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(57) Abrege/Abstract:

A sound detection system of a musical instrument with vibrating parts is disclosed, comprising at least a pair of sensors and a
preamplification unit for processing the signal output from the two sensors along respective channels, wherein - at least one of the

Y i R
MRARRAANY 5 <0 S\, I
b =y

L) AN
a4 an"ey .
RECANRY

C an adg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca

OPIC - CIPO 191




CA 2948768 A1 2015/11/119

ey 2948 768
(13) A1

(57) Abrege(suite)/Abstract(continued):

pair of sensors Is a plezoelectric transducer and the other one of the pair of sensors Is a different-type transducer, - said
preamplification unit comprises, for each of the channels, an input stage, comprising an amplifier circuit and an equalisation circult,
and an output stage comprising at least a weighted adder circuit and at least two volume controls with arbitrary logarithmic
response curve, and whereln - at least the input stage for the channel of said piezoelectric transducer is a charge amplifier circuit
and at least one of the other Iinput stages can be configured both as a charge amplifier and as non-inverting amplifier with high
Input impedance, and whereln - said equalisation circuit comprises an RC circuit, and wherein the output stage has an adder
section of the at least one pair of sighal channels, defined providing a resistive trimmer (P2, P4, P6) in series to each input network

(RC) of each channel to an adder amplifier (U3), so as to obtain a different excursion of the maximum gain value for each channel
of sald adder amplifier.



w0 2015/173732 A1 [T ORP OO0 O RO R R

(43) International Publication Date
19 November 2015 (19.11.2015)

CA 02948768 2016-11-10

Organization
International Bureau

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2015/173732 Al

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)

(74)

(81)

International Patent Classification:
GI10H 3/18 (2006.01)

International Application Number:
PCT/IB2015/053486

International Filing Date:
12 May 2015 (12.05.2015)

Filing Language: [talian
Publication Language: English
Priority Data:

MI2014A000856 12 May 2014 (12.05.2014) IT

Applicant: HEART SOUND ITALY S.R.L. [IT/IT]; Via
August Righi 7, I-37135 Verona (IT).

Inventor: SELMO, Antonio; HEART SOUND ITALY
S.r.l., Via Augusto Righi 7, I-37135 Verona (IT).

Agents: FAGGIONI, Carlo, Maria et al.; Fumero Sr.l.,
Via S. Agnese, 12, 20123 Milano (IT).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
IR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time [imit for amending the
claims and to be republished in the event of receipt of

amendments (Rule 48.2(h))

(54) Title: PREAMPLIFICATION SYSTEM FOR AN ACOUSTIC GUITAR OR OTHER MUSIC INSTRUMENT WITH VI-
BRATING PARTS

Multiple piezoelectric sensors
electrically connected in parallel

st D[R 0] % ]|
iCharge ' 1 : :
| . amplifierwith | | Equalisation - Y
, capacity circuits: :
E feedback amplification and
\ | : (single) high-pass filter —..
x \ ——

. ‘ Output stage,

iz

: i .
i . : - N !
E © b "“": ‘D o —l> X/ -  possibly
v i) ] o - BRE | . 1 according to the !
5 @ { Charge - e ngnable.galn 1 balanced
| . amplifierwith! | Equalisation . | witharbitrary 1 | structure with
= . capacity i circuits: + 1+ logarithmic t 1 double
hhhhh . feedback amp[lﬁcaﬂon and E E curve for each : E Comp|em€ntary E
L { (single} high-pass filter { 1 channel . 5 output
lf L / ] ,_____E_f_______-_h,,_____,___.' s e
Vibrating \ S ——
sou ”;' Electronic section within >
oar ;
the instrument Fig. 28

(87) Abstract: A sound detection system of a musical instrument with vibrating parts 1s disclosed, comprising at least a pair of
sensors and a preamplification unit for processing the signal output from the two sensors along respective channels, wherein - at
least one of the pair of sensors 1s a piezoelectric transducer and the other one of the pair of sensors 1s a different-type transducer, -
said preamplification unit comprises, for each of the channels, an mput stage, comprising an amplifier circuit and an equalisation cir -
cult, and an output stage comprising at least a weighted adder circuit and at least two volume controls with arbitrary logarithmic re -
sponse curve, and wherein - at least the mput stage for the channel of said piezoelectric transducer 1s a charge amplifier circuit and at
least one of the other input stages can be configured both as a charge amplifier and as non-mverting amplifier with high mput imped -
ance, and wherein - said equalisation circuit comprises an RC circuit, and wherein the output stage has an adder section of the at
least one pair of signal channels, defined providing a resistive trimmer (P2, P4, P6) in series to each mput network (RC) of each
channel to an adder amplifier (U3), so as to obtain a different excursion of the maximum gain value for each channel of said adder
amplifier.
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PREAMPLIFICATION SYSTEM FOR AN ACOUSTIC GUITAR OR OTHER

MUSICAL INSTRUMENT WITH VIBRATING PARTS

DESCRIPTION

Field of the Invention

The present 1invention relates to a preamplification
sound system for an acoustic gulitar or other string or vi-
brating-part musical 1instrument, in particular a preampli-

fication system with two or more sound sensors.

Background Art

As known, a string musical instrument, such as an
acoustic guitar or a violin, has a remarkable sound rich-

ness, depending on the construction features of the sound

board which derive also from the fine skill of the 1lute
maker which produces them. The acoustic power supplied di-
rectly by an instrument can be modulated by the music mak-
er, but 1t cannot go beyond a certain level and in the cas-
es of sonorisation of large indoor or outdoor spaces, it 1is
certainly insufficient. From here the need to amplify the
acoustlic signal of the instrument.

A traditional system for amplifying volume is that of
placing a microphone 1in front of the instrument and hence
amplifying the sound with conventional amplifying equip-
ment. This solution 1s not always satisfactory, because it
1s affected by microphone and environment quality, in addi-
tion to being prone to the problem of the Larsen effect,
due to the return of the acoustic signal into the micro-
phone, precisely 1in situations of great amplification;
moreover, the microphone 1s able to pick a limited dynamic
of the sound which comes out of the instrument, in addition
to being strongly affected by environmental acoustics and
by the microphone position with respect to the instrument.

Somewhat better results are obtained by positioning

speclal microphones on the mouth of the sound board, below
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the strings. However, this solution is not fully satisfac-
tory elther.

In order to improve the quality of the acquired sound,
freeing oneselves from the use of acoustic microphones sen-

sitive to changes of acoustic pressure, 1t has also already

been suggested to use special pickups (acquisition sen-
sors), of the type found on electric guitars.

The pickups used in string instruments (guitars and
double basses) are substantially of two types.

A first one is of a magnetic type and comprilises a se-
ries of single or double coils of metal wire, which gener-
ate a magnetic field due to the presence of permanent mag-
nets: this type of pickup 1s arranged 1n the proximity of
the metal strings of ferromagnetic material, so that the
magnetic field i1s “disturbed” by the vibration of the metal
strings and the extent of this change 1s acqulred as elec-
tric signal (the technical term 1s “variable-reluctance”).
This signal detects well the vibrations of the strings

which move in front of the pickup, but 1s unable to signif-

. ]
p—

lcantly appreciate any resonance of an acoustic board,

g

which provides the timbre of a certain i1nstrument.

A second one 1is of the piezoelectric type and compris-

es a plezoelectric pressure sensor: it 1s positioned below

a bridge, for detecting the direct or resonance vibration

in terms of variable pressure, consequent to the mechanical

action of the strings vibrating on the support bridge. The
nature of the signal acquired with this sensor, as can be
guessed, 1s profoundly different from the one obtained with
a magnetic pickup.

In order to acquire a signal from a piezoelectric
transducer, 1t 1s normally resorted to preamplification

circults with a high input impedance, such as the schema-

tised ones 1n the attached figs. 1A and 1B.
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A first exemplifying circuit structure (fig. 1A) 1is
obtained through Ql and Q2 and defines a dlscrete-component
amplifier stage with a high input impedance, obtalned with
the use of a FET (Ql) in a bootstrap configuration. The
second circuit structure (fig. 1B) 1s obtained by means two
operational amplifiers and defines an amplifier with a high
input i1mpedance. In both cases the circuits are adequate as
voltage amplifiers.

With known electronic configurations, no perfect adap-

tation of the i1nput stages towards the piezoelectric trans-

ducers 1s obtained and a significant reduction of signal

p——

quality 1s determined in case of parallel connection of

multiple piezoelectric transducers. Moreover, since the

mixing between signals coming from different, jJointly-used

transducers 1s critical, 1n the prior art no optimisation

of the logarithmic response curve of the individual level

controls for each signal 1s provided.

In order to supply an amplified sound as faithful as

possible to the natural one, i1t has also been suggested to

simultaneously acquire the signal deriving from multiple
different sensors, arranged on a same acoustic instrument.

W02004/023454, for example, discloses a preamplification

system for a palir of sensors arranged, on an acoustic 1in-
strument, one below a bridge for detecting the direct vi-
brations of the strings, and one on the instrument sound
box, for detecting resonance vibrations. W02011/003148 dis-
closes a similar system, wherein a third sensor in the
shape of a microphone 1s also provided.

Both these prior-art systems, however, still have sig-

nificant management problems of the different signals. As a
matter of fact, 1n the light of the different nature of the
signals produced by the various sensors, as well as the

different nature of the acquired sound (direct vibration,
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resonance vibration, acoustic wave 1n the air, ..), problems

of electronic processing of the signals in the preamplifi-
cation stage exist, to then obtain the correct output sig-
nal to be amplified in the final stage, without distor-
sions, without spectrum limitation of the signal, and hav-
ing a final sound as natural as possible. It must be ob-

served, moreover, that the magneto-dynamic 1nertia sensors

have limited responses 1n frequency, remarkable mass and'
high sensitivity towards external electromagnetic fields,
especlally those at network frequency and harmonic frequen-
cles thereof.

Finally, 1t must be considered that the reduced space

avallable on the musical instrument also makes critical the

physical configuration of the preamplifier which must be of
excellent quality as well as having high immunity to elec-
tromagnetic fields of external sources.

US 7 304 232 discloses a Jjoystick gain control system
for the amplification of a string i1instrument. Two equal
magnetlc-type or pilezoelectric-type pickups are provided,
with the volume potentiometers directly connected to the
pickups. Such configuration in actual fact does not allow

to obtain a good response from piezoelectric-type sensors,

because 1t would requlire a load resistance of a few MQ],
necessary 1n order not to load the sensor, which would imp-
ly an alteration of the frequency response upon the varying
of the potentiometer cursor position. Moreover, a change of
the equivalent resistance seen from the piezoelectric sen-

sor would 1mply a change of the frequency response on the

low part of the spectrum (equivalent to a sort of response
of a high-pass filter at variable frequency). The volume
control 1s arranged between the pickups and the amplifica-

tion stages. The structure is that of a generic amplifica-

tion system, volume adjustment of a passive type and tone
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control, but 1t cannot be understood what the inner struc-
ture and the circuitry 1n the active version are. The vo-
lume controls are carried out directly on the sensors,
changing the response thereof, increasing the equivalent
electric noise thereof due to the additional resistance of
the potentiometer c¢ircuit, virtually allowing the use of
sole low-1lmpedance sensors; an analogilic - digital and digi-
tal -» analoglic chain 1is furthermore accomplished, obtaining
the volume and tone adjustment functions numerically. The
phase 1nversion of either one of the two sensors 1s ob-
tained through an electromechanical-type switch (a double
deviator with crossed connections).

In the document Jarmo Lahdevaara: "The Science of
Electric Guitars and Guitar Electronics™ some amplification
circuits for a pilezoelectric sensor are disclosed. This
prior-art solution does not offer an ideal amplifier in the
application considered by the present invention vyet, be-
cause 1t 1s a FET impedance-adapter, follower circuit.

Summary of the Invention

d

In view of the above, an object of the present inven-

tion 1s that of providing a preamplification system with at
least two sound acquisition sensors, one different from the

other, which can be used on string instruments, both acous-

tilc and solid-board ones (electric guitars), for correctly
acquiring and processing the instrument sound, so as to
provide as output, after one or more amplification and
equallsation stages, a sound as natural as possible, cor-
responding to the acoustic sound of the instrument.

Salid object is achieved through a system as defined in
claim 1.

The dependent claims illustrate further preferred and

advantageous features according to the invention.

P

Brief Description of the Drawings
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Further features and advantages of the system accord-
ing to the invention will in any case be more evident from

the following detailed description of a preferred embodi-

ment of the same, given as an example and 1llustrated 1n

the attached drawings, wherein:

pES

figs. 1A and 1B are prior-art circult diagrams of vol-

tage amplifiers;

figs. 2A and 2B are schematic views of an acoustic
guitar provided with the system according to two different
embodiments of the invention, provided wilith piezoelectric
sensors below the bridge and accelerometric, piezoelectric

sensors on the sound board:;

fig. 2C 1is a schematic view of a rigid-board guitar

 and
e

provided with the system according to a third embodiment of

the 1nvention provided with a pilezoelectric sensor below
the bridge and with a magnetic sensor below the metal
strings;

fig. 3 1s a schematilic view of an acoustic guitar pro-

vided with the system according to a fourth embodiment of
the i1nvention, provided with piezoelectric sensor below the
bridge and microphone within the sound board;

figs. 4A, 4B and 4C are circult diagrams of prior-art

amplifiers;

fig. 5 1s a circuit diagram of an entire supply system

—

according to an embodiment of the invention;

fig. 6 1s a circuit diagram of the input stage, 1in a
varlable-gain, charge amplifier configuration, according to
the 1nvention;

fig. 7A 1s a circuit diagram of an input stage of a

variable-configuration amplifier, according to a preferred

embodiment of the invention;

figs. 7B and 7C represent two different configurations

pr—~—

of the circuit of fig. 7A, a charge amplifier and a voltage
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amplifier, respectively;
figs. 8A and 8B are two circult diagrams of an equali-
sation stage, which allow to obtain two different frequency
responses, respectively illustrated in figs. 8C and 8D;
fig. 9A shows two circuilt diagrams, representative of
the principle diagram and of the application diagram, of a

volume control according to the i1nvention;

fig. 9B is a diagram which 1llustrates the response ot
the circuit illustrated in fig. 9A with K=3, 4 and 5 and 1n

the linear case;

fig. 10 is a circuit diagram of an adder stage of the
signals according to the invention;

fig. 11 1s a circulit diagram of a balanced output
stage according to the invention;

figs. 12A and 12B are schematic cross-section views of

a shielding structure according to a preferred embodiment;

and

figs. 13A, 13B and 13C are schematic cross-section
views of the structure of an exemplifyling pilezoelectric

sensor according to the invention.

Detalled Description of a Preferred Embodiment

The present i1nvention starts from the principle of us-
ing different types of sensors of physical quantities such
as pressures, torques, accelerations, 1n a comblned manner,
suitably processing the corresponding signals so as to ob-

tain an amplified sound as true and natural as possible.

FFigs. 2 and 3 1llustrate two embodiments of the inven-

tion, wherelin two different string musical instruments are

schematically i1llustrated (an acoustic gultar and a rigid-
board electric gqguitar, respectively), provided with two
sensors with the relative (schematically drawn) amplifica-
tion, equallsation, addition and output stages.

At least one of the sensors 1s a pressure transducer,
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- configured for being directly affected by the force 1m-
parted by the vibrating strings on the sound board (whether
acoustic or rigid).

The other sensor may be an acceleration transducer,

5 that is, a tranSducer sensitive to the acceleration of the

sound board or of any other vibrating part of the instru-
ment, where it 1s positioned.

Alternatively, the second sensor may be a magnetic

transducer (with variable reluctance or variable magnetic

10 field, in case of vibration of ferromagnetic components of

the 1nstrument).

The balancing of the signals obtained from these two
different sensors produces an electric signal which corres-
ponds to the acoustic sound of the instrument, with also

15 the timbre nuances which meet the music-maker’s needs, be-

ing able to vary the extent of the mixing of the signals

coming from the different sensors.
The different sensors (transducers from physical quan-
tity to electric quantity) take up dramatically distinct
20 functions, depending on their positioning and their inte-
raction with the detected physical quantity. In the follow-
1ng the various features thereof are disclosed.

Pressure transducer, arranged below the bridge.

It 1s capable of acquiring the sound produced directly

2y by the pressure of the strings on the bridge of the string

-

musical i1instrument; the fundamental feature thereof 1s a

very short onset time, it has a response which is little
linked to the acoustics of the sound board of the 1nstru-
ment and 1s sensitive to the type of strings and to finger
30 picking intensity. Directly subject to bridge pressure,
which 1s released onto the sound board, such transducer

transforms 1nto electric signal (electric charge) the

string stresses. The sound corresponding to the electric
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signal 1s extremely sharp and clean, with very wide dynam-
1cs which makes the onset 1ncisive but extremely natural at
the same time. ‘

According to an aspect of the invention, such trans-
ducer 1s configured so as to have a flexible sensitive ele-
ment of a very reduced thickness (0.2-0.3 mm), so as to
perfectly fit to any type of bridge, without having to act
mechanically with complex bodywork interventions on the
musical instrument. ‘

In practice the 1installation thereof provides to: re-
moving the bridge from the instrument, after having loo-
sened the strings, 1nserting the transducer into the groove
which makes up the bridge housing, hence covering again the
sensor with the bridge, which is arranged in the same posi-
tion as before the sensor insertion; finally the strings
are tensioned agaln to obtain the original tuning. Before
the i1nsertion a small hole must be practised on one side of
the groove, to allow the passage of the tiny coaxial cable
which connects the piezoelectric sensor to the electronic
section.

Construction structure of the transducer positioned below
the bridge

This transducer consists of a multi-layer, piezoelec-
tric film, manufactured with a technique which guarantees
the 1intrinsic shielding thereof from external electric
fields. The structure thereof (figs. 13A-13C) consists of
two pilezoelectric films separated by a conductive sheet,
which makes up the “hot” pole thereof. The two piezoelec-
tric sheets are externally covered by two mutually con-
nected conductive sheets, which make up the “cold” pole

—

thereof. The hot pole is connected to the central conductor

of the coaxial cable connecting it to the electronic sec-

tion, while the cold pole is connected to the braided wire
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of the coaxial cable connecting 1t to the electronic sec-
tion. Such structure accomplishes a self-shielding pilezoe-

lectric transducer, of a very reduced thickness (a few

tenths of mm). Due to the mechanical features thereof, the
application thereof 1s particularly simple and quick and
requires no digging of the bridge seat in the instrument.

The exemplifying measures indicated 1in figs. 13A-13C
account for the size of the device which can be housed be-
low the bridge of a guitar without particular bodywork in-
terventions. It 1s nevertheless understood that the sizes
may change significantly also depending on the specific ap-
plication of the sensor.

Acceleration transducer, mounted on the instrument box

It 1s capable of acquiring the sound which propagates

in the sound board and reveals the acoustic features. The
presence of such transducer allows to acguilire a signal
which 1s strongly affected by the i1nstrument acoustics and
hence represents a sort of instrument “signature”.

It 1s an accelerometric sensor which transduces vibra-

tions 1nto electric signal (electric charge). Since the ac-
celeration represents the speed derivative, 1in order to ob-
taln a signal corresponding to the “true sound” of the in-

strument, which 1s i1nstead related to the speed of the vi-

brations of the sound board, an operation like an integra-
tion (pole function + =zero) before supplying the output

signal 1s performed on the acquired signal.

An exemplifying accelerometric sensor suitable for the
purpose consists of an inertial mass fastened to a piezoe-
lectric elastic support, with possible dampening material
1n which the vibrating device 1s embedded. The acceleration
which the device undergoes 1s transmitted to the piezoelec-
tric elastic support which supports the inertiél mass, the-

reby obtalning the transduction from acceleration to elec-

10
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tric charge.

Due to the use of an accelerometric sensor of a very
reduced mass (below 1 gram), there is no need to filrmly
glue such sensor to the sound board of the instrument, but
it is sufficient to fasten it with a low-tenacity (pressure
sensitive), easily removable adhesive. Such solution advan-
tageously enables the user to reposition multiple times the
sensor as he/she prefers, so as to empirically identify the
best position for reaching the best realism of the electric

signal towards the natural acoustic sound.

Preferably, the accelerometric transducer 1s arranged
so as to be able to be rotated by 180 degrees (for example
by repositioning or providing a mounting capsule which al-
lows the inversion of the two faces with respect to the
plane of the board of the musical instrument):_that allows
to change the signal phase, hence to compensate the phase

between the signals of the different sensors, possibly ne-

cessary for compensating interference and elision problems
of the composite signal obtained from the sum of the signal

with signals coming from other sensors.

As a matter of fact, the signal obtained from the ac-
celerometric sensor significantly depends on the sensor po-
sition on the sound board. In order to be able to obtain in
output a signal as realistic as possible, that 1s, corres-
ponding as much as possilible to the acoustic signal which
propagates by air, 1t 1s necessary to try to obtain a sig-
nal as similar as possible to the one obtained through an
ailrborne microphone; the analysis which allows to verify

the reaching of such condition may be carried out combining

the time analysilis of the trend of the sound intensity with
the frequency analysis which shows the .development of the
different sound components of the two signals obtained by

the invention and by an airborne microphone. From that de-

11
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rives the advantageous opportunity to easily reposition the

accelerometric sensor into different positions on the sound
table, until obtaining an adequate (time and frequency)
correspondence of the two signals. Moreover, please notice

g
p—

that the joint use of a pressure sensor below the bridge

and of the accelerometric sensor arranged on the sound ta-
ble, differently arranged, can lead to ellision problems,
especially for the lower part of the acoustic spectrum, due
to the counterphase sum of the two signals. For Such rea-
son, as seen above, the accelerometric sensor also provides
the opportunity to be rotated by 180° in its greater-
sensitivity axis.

The remarkable versatility of this sensor allows to

apply the device in practice in all the instruments which
have a vibrating part (for example pianoes, harpsichords

and the like) and even 1n all those applications where

there 1s the need to amplify the acoustic signal generated
by the vibration of boards, or other elements.

The sensor used has been obtained starting from a
standard manufactured sensor, i1introducing a series of
structural changes which have allowed to obtain decidedly
improved performances with respect to the 1nitial version.
The first implemented change relates to the removal of the

internally integrated electronic section, consisting of a

FET impedance-adaptor stage and not of a charge amplifier.
The second implemented change relates to a conductive
structure fully shielding from external electric fields.
The third 1mplemented change relates to the exit way of the
coaxlal cable from the sensor structure, which guarantees
high mechanical sturdiness towards traction stresses which
the cable may undergo during réarrangement operations.
Magnetic Transducer, mounted below the strings

This sensor transforms the ferromagnetic material
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string displacement 1nto an electric signal. The timbres

are those typical of a traditional “magnetic pick-up” but,

due to a suitable amplification and equalisation circult

(which 1s i1llustrated below), with a decidedly wider spec-
trum and a minimal alteration of the timbres.

As mentioned above, 1n the case of absence of vibrat-
ing sound boards, as in the case of rigid-board instruments
(electric guitar), the accelerometric sensor on the board
would lose meaning and 1is hence replaced by this magnetic

sensor sensitive to the vibration of the strings made of

ferromagnetic material, according to the wvariable reluc-

tance principle. According to the invention, such sensor 1s

interfaced at a first amp1ificationystage which 1s followed

by an equalisation stage (1 pole + 1 zero up to a maximum
of 2 poles + 2 zeroes), to compensate the fact that the
output of such type of sensors is proportional to the speed
of wvariation of the magnetic flow generated by the dis-
placement of the strings and not by the actual sound asso-
ciated with such displacement. By doing so, the frequency
response obtained by such transducer 1s wider than the one

which would be obtained connecting 1t to an amplifier

through only passive components, due to a perfect adapta-
tion between such type of transducer and the input elec-
tronic circuit.

Here 1n the following the electronic section provided
downstream of the sensors 1s now described. It may be
housed 1n physical unlits arranged inside the musical in-
strument sound board, preferably at a short distance from
the sensors. The particular structure of the input stages
of the electronic section allows to accomplish the connec-
tion between sensors and electronic section even of a con-
siderable length (above a metre), without losses or signal

alteration due to the connection leads.
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In the case of simultaneous action of multiple sen-
sors, preferably the mixing level of the two different sig-
nals coming from the sensors is not set in a fixed manner,
but 1is adjustable by the user. Such adjustment occurs by
manually acting on two or more potentiometers easily ac-
cessible by the user, integral with the electronic part or
remote, connected through a shielded multipolar cable (the
shielding 1s advisable but not essential, the values of the
potentiometers being only of a few kilo ohms, hence little

sensitive to external electromagnetic fields). As a matter

of fact it 1s preferable to give the music-maker the oppor-
tunity to create their “own sound”, not obtained with ef-

fects, external equalisations or other signal manipulation,

but rather mixing at pleasure the signals coming from the
different sensors, with the opportunity of fixing (through
preliminary adjustment) the maximum level of each signal,
to obtain a sort of optimal mixing “preset”.

The amplification stage 1s configured so0 as to best
adapt to each sound detection sensor.
The piezoelectric transducer

The piezoelectric transducer supplies an electric
charge proportional to the stresses it undergoes. There-
fore, according to the invention, the input stage for the
plezoelectric transducer 1s obtained with the charge am-
plifier technique, through an inverting stage with charge-
feedback operational amplifier.

The piezoelectric sensor, arranged below the bridge,
requires no signal equalisation, because a virtually linear

response across the entire acoustic spectrum and beyond 1is

shaped.
In the case o0of a signal coming from an accelerometric
sensor, as 1ndicated 1n fig. 2, the respective amplifica-

tion channel 1s followed by an equalisation circuit con-
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sisting of an RC circuit and an almost-integrator (polo +
zero response). The corresponding response to the function

of Yalmost 1ntegrator” makes up a standard resulting from

the i1mpossibility of accomplishing a pure integrator which,

ideally consisting of a single pole of the first order at

zero frequency, would lead to an infinite amplification for
the continuous cémponent. In practice, a circuit 1is accom-
plished which works as a real integrator starting from a

frequency greater than zero (consequent to the fact that

the feedback network i1s obtained from the parallel of a ca-

pacity and of a resistance and not of a capacity only). In
the case of the 1invention there is a further variant with
respect to the real i1ntegrator, since the addition of a ze-
ro in the frequency response 1s provided, such as to inter-

rupt the integration action at medium~high frequencies, re-

placing it with a constant amplification action upon the
frequency change. That is the result of tests carried out,
which have highlighted how an integration action without
additlonal zero in the frequency response would lead to a
signal, obtained from the accelerometric chain, poor of
high-frequency components.
The Magnetic Transducer

The transducer of a magnetic type supplies a voltage
linked to the speed of variation of the magnetic field. The
lnput stage for magnetic transducers is accomplished with
the technique of the high-input-impedance, non-inverting
amplifier. Also for such type of sensor the first stage is
followed by an equalisation circuit consisting of an RC
circult and of an equalisation network (with a response po-
lo + zero up to 2 poles + 2 zeroes), to compensate the fact
that the output of such type of sensors is proportional to
the variation speed of the magnetic flow generated by the

string displacement and not by the actual sound associated

15



10

15

20

25

30

CA 02948768 2016-11-10

WO 2015/173732 PCT/IB2015/053486

with such displacement.
The Accelerometric Sensor

The accelerometric sensor supplies an electric signal
(electric charge) proportional to the acceleration 1t un-
dergoes. The 1input stage for such sensor conslists of a
charge amplifier, which accomplishes the best possible 1in-
terface towards such type of transducer. In order to move
from an acceleration-linked signal to a speed-linked signal

(as 1t must be 1n order to supply a correct sound represen-

tation), the first amplification stage (charge amplifier)

1s always followed by an equalisation circuit consisting of
an RC circult and an almost 1integrator (pole + zero re-
sponse) .
The Microphone Sensor

In the case of particular situations the opportunity
of using as sensor an acoustic microphone (fig. 3), or sim-
ilar, sensitive to pressure variations, is provided. The
opportunity of using non-powered, for example magneto-

dynamic, microphones, or powered ones, such as capacitor

microphones with integrated conditioning electronics ex-

ists. The input stage which can be configured according to

different structures allows to use different-type micro-

phones.

In practice, according to the 1invention, one of the

two employed sensors 1s certainly piezoelectric, connected

to a stage which 1s a charge amplifier, without the oppor-.
tunity of other configurations. The second transducer is

connected to the second amplification stage which, 1n this

case, may be configured both as charge amplifier and as

non-inverting amplifier with high-input-impedance. For such
reason the second transducer may be both of a piezoelectric
nature, and of another nature with the output either in

voltage or 1n current. The circuit with the frequency re-
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sponse of Y“almost integrator” may be present, should there
be the need (in the case of accelerometric sensors) or 1t

may lack or supply a response of a linear type (or other

type, given the opportunities offered by the feedback net-
work) 1n case the second transducer has an already adequate
freqﬁency response with no need for any equalisation.
According to a preferred embodiment of the invention,
the electronic unit on board the 1nstrument thus has such a

configuration as to make the operativeness of the first am-

plification stage flexible. It i1s accomplished so as to be

able to be easily converted from charge amplifier to non-
inverting amplifier with a high-input-impedance, and vice
versa, simply mounting some components rather than others
and/or varying the value of components mounted for both
circuits. In practice a single electronic board 1s designed
with the technique of the printed circuit, where the hous-
ings for all components are prepared, both the ones mounted
for accomplishing the charge-amplifier structure, and the
ones mounted for accomplishing the non-inverting amplifier
structure with high-input-impedance. The two different con-
figurations are obtailined mounting only the components re-
lating to each configuration. Some components are mounted
for both configurations, but can be of different value for
each configuration. That alloWs a saving linked to the fact

that with a single support electronic board it 1s possible

to accomplish different conditioning electronics, adapted

P

to different types of sensor.

In the non-inverting amplifier configuration with
high-input-impedance, 1t 1is suited also for other types of
transducers, 1n addition to magnetic ones.

The third stage of the preamplification unit is an ad-
der cilrcult, 1n particular a weighted adder with logarith-

mic response and maximum-galn adjusting circuit.
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The circuit for obtaining the perfect mixing of the
two signals 1s accomplished through an 1nverting weighted

adder wilith operational amplifier, for obtaining the maximum

possible linearity, together with a pass bandwidth which
does not depend on the gain set for each of the two

branches to which the signals to be summed are applied.

In order to optimise the adder adjustment by the user,
an adjustment circuit 1s provided, defined by resistive-

type trimmers, which sets the signal level, for each chan-

nel, when the corresponding volume potentiometer 1s at its
maximum. It 1s a sort of maximum-—ievel “preset” for each
channel, presettable by the user.

Preferably, this adjuster section of the wvariable ad-
der 1s conceived to be remote with respect to the electron-
ic section of the adder and connected through a thin
shielded multi-wire cable. That allows to arrange the vo-
lume control device, depending on reguirements, up to a

distance of over 100 cm from the electronic section of the

preamplification unit.

The response curve obtained, upon the varying of the

g

position of the small control knob, 1is of the logarithmic

type, manufactured with linear-type potentiometers and ad-
ditional resistors. Such solution allows to obtain an abso-
lutely repetitive logarithmic-type curve, due to the good
linearity of the linear potentiometers, and virtually arbi-
trary, depending on the ratio between the value of the po-
tentiométer resistance and of the load resistance connected
to the potentiometer cursor, such as to meet any music mak-
er’s or other user’s adjustment reguirements.

The circuit structure employing an inverting weighted
adder through operational amplifier allows to multiplex the
circult by an arbitrary number of times: in other terms,

that allows to mix the signals coming not only from two
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channels, but potentially from any number of channels. In
this stage, the electronic circuit 1s used as a sort of
master unit, on which the signals converge coming from the
amplification stages of other electronic parts. That opens
to a potentilially even more extended scenario, wherein the
mixing opportunities of multiple sensors, arranged in dif-
ferent locations of the instrument, become countless.

The last output stage 1s at low-impedance, so0 as to
make the quality of the signal applied to the external am-
plifier not significantly dependent from the input imped-
ance of the external device nor from the length of the con-
necting cable (between the unit onboard the instrument and
the external amplification eguipment). Moreover, the output
connector 1s arranged for a differential-type connection
with the external amplifiler. Thereby the best possible im-

munity 1is accomplished towards the disturbing electromag-

netic fields at the network frequency of mains.

For such output stage, preferably a circuit with two
balanced and mutually complementary active outputs 1s pro-
vided, for obtaining the best possible signal to be sent to
a remote, differential-input amplifier. -

Finally, the above-mentioned electronic components are
installed on a printed circuit board which 1s arranged
within a protection envelope. In particular, said envelope
has a mechanical structure which determines full shielding
from external electric fields and a highly efficient shiel-
ding towards external electro-magnetic fields. That 1s ob-
tained through a ferromagnetic metal box, which covers the
entire electronic section, and a copper-coated plate (typi-
cal for printed cilrcuilt boards) arranged below the printed
circuit; preferably a further copper-plated plate 1is pro-
vided which defines, 1n addition to the shielding of the

weldings of the sensor and volume-adjuster assembly cables,
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also the mechanical anchoring of the conductors which lead
to the plate.

The electric shielding is guaranteed by the shield ma-
terial which 1s a good electric conductor (copper and iron,
possibly tin-plated) and the magnetic shielding 1is guaran-

teed by the shield material with high magnetic permeability

(soft i1ron or, alternatively, magnetic stainless steel).
Comling now to the description of the individual draw-

ings, some solutions relating to the electronic circuits

for amplifying signals coming from piezoelectric transduc-

ers will be illustrated.

In fig. 4A a discrete-component circuit is shown,

built with the follower technique with FET and transistors

in bootstrap configuration and collector output for obtain-

ing an amplification greater than one. A certainly valid

clrcult as voltage amplifier with high input impedance (ob-

tained through the use of a FET) but not suited as charge
amplifier (the charge 1ndeed generated by the piezoelectric
transducer) .

Fig. 4B shows a circuit with integrated components

(operational amplifiers) where U51 accomplishes the high-

lnput-impedance amplification stage while U52 has the pur-
pose of providing a sort of “floating zero” to allow to
power the circulit with single supply. The gain depends on
the feedback network R58, R59, C56. Also in this case the
circult 1s certainly valid as voltage amplifier with high

input impedance (obtained through an operational amplifier

with FET input) but not suited as charge amplifier.

Fig. 4C shows a circuit with integrated components
(operational amplifiers) where U53 accomplishes the input
stage 1n charge-amplifier configuration (only in case R64

1s of a value decidedly above a few Megaohm), while C52 ac-

complishes the feedback capacity. No gain variation is pro-
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vided but acting on the wvalue of capacity C52. The second

stage 1s accomplished by amplifier U534 with the feedback

network provided with resistances R66, R65 and capacilty

C53: it has no significant equalisation, such as to pass

from a piece of information relating to acceleration to a

.

piece of information relating to.speed.

Fig. 5 shows different circult structures relating to
the electric supply of the electronic unit, depending on

the type of supply adopted.
Block [1l] allows to power the unit through a conven-
tional “phantom”-type system, used in all professional am-

plification systems. Capacity C7 (of a value ranging be-

tween hundreds of nF and a few uF) transfers the signal,

capacity C8 (of a wvalue similar to C7) accomplishes the

pseudo-differential configuration, zener diode DZ1l (of a
value ranging between 12V and 30V) limits power tension.
The one-way-and-two-position selectors JPl and JPZ are to

be arranged as single supply.

Block [2] allows instead to power the unit with single

supply both locally (for example with a battery wilth vol-

tage from 6 to 24V), and remote (continuous voltage with

values ranging between 6 and 30 V).

The block [3] consisting of resistances R3, R4 (of

values ranging between a few k{2 and some tens of k{2) and
of capacity C4 (of the value of a few hundreds nF) simply
accomplishes a divider towards the single supply voltage.
The voltage thus obtained, of a wvalue around half the
supply tension, accomplishes the so-called “floating zero”
which allows to the amplifier stages to operate around the
optimal rest point, consisting 1ndeed of half the supply
tension, which guarantees the greatest possible excursion
of the output voltage from the amplification stages togeth-

er with a good operation linearity. Such block is necessary
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only 1n case of single supply.

Block [4] allows to power the device with dual supply
both locally (for example two batteries with voltage from 6
to 24V), and remotely (continuous dual voltage with values
between the positive voltage and the negative one ranging

between 12V and 30V). Resistances R6 and R7 (of the wvalue

of a few tens of Q) with the capacities C5 and C6 (of the

value of a few hundreds of nF) accomplish a low-pass filter

for any RF disturbances along the power line. An advantage

of such a type of power supply lies 1n the opportunity of

coupling the wvarious stages in continuous current, obtain-

P

ing a bandwidth on the low part of the spectrum until con-

tinuous current. The coupling 1n continuous current can be
obtained due to the opportunity of deleting the coupling
capaclties between the output of a stage and the input of

the next one, each stage operating around zero. Thereby the

transfer function of the high-pass type resulting from the
use o0f the coupling capacities 1s replaced by a transfer
function with a gain which remains constant until zero fre-
quency.

A further advantage, resulting from the dual-type pow-
er supply, consists of the greatest possible excursion of
the output voltage and by the absence of block [3] neces-
sary, 1nstead, for obtaining the floating reference (ex-
plained above) in the case of non-dual power supplies.

et |

Block [5] 1s the actual amplification stage, connected

to the plezoelectric transducer (in the i1illustrated embodi-
ment), which can be set with single or dual supply through
the two one-way-and-two-position selectors JPl and JP2.
Fig. © represents 1n detail the input stage of the
charge amplifier. It 1s an charge amplifier circuit accom-
plished with capacity-feedback operational amplifier.

Through contact JPX 1t 1s possible to wvary the charge
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transduction sensitivity 1in tension. As an example, by
doubling the feedback capacity transduction constant dv/dQ
is halfed. In the equivalent diagram (shown on the right
hand side) the variable feedback capacity is referred to as
CX. In both diagrams, the pair consisting of resistance Rl
and of capacity Cl is not strictly required, but only ad-
visable 1in the case of charge amplifier used with accurate
measure transducers (calibrated accelerometric sensors). In

the equivalent diagram the sensor 1s shown as a charge ge-

nerator.

In figs. 7A-7C the variable-configuration input stage

is shown. Such 1nput stage 1s structured so as to be able

to be mounted 1in different ways, depending on the required

P

function. The object of such configurability 1s the obtain-

i~

able saving, being able to make available different cir-

cults starting from a single support (printed circult board

PCB). The overall configuration (fig. 7A) shows all the

components used 1n the two possible configurations: charge.
amplifier and non-inverting amplifier with high input 1im-
pedance, or with controlled 1mpedance with the opportunity
of power supplying a possible condensator microphone with
integrated electronics. Both the 1indicated configurations

are suilted to single supply. With a structure virtually of

the same kind 1t 1is possible to obtalin the same results for
dual supply.
In the charge amplifier configuration (fig. 7B), con-

tact JP3 1s closed and a feedback network consisting of re-

sistance RZ2 and of capacity C2Z2 1s substantially capacitive

(R2Z of a very high value 10MOhm - 22 M ohm, with product C2

¢ R2 such that 1 / (6.28 e C2 e R2) 1is smaller than the

minimum cilircult operation frequency. Resistances R3 and R5

(of a value ranging between some k{2 and some tens of kQ)

accomplish the floating reference.
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In the non-inverting amplifier configuration (fig.
7C), resistance R1l1l (of a wvalue ranging between some k{2

and some MQ2) accomplishes the load directly connected to
the sensor (in the exemplifying case considered, the sensor
is of a magnetic type). Resistances R4 and RS> accomplish
the floating reference. Resistances and capacities RZ and

C2, R5 and C5 accomplish the feedback network with RZ hav-

ing a remarkably lower value than in the case of the charge

amplifier. The feedback 1s dominated by R2, while CZ de-
fines only one pole in the frequency response 1n the high
part of the spectrum. In case a microphone 1s used, there
is the opportunity of using unpowered microphones (1n such
case the input connector for the magnetic sensor 1s used)
or powered microphones. In the case of microphone with load
resistance on the cold pole, the milicrophone 1s connected to

the connector referred to as MICROPHONE CN3, the resistance

R11 (of the order of kQ) makes up the load and RMIC

represents only an in-seriles resistance to the microphone

power supply. In the case of microphone with load resis-
tance on the hot pole, the microphone 1s connected to the
connector referred to as MAGNETIC CNZ2 and the two poles of
the connector CN3 are to be short-circuited. In such condi-
tions resistance R1ll must be removed and resistance RMIC
makes up the load for the microphone. Capacity Cl0 and re-

sistance R15 determine the lower cut frequency, determining

the'frequency given by 1/(6.28 e C10 e R15) as the frequen-

cy value so that the stage gain 1s reduced to one. Resis-

e
p—

tance R1lZ2 and capacity C9 accomplish a high-pass filter of

the first order with cut frequency 1/(6.28 e C9 e R12), 1in
the case of R12 >> R5. The structure thus defined allows to

manage the frequency response and the input impedance 1n a

wide excursion field, acting on the wvalue of R11 and R1lZ
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for defining the 1nput 1mpedance, on the product value (RZ2
e C2) for defining the upper cut frequency (low-pass func-
tion) and on the wvalue of the product (R15 e Cl0) and of

the product (R12 e C9) for defining the lower cut frequen-
cy (high-pass function).

Figs. 8A and 8B represent two embodiments of the equa-
lisation stage. The reported configurations represent two
possible circuit solutions for obtaining different freguen-
Cy responses. Depending on the values of the resistive and
capacitive components 1t 1s possible to arrange as desired
the poles and the zeroes of the frequency response (see
figs. 8C and 8D), for meeting the requirements of the spe-
cific preamplification circuit. By associating with the

feedback network the network RC consisting of capacity C1l2

and of resistance R1l3, a high-pass function of the first
order 1s added, essentlal for removing acoustic problems

due to subsonic or low-frequency components. In the case of

fig. 8A capacity C13 (of the value of a few tens of pF) has
the purpose of creating a pole 1in the very high frequency
response, sS0 as to reduce the supersonic-fregquency noise

and increase stability, improving the behaviour in the re-

sponse to fast transients.

Figs. 9A and 9B schematically show the volume control
with logarithmic curve according to the invention. The two
configurations reported in fig. 9A (above and below)
represent the principle diagram and the application diagram
accomplished in the invention.

Operation 1s based on the addition, to the simple po-

P

tentiometric circuit referred to as Pl, of a load consist-

ing of a resistance R18, between the cursor of potentiome-

ter Pl and the reference. Depending on the ratio K between

—

the value of potentiometer Pl and resistance R18, a differ-
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ent logarithmic curve 1s obtained. According to the inven-

tion, the preferred chosen wvalues of the ratio K=P1/R18

range from 3 to 5. For the lower values of such ratio a

more linear curve is obtained, while with greater ratios a

more logarithmic curve 1s obtained. By removing resistance

R18 a linear curve 1s obtained.

Fig. 9B reports i1in the diagram the simulation of the
intervention of the potentiometer (in terms of rotation o

of the cursor thereof with respect to a full revolution of

360°) for the different selected values of K.

The response obtained with the sole potentiometer with
linear curve (upper curve) provides that already by the
first 1/4 of fevolution (90° of rotation of the potentiome-
ter knob) one arrives at a level of -12 dB; it is then ob-
tained a variation of 6 dB with the second 1/4 of revolu-

tion, a variation of 3.4 dB with the third 1/4 of revolu-

tion and a variation of only 2.5 dB with the last 1/4 of

revolution. In substance, the wvariation 1n terms of dB 1is
concentrated to a large extent on the first two 1/4 of rev-
olution (180° of rotation) and is not constant in the sub-
sequent two 1/4 of revolution.

Vice versa, the three responses obtalined with the se-
lection of the invention (the values highlighted by the ar-
rows refer to the case‘of K=4) with the first 1/4 of revo-
lution produce a level of -17 dB (values ranging between -
16dB and -18 dB depending on the wvalue of K); such value
represents a level which‘ begins to be clearly perceivable
acoustically, without being a difficult level to be accu-
rately set by the rotation of the potentiometer; 1n the
subsequent 3/4 of revolution of the potentiometer it can be

noticed how the variation for each 1/4 of revolution is ra-

ther constant and on average equal to about 6dB.

From an perceptive acoustic point of view, 3 dB of
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variation are little perceivable, while 6 dB of wvariation
are clearly perceivable: that means that, in the final 3/4
of revolution, the 3-dB wvariation, which corresponds to a
sort of fine tuning of the sound level, 1t 1s obtalned with
a rotation of 1/8 of revolution of the potentiometer, a
value which 1s c¢learly controllable manually. Therefore,
the particular response curve obtained with the configura-
tion choice of the 1nvention, allows to obtain a fine ad-
justment 1in the range from -18 dB to 0 dB. Vice versa, us-
ing a standard potentiometer with logarithmic curve, no
similar result would be obtained.

In the case of application of such circuilit to a subse-
quent amplification stage, to resistance R18 shall be sup-

plemented 1n parallel with a network consisting of the se-

ries of capacity Cl1l7 and of resistance R19, which is con-
nected to a virtual-zero point. The palr Cl7 and R19 deter-
mines the high-pass cut frequency, while the pair C18 and
R20 determines the low-pass cut frequency.

An advantage of such circult configuration lies 1in the
opportunity of setting a virtually arbitrary 1logarithmic
curve, starting from a linear potentiometer, notoriously
more accurate than a similar logarithmic potentiometer.
Moreover, the logarithmic curve thus obtained may be ap-
plied both to a clockwise and anti-clockwise rotation of
the potentiometer knob, so as to second users’ require-
ments.

Flg. 10 shows a circuit diagram of the adder stage,
where the two (or more) channels of the sound transducers
converge.

Due to a non-perfect construction repeatability of the
transducers and of the different acoustic response of the
various 1nstruments, 1t 1s necessary to be able to set the

maximum level for each of the channels. According to the
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invention, that 1i1s obtained by the addition, 1n series to
each input network RC (Cl1l7, R19), (C20, R22), (C21, R23),
a resilstive trimmer (P2, P4, P6); depending on the value of
such resistive trimmer, with respect to the wvalue of the
fixed resistance of the corresponding branch RC, a differ-
ent excursion of the maximum gain value 1s obtained. Such
value may vary between a few fractions of dB and a few tens

of dB, thus being able to compensate any transducer and any

musical 1nstrument. For example with R19 = 10 k€ and P2 =

5 kQ a variation of about 3.5 dB is obtained, with R19 =

10 k€ and P2 = 10 kQ a wvariation of 6 dB 1is obtained. In

order not to significantly alter the logarithmic curve the

following condition must be met: (P2 + R19) >> R18, (P4 +

R22) >> R21, (P6 + R24) >> R23, .... In any case the modulus
of the i1mpedance shown by capacities Cl17, C20, C21 must be

gh—

small with respect to the wvalues of resistances R19, R22,

RZ24.

It 1s thus possible to preset the maximum gain on each

channel, before the signal i1s then added through the (in-

v

~rting weighted) adder amplifier U3.

When the trimmer is set on the minimum value, maximum
gain 1s obtalned and, at the same time, a more specifically
logarithmic curve (a situation suited to the adjustment at

high volume levels). When the trimmer is set on the maximum

value, minimum galn 1is obtained and, at the same time, an
adjustment curve which draws closed to the linear-type

curve (a situation suited to the adjustment at low volume

levels, where the curve 1s more linear with respect to the

maximum volume condition).

Furthermore, by acting on the value of potentiometer
PW, arranged downstream of the wvarious channels, 1t 1is

possible to jointly vary the gain of all channels, 1in a
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perfectly identical manner. Similarly to the input circuits

to the adder, such value may vary between a few fractions

of dB and a few tens of dB, thus being able to adjust the

level of the output signal depending on requirements. For

example, with R20 = 10 kQ and PW = 5 k2 a variation of 3.5
dB is obtained, with R20 = 10 k€Q and Pw = 10 kQ a varia-

tion of 6 dB is obtained, with R20 = 10 kQ and Pw = 20 k{2

a variation of 9.5 dB 1s obtailned.

Another significant advantagelof this configuration of
the invention is given by the opportunity of 1ncreasing the
number of channels mutually added with no limitation. Mul-
tiple distinct modules can also be used and cause the sig-
nals to converge onto the same adder module.

Fig. 11 shows an alternative embodiment to the output
stage shown in fig. 10, wherein the output stage 1is ba-
lanced.

In the case of applications 1in which the greatest
possible immunity 1in the cable transmilission of the signal
is required, together with a very low irradiation of.elech
tromagnetic field in the proximity of the signal transmis-
sion cables, the use of a balanced line with differential
receiver 1s fundamental. According to the 1nvention, the
balanced output mode 1s obtained by adding an 1inverting
stage with unitary gain (U4, R24, Cl7, R25, with RZ24 = R25)
to the output stage 1ntegrated in the weighted adder (U3,
R20, C18). The two networks C19, R2Z26 and C23, R27 have the
purpose of uncoupling from the contilinuous current the two
output signals, mutually complementary. The presence of re-

sistances R26 and R27, of a wvalue of the order of a few

k€2, in addition to preloading capacities Cl19 and C23, make

the frequency response poorly dependent on the 1nput 1mped-

ance of the amplifier to which the device 1s connected. Re-
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sistances R28 and R29, of a value around the hundred of Q,
have the function of protecting amplifiers U3 and U4 1in
case of output short-circuit, in addition to avoiding the
oscillation due to 1nstability in case of loads with a sig-
nificant capacitive component, as 1in the case of long sig-

nal cables.

Finally, in figs. 12A and 12B the mechanical shielding
structure of the electronic unit according to the invention

1s schematically i1llustrated.

As a matter of fact, when, 1n an amplification cir-

cuit, high input impedance and a significant voltage/charge
ratio coexist, 1t 1s necessary to accomplish an effective
shielding from external electromagnetic fields.

The shielding i1s obtained by the joint action of a
metal cover (of tin-plated i1ron, for example with a paral-
lelepipedal shape), which fully covers the electronic cir-
culit on the upper side, and a copper-coated plate on the
lower side thereof. The two shieldings are electrically
connected with each other for accomplishing a sort of full
shielding, similar to a Faraday cage.

Both 1n order to improve the mechanical binding of the

connection cables with the elements outside the electronic

circulit, and to add a further shielding precisely in cor-
respondence of the welding points of the cables coming from
the transducers, a small-sized copper-coated plate is added
which, through a tab of elastic material, pushes the ini-
tial part of the connecting cables with the printed board
of the circuit.

As can be guessed from the above-reported description,

with the solution of the invention it is possible to

achieve a certain number of advantageous results over the

prior art.

Due to the particular input circult in a “charge am-
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plifier” configuration, there is the opportunity to mutual-

ly connect in parallel multiple sound transducers, without
altering the response thereof. At least one of the two 1n-

put circuits can be configured, both as a charge amplifier

“and also as a non-inverting amplifier with high input im-

pedance; perfectly adapted also as preamplifier for differ-

ent-type transducers such as microphones, magneto-dynamic
or varliable-reluctance transducers.
Power supply to the device may be accomplished in dif-

ferent ways: local battery with voltages ranging between 6

and 24 Volt, or single or dual (symmetrical or asymmetric-

al) remote power supply with overall voltage values ranglng

between 6 and 24 Volt, or power supply with “Phantom” tech-

nique for exploiting all the apparatuses which are provided
therewlith.

The output stage is active and at low impedance and 1s
hence able to correctly drive any reasonable load consist-

ing of the outer amplifier and of the shielded connecting

cable. The output connector allows to accomplish a diffe-

rential-type connection, so as to obtain a high immunity

- from frequency disturbances of the mains.

Finally, the mechanical structure of the envelope of
the electronic unit is accomplished by combining electric
shielding and magnetic shielding, such as to represent an
effective electro-magnetic shielding case.

With the amplification structure according to the 1n-
vention significant advantages over the prior art are

achileved.

Due to the charge amplifier circuit of the invention,

in the form of operational amplifier fed-back through a ca-

pacity, the actual transduction charge - voltage 1is ob-
tained which cannot be obtained with circuits of the type

FET impedance adapter follower. Moreover, with the solution
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described by the invention, the sensor operating at vir-

tually null voltage, there 1is the opportunity of mutually

connecting 1in parallel multiple piezoelectric sensors,

maintaining unaltered the charge - voltage function for

5 each one of the sensors, without any variation with respect
to the connection of any individual sensor.

However, it 1s understood that the invention is not

limited to the particular configurations 1llustrated above,

which make up only non-limiting examples of the scope of

10 the invention, but that a number of variants are possible,

all within the reach of a person skilled in the field,
without departing from the scope of the 1nvention.

For example, although i1n the description reference has

always been made to a guitar, the system of the invention
15 can be advantageously applied also to other string instru-
ments, such as violins, cellos, but also other instruments

with wvibrating parts such as xylophones, vibraphones and

percussions 1n general.
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CLAIMS

F

1. Sound detection system of a musical instrument with

vibrating parts, comprising at least a pair of sensors and
preamplification unit for processing the signal output from
the two sensors along respective channels, characterised in

that

at least one of the pair of sensors 1s a pilezoelectric

transducer and the other one of the pair of sensors is a

transducer of another type,

sald preamplification unit comprises, for each one of
the channels, an input stage, comprising an amplifier cir-

equalisation circuit, and an output stage com-

W

culit and an

prising at least a weighted adder circuit and at least two
volume controls with arbitrary logarithmic response curve,
and wherein

at least the input stage for the channel of said pie-
zoelectric transducer 1s a charge amplifier circuit and at
least one of the other input stages can be configured both
as a charge amplifier and as non-inverting amplifier with
high 1nput impedance, and wherein

said equalisation circuit comprises an RC circuit, and

wherein the output stage has an adder section of the

P

at least one pair of signal channels, defined providing a

resistive trimmer (P2, P4, P6) in series to each input net-
work (RC) of each channel to an adder amplifier (U3), so as

to obtain a different excursion of the maximum gain value

for each channel of said adder amplifier.

2. System as in 1, wherein said equalisation circuit,
1in the case of a channel of said other-type transducer
which 1s a accelerometric or magnetic transducer, comprises
also an analogic, almost integrator circuit, consisting of
an active circuit with pole + zero response.

3. System as in 1 or 2, wherein a volume adjuster is
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provided, for each channel, with logarithmic adjusting
curve, accomplished with a potentiometer circuit (Pl) with
linear variation curve and a load consisting of a resis-

P

tance (R18) arranged between a cursor of the potentliometer

5 (P1) circuit and a reference.

4. System as in 3, wherein the ratio between the value
of the potentiometer circuit (Pl) and the resilistance (R18)
circuit lies 1n the range between 3 and 5, so as to obtain
an adequate logarithmic-type variation curve.

10 5. System as in 1, wherein said output stage 1is ba-
lanced with the provision of an inverting amplifier stage
wilth unitary gain (U4, R24, R25, (C22) cascading with said
output stage integrated in saild adder amplifier (U3).

—

6. System as 1n any one of the preceding claims,

15 wherein said piezoelectric transducer is thin and with a
self-shielding structure from external electric fields and
configured to be arranged below a bridge of said stringed
musical instrument.

7. System as 1in any one of the preceding claims,

20 wherein said other-type transducer 1s accelerometric, of a
mass below 1 g and repositionable in any location of the

instrument and fastened there by low-tenacity (pressure

3

sensitive) adhesive.
8. System as 1n 7, wherein sailid accelerometric trans-
25 ducer is configured to be rotated by 180°, so as to be able
to obtain a signal phase displacement by 180° when interfe-
rence conditions arise with elision of the signals coming
from the pair of sensors.

9. System as 1n any one of the preceding claims,

30 wherein the signals coming from the pair of sensors are

mixed with an arbitrary ratio, being able to come also to

the full exclusion of either one of the two transducers.

10, System as 1n any one of the preceding claims,
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wherein components making up said preamplification unit are
substantially contained 1n an electrically and magnetically

shielded envelope.
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Multiple piezoelectric sensors

electrically connected in parallel
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