1 " MUSI CAL TONE SYNTHESI ZI NG APPARATU Descri ption Uoreg s
The present invention relates to a nusical tone syn- t hesi zi ng
apparatus which is adaptable to an elett roni ¢ musi cal instrumnent.

/MUSICAL TONE SYNTHESIZING APPARATUS

The present invention relates to a musical tone
synthesizing apparatus which is adaptable to an electronic
musical instrument.

The conventionally known electronic musical instrument
provides a waveform memory which pre-storeé a musical tone
waveform generated from a non-electronic musical instrument
(hereinafter, simply referred to as "acoustic instrument") and
the like. Then, the stored musical tone wavefprm is read from

A the waveform memory in response to an operation of a performer,
so that a musical tone is to be generated based on the read
musical tone waveform. In addition, the high-grade electronic
musical instrument carriés out certain operation on the read
musical tone waveform, or executes the process of synthesizing
plural musical tone waveforms. Thus, such high-grade
electronic musical instrument can reproduce the musical tone
with high fidelity.

Meanwhile, sounds actually generated by the above-~
mentioned acoustic instrument will be varied in accordance with
the performance tedhnique or environmental condition. In case
of the wind instrument such as the clarinet, its musical tone
waveform, even in the same scale, is varied in accordance with
the blowing intensity, so that the audience can feel such
variation of the generated musical tone waveform as the
variation of tone color. This phenomenon will be explained
later.

In order to reproduce the above-mentioned musical tone
waveforms full of variety with high fidelity, the electronic
musical instrument must provide the waveform memory capable of
storing many kinds of waveforms and opération means capable of
executing the complicated waveform processings. However, it is
difficult to embody such electronic musical instrument based on
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The conventional |y known el ectronic nusical instru- ment provides a
wavef orm nenory which pre-stores a nmusi cal tone wavef orm gener at ed
froma non-electronic musi cal=i nstrument (hereinafter, sinply
referred to as "acoustic instrument”) and the like.. Then, the
stored nu- sical tone waveformis read fromthe waveform nenory

I n response to an operation of a perforner, so that a nu- si ca

tone is to be gEnepated tasetrertomee theadbove~a@ntioned ditffiiecuddsyef orm | n
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certain operati on on tne read nusical tone waveform_ or executes

t he processnother copvengionedi insgrpmend] whish sodedfe amidiertane-Thus,

generation mechanism of the acoustic instrument to thereby
reproduce the musical tone gene:ated by the the acoustic
instrument without using the waveform memory.

Next, description will be given with respect to the
simulation model of the acoustic instrument and the musical
tone synthesizing apparatus using the simulation model in case
of the wind instrument.

Fig. 1 shows the most simple model of the wind instrument
consisting of a resonance tube 1 and a reed 2 made of elastic
materials. When the performer blows his breath 2A into the
reed 2, the reed 2 is bent due to breath pressure PA in the
inside direction of the tube 1 (i.e., direction 2F). Since the
reed 2 is elastic, the reed 2 is vibrated by the breath 2A. . As
a result, the pressure wave (i.e., compression wave) of air is
produced in the inside of the tube 1 .and reed 2. Then, such
compression wave F progresses toward a terminal portion 1lE of
the tube 1. Thereafter, the progressive compression'wave F is
reflected by the terminal portion 1lE so that reflected
compression wave R is occurred. This reflected compression
wave R is returned to the reed 2. Thus, the reed 2 is affected
by pressure PR corresponding to the reflected compression wave
R. As a result, the following pressure P is applied to the
reed 2.

P = PA - PR eee (1)

Thus, the reed 2 vibrates in accordance with the above-
mentioned pressure P and elastic characteristic thereof. Fig.
2 shows an example of the elastic characteristic of the reed 2,
i.e., relation between the pressure P (i.e., INPUT) and
displacement of the reed 2 (i.e., OUTPUT). As shown in Fig. 2,
the displacement of the reed 2 varies in connection with the
pressure with non-linear curve. If the pressure P reaches

certain saturation level, the displacement of the reed 2 does
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such hi gh-grade el ectronic nusical instrunent can re- produce the
misi cal tone with high fidelity. Meanwhi | e, sounds actually
generated by the above- nem3-oned acoustic instrunment will be
varied in accordance with the performance techni que or environ-
mental condition. In case of the wind instrunent such as the
cl ari net , PPEs V@dg¥i-cal tone waveform even in the sanme scale, is
varied in accordance with the blomﬁng i n- tensity, so that the
audi ence can feel uch var| tion ener at ed i cal 02e
éjF%. be

wavef orm as t hd™ ere t?‘eof"itqf?é“ﬁ?o‘% ne¥ b oHRR ofe
expl ai nedbeabmes equal to the Iresvraticd Erexprerity of hehebtube nkn{ whied

musi cal will be described later), the resonance phenomenon will occur
so that the large compression wave is obtained from the tube 1.
Due to such large compression wave, the wind instrument can
produce the sound.

More specifically, in the case where the air vibration is
occurred at the specific frequency (i.e., resonance fregquency)
determined by scale L of the air column of the tube 1, the
standing wave of the air compression wave is produced in the
direction of scale L (i.e., longitudinal direction of tube 1),
so that the large vibration is obtained in the tube 1. This
phenomenon is called as the foregoing "resonance phenomenon".

Next, description will be given with respect to the
relation between the above-mentioned scale L of the tube 1 and
wavelength of the standing wave. If both edges of the tube are
open as shown in Fig. 3 so that the air particles can freely
move at the edge portions of the tube,'amplitudes of the
compression waves F and R go maximum. In this case, the
reflected compression wave R has the inverse phase of the
progressive compression wave F at the terminal portion.
Therefore, wavelength "w" of the standing wave which is
produced in the tube 1 is indicated by the following formula
(2).

w = 2L/n eeas (2)

where n =1, 2, 3, ...

Fig. 3 shows three standing waves when n equals 1, 2, 3
respectively.

In contrast, when one edge of the tube is closed as shown
in Fig. 4 so that the air particles cannot move at the closed
edge portion of the tube, amplitudes of the compression waves F
and R become zero. Therefore, wavelength w of the standing
wave can be indicated by the following formula (3).
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tone waveforns full of variety with high fidelity, the el ec- tronic

musi cal instrument nust provide the waveform menory capabl e of
storing many kinds of waveforns -4-  and operation neans capabl e of
executing the conpli- cat ed wavef orm processi ngs. However, it is
difficult to enbody such electr?gic musi cal instrunent based on
t he conventioﬁﬂl=tééﬁﬁ?ﬁué§. )

,wheren=1, 2, 3, ...
Fig. 4 shows three standing waves when n equals 1, 2, 3

respectively.

when the air vibration having resonance frequency fn (as
indicated by the following formula (4)) is given to the tube 1
by the reed 2, the foregoing resonance phenomenon OCCurs in the
tube 1.

fn = c/w cee (4)

,where c represents propagation velocity of the
compression wave F, R.

Thereafter, since the reed 2 vibrates in synchronism with
the standing wave in the tube 1, the resonance is maintained in
the tube 1. More specifically, when the reed 2 is bent in
direction 2F, the progressive compression wave F is produced.
Then, this compression wave F is reflected by the termihal
portion 1E so that the reflected compression wave R is
produced. Thereafter, this reflected compression wave R bends
the reed 2 in direction 2R (which is the inverse of the
direction 2F) so that another progressive compression wave F is
produced. This wave F is reflected by the terminal portion 1lE
and then returned to the reed 2. Therefore, another reflected
compression wave R bends the reed 2 in direction 2F again.
Thus, reed 2 continues to vibrate in synchronism with
reciprocating motion of the compression wave (i.e., vibration
of the standing wave).

As described heretofore, the reed 2 vibrates in
synchronism with the standing wave of the compression wave in
the tube 1 so that the resonance is maintained and consequently
the wind instrument can generates the sound continuously.
Herein, the reed 2 vibrates in non-linear manner, so that the
compression waves F, R include higher harmonic components. In
addition, the tube 1 has a plenty of different resonance
frequencies as indicated in the foregoing formulae (2), (3).
Thus, it is possible to obtain the air vibrations having
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2 a In order to overcone the above-nentioned difficul- ty, Japanese
Patent Laid-Qpen Publication No. 63-40199 discloses another conventional
i nstrument which nodels on the toneSgeneration mechani smof the acoustic
i nstrument to thereby reproduce the nusical tone generated by the the

acoustic instrunent w thout using the waveform nenpry,
different resonance frequencies in the tube 1.

Fig. 5 is a block diagram showing an electric
configuration of the musical tone synthesizing apparatus which
is obtained by simulating the tone-generation mechanism of the
wind instrument as described heretofore. Incidentally, this
configuration as shown in Fig. 5 is not limited to the wind
instrument, but it is possible to apply this configuration to
other instruments such as the string instrument.

In Fig. 5, 11 designates a non-linear element which
simulates the operation of the reed 2, 12 designates a
resonance circuit which simulates the tube 1, and 13 designates
a subtractor which simulates the foregoing subtraction
operation (1) which is applied to the reed 2. This subtractor
13 subtracts an output signal of the resonance circuit 12
(corresponding to the foregoing reflected compression wave R)
from an input signal VA (corresponding to the foregding breath
pressure PA). Then, the subtraction result of the subtractor
13 is supplied to the non-linear element 1l.

According to the configuration as shown in Fig. 5, DC bias
is effected on the non-linear element 11 by the input signal
VA. Then, the output of the non-linear element 11 is supplied
to the resonance circuit 12. Thereafter, the output of the
resonance circuit 12 is supplied to the non-linear element 11
via the subtractor 13, so that the non-linear element 11 is
excited. Thus, the circuit shown in Fig. 5 carries out the
oscillation operation.

Herein, the non-linear element 11 is designed such that
its 1/0 characteristic will simulate the non-linear
characteristic of the reed 2. This non-linear element 11 can
be embodied by the known non-linear element such as the diode.
Or, the non-linear element 11 can be embodied by a read-only
memory (ROM) which stores the desirable non-linear function to
be read out. As described above, the 1/0 characteristic of the
non-linear element 11 can be designed to coincide with that of
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Next, description will be given with respect to the sinulation nodel of the
acoustic instrunent and the nu- sical tone synthesizing apparatus using the
simul ati on nodel in case of the wi ndbrnstrunent. Fig. 1 shows the nobst
simpl e nodel of the wind in- strunment consisting of a resonance tube 1 and

a reed 2 made of elastic materials. Wien the performer blows his breath 2A
into the rehe veedhe Thud, 2itsigcresgibleoter ehtpipy £heyPUTPARY Wavyeformi de

direction &f {;ﬂae hoRL1inkhreeleflbh€ClLORhZth. coineedekewittd thd vibmfiich
the reed 2 |bra d gg the _breath 2A. As a result, the pressure wave

(i.e., coﬂﬁ?%% oF®8fr is produced in the i nsi de

Fig. 6 illustrates several vibration waveforms of the reed
in the clarinet. As shown in Fig. 6, strongly-performed tone
and weakly-performed tone both belonging to the same musical
scale have different vibration waveforms so that these tones
are sounded in different tone colors in the wind instrument
such as the clarinet. Herein, the vibration waveform of the
weakly-performed tone is close to sine-waveform. On the other
hand, the level of the vibration waveform of the strongly-
performed tone is limited into the range defined by LL and LU
which are determined by the elastic limit of the reed, so that
the peak-portion of the vibration waveform of the strongly-
performed tone must be distorted as compared to that of the
sine-waveform. Such waveform distortion can be indicated by
the variation of the output waveform of the non-linear element
11 whose bias-point is varied by the input signal VA
corresponding to the breath pressure PA. .In case of the
weakly-performed tone, the bias-point of the non-linear element
11 is limited in certain linear range since the breath pressure
PA is relatively small, so that the output signal of the non-
linear element 11 has the waveform close to the sine-waveform.
In case of the strongly-performed tone, the bias-point of the
non-linear element 11 is in the non-linear range since the
breath pressure PA is relatively large, sé that the output
signal of the non-linear element 11 has the waveform including
a plenty of higher harmonic components.

Next, description will-be given with respect to the
resonance circuit 12 in detail. This resonance circuit 12 is
designed to correspond to the shape of the resonance tube of
the wind instrument to be simulated. Fig. 7 illustrates the
transmission-frequency characteristic of the resonance tube of
the clarinet, while Fig. 8 illustrates the transmission-
frequency characteristic of the resonance tube of the oboe. As

shown in Figs. 7 and 8, the transmission-frequency
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of the tube 1 and reed 2. Then, such conpression wave F progresses toward a
termnal portion 1 E of the tube 1. Thereafter, the progressive conpression
wave F is reflected by the term nal-Ppertion 1 E so that refl ected
conpression wave R is occurred. This reflected com pression wave R is

returned to the reed 2. Thus, the reed 2 is affected by pressure PR
cor r espon@heracteristic af dche dtuhere sthe windcinstrumentcbast a pienty

fol | owi Ng g QUK pTtforP el dorid¥pds®ing to each of the resonance

P=PA- PR ich él) Thus, th reed 2 V|géatgs I n accordance

with the gmﬁﬂgencies which are ‘determin by the tu shape.
Incidentally, the relation between the resonance frequency and
tube shape can be indicated by the foregoing formulae (2), (3).
Thus, the air vibration produced by the reed of each wind
instrument is applied to the resonance tube, so that each wind
instrument can generate the sound having the specific and

unique tone color.

Fig. 9 illustrate the circuit which is obtained by
simulating the transmission-frequency characteristic of the
tube portion of the wind instrument. This circuit shown in
Fig. 9 can be used as the foregoing resonance circuit 12 shown
in Fig. 5. 1In Fig. 9, DF; to DF,, DR; to DR, designate delay
circuits each configured by the multi-~stage shift register
(having three stages or more in general). These delay circuits
simulate the transmission delay of the compression wave in the
tube. Herein, the delay circuits DF,, DR, correspond to the
tube portion which is the closest to the reed 2, while DF,, DR,
correspond to the tube portion which is the closest to the end
portion 1E. The delay circuit DF; inputs the output signal of
the non-linear element 11 shown in Fig. 5, whereas the
subtractor 13 inputs the output signal of the delay circuit

DR,,.

Ji, Jp in Fig. 9 designate junction circuits each
simulating the scattering of compression wave which occurs at
the portion of connecting two tube portions each having the
different diameter in the resonance tube of the wind
instrument. Herein, each junction circuit "J" is designed as
"four-multiplication-grid" consisting of multipliers M; to My
and adders Ay, Ay. 1In the junction circuit, "1l+kn", "-kn", "1-
kn", "kn" designate coefficients which are multiplied by the
input signals of the multipliers M; to My. These coefficients
are determined in response to the signal scattering
characteristic of the wind instrument. Then, the signal
transmission is made by the junction circuits among the
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nmenti oned pressure P and el astic characteristic thereof. Fig. 2 shows an
exanpl e of the elastic characteristic of the reed 2, i.e., relation between
the pressure P (i.e., -8- 3

neighboring delay circuits. For example, the output signal of
the delay circuit DF; is sent to the delay circuit DF, via the
multiplier M; in the junction circuit J,, while the output
signal of the delay circuit DR,_; is sent to the delay circuit
DR, via the multiplier M3 in the junction circuit Jl.

Instead of the above-mentioned junction circuit, the
foregoing Japanese Patent Laid-Open Publication No. 63-40199
discloses the junction circuit designed by "three-
multiplication-grid" as shown in Fig. 10. 1In Fig. 10, Mg to My
designate multipliers, Az to Ag designate adders and IV2
designates an inverter. In addition, "kn" designates a
coefficient which is multiplied by the input signal of the
multiplier M. Similarly, "gm" and "1/gm" designate
coefficients which are respectively multiplied by the
multipliers Mg, Mg. Herein, the coefficient gm is determined
by the following formula (5).

gn = [(1-kn)/(1+kn)]0-5
By setting. the coefficient as described above, the transmission
gain is regulated.

In Fig. 9, TRM designates a terminal circuit which
simulates the terminal portion 1lE of the resonance tube 1.
Herein, the output signal of the non-~linear element 11 is
passed through the delay circuits DF; to DF, and junction
circuits J;, Jo ... and then supplied to the terminal circuit
TRM. ML designates a multiplier which simulates the energy
loss which is occurred when the compression wave is reflected
by the terminal portion 1lE. This multiplier ML multiplies the
output signal of the delay circuit DF, by certain loss
coefficient gl, and then the multiplication result is supplied
to a phase inverter IV. This phase inverter IV simulates the
phase inversion which is occurred between the reflected wave
and progressive wave when the terminal portion 1lE is not closed
but opened. Therefore, when the terminal portion 1E is closed,
the phase inverter IV is not required. Then, DC components of
the output signal of the phase inverter IV is removed by DC
removing circuit DCB. Thereafter, the output signal of the DC
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| NPUT) and di spl acement of the reed 2 (i.e., OUTPUT). As shown in Fig. 2,

t ke di spl acenent of the reed 2 varies in connection with the pressure with
non-linear curve. |If the pressure Rg-eaches certain saturation |level, the
di s- placenent of the reed 2 does not vary. In the case where the

vi bration frequency of the reed 2 becones equal to the resonance frequency
of the twemovifghicdhronii 068 des crippkdiediter )the hdelay orbrcel t pByenenon
will occu e ! biga n oyt b

Bue 0 suthPapipyl S1GHALS £GP bugilifed oo % mﬁ‘?d%ﬁnﬁr%‘éa‘e*e‘ the
sound. Fig. 5 via the delay circuits DR, to DR; and the junction

circuits Jo, J1, ...

The sum of delay times of the delay circuits DF; to DF,,
DR; to DR, is determined in response to the frequency of the
musical tone to be sounded. Actually, the propagation velocity
required when the progressive compression wave F propagates
from the reed to the tube end portion coincides with the
propagation velocity required when the reflected compression
wave R propagates from the tube end portion to the reed in the
wind instrument. For this reason, the circuit shown in Fig. 9
is designed such that the sum of delay times of the delay
circuits DF; to DF, is set equal to the sum of delay times of
the delay circuits DR; to DR.

As described heretofore, the non-linear element 11 and
resonance circuit 12 shown in Fig. 5 are designed by simulating
several portions of the wind instrument. By using the circuit
shown in Fig. 5, it is possible to synthesize the desirable
wind instrument tone. In case of the string instrument such as
the guitar other than the above-mentioned wind instrument, the
non-linear element 11 is designed in respbnse to the elastic
characteristic of the string and the resonance circuit 12 is
designed in response to the length of the string, by which the
circuit shown in Fig. 5 can simulate the string instrument
tone. Meanwhile, it is possible to make the reverberation
effect applying apparatus by use of the above-mentioned
resonance circuit, for example.

Meanwhile, in the case where the operation of the musical
tone synthesizing apparatus is embodied by operational '
processes executed by signal processors, the convenfional
musical tone synthesizing apparatus uses the foregoing four-
multiplication-grid or three-multiplication-grid as the
junction circuit, which thereby increases the times of carrying
out the multiplication in each junction circuit. Therefore, in
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More specifically, in the case where the air vibration is occurred at the
specific frequency (i.e., resonance fre- quency) determ ned by scale L of
the air colum of the tube 1, the sifnding wave of .the air conpression
wave is produced in the direction of scale L (i.e., |ongitudinal

di rection of _tube légbso t hat éhe | ar e vibraﬁlon I s ot ai ned ﬁéﬁg t ube
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configuration must be complicated. Instead of the foregoing
grid circuits to be used as the junction circuit, it is
possible to use other circuits as various junction circuits
having various transmission characteristics. In this case, it
is possible to obtain the variation of the signal processings
by varying the coefficient to be used in each multiplier
included in the junction circuit.

Next, description will be given with respect to the'
conventional reverberation effect applying apparatus by
referring to- Fig. 11. 1In Fig. 11, SF; to SF3, SR; to SRj
designate shift registers each simulating the transmission
delay of reverberation tone; IV1A to IV3A, IV1B to IV3B
designate inverters; MA; to MA3, MB; to MBz designate
multipliers each simulating the attenuation of reverberation
tone; and AlA to A3A, AlB to A3B, Al123, B123 designate adders
each simulating the convolution of the reverberation tones
which are convoluted in the acoustic space. In addition, each
of three pairs of the shift registers SF;, SR;y; SFy, SRy; SFg3,
SRz corresponds to the transmission path of one reverberation
tone in the acoustic space. Further, the number of stages of
each shift register (represented by numerals Ny, Ny, N3) is
determined in response to the transmission delay time of the
transmission path of reverberation tone to be simulated.

Next, description will be given with respect to the
operation of the above-mentioned reverberation effect applying
apparatus. In Fig. 11, the input signal corresponding to the
musical tone is applied to the adder B123, and then the output
of the adder B123 is supplied to the shift registers SF,, SF,,
SFg via the adders AlA, A2A, A3A respectively. The input
signal of the shift register SF; is delayed by the
predetermined delay time and then inverted by the inverter
IViB. The output of the inverter IN1B is supplied to the shift
register SR; via the adder AlB, wherein it is delayed by the
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air particles can freely nove at the edge portions of the tube, anplitudes
of the conpression waves F and R go maximum In this case, the reflected
conpression wave R has the inverselphase of the progressive conpression
wave F at the terminal portion. Therefore, wavelength "w' of the standing

wave which is produced in the tube 1 is indicated by th I |
(2). predetermined delay tjmeoin,the shift regié%er‘%%ﬁ%lomnng &ﬁ;?glﬁ

r:eiioegi i \:i'lgllé;i:‘gaféeﬁboﬂﬁet Baeputt aRditRe WRIEE WegisteaqsRys ils £2d back to
thé adder AlA via the inverter IV1A. Thus, the loop consisting
of these elements AlA, SF,, IV1iB, AlB, SRy, IV1A simulates the
reverberation tone which transmits forth and back in the
transmission path. Similarly, other loops consisting of the
shift registers SF,, SR,, SF3, SRy etc. simulate other

transmission paths.

Meanwhile, the outputs of the shift regiSters SFy, SF,,
SF5 are multiplied by loss coefficients aj;, aj;, ag in the
multipliers MA;, MA,, MAg respectively. Then, outputs of the
multipliers MA; to MAg are added together in the adder Al23.
The output of the adder A123 is delivered to the adders AlB,
A2B, A3B respectively. On the other hand, the outputs of the
shift registers SR;, SR, SRz are multiplied by loss
coefficients by, by, bg in the multipliers MB;, MB,, MBj
respectively. Then, the outputs of the multipliers MB; to MBj
are added together in the adder B123. The output of the adder
B123 is delivered to the adders AlA, AZA, A3A respectively.
Thus, the signal which propagates each shift register is
attenuated, which simulates the attenuation of the
reverberation tone. As a result, the adder Al123 can output the
musical tone to which the reverberation effect is applied.

Meanwhile, the foregoing musical tone synthesizing
apparatus as shown in Fig. 9 provides the delay circuits DF; to
DF,, for the progressive compression wave and other delay
circuits DR; to DR, for the reflected compression wave, wherein
the delay times are set equal in both of DF and DR. Therefore,
the number of the delay circuits to be provided'must be
increased in response to the kind of the musical tone to be
simulated. This enlarges the hardware of the musical tone
synthesizing apparatus. In addition, when the musical
synthesizing operation is carried out by the operation of the
signal processor, the times of accessing the memory must be
increased. Further, the musical tone is not sounded until the
output signal of the non-linear element passes through the

I
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In contrast, when one edge of the tube is closed as shown in Fig. 4 so that
the air particles cannot nove at the cl osed edge portion of the tube,
anplitudes of the -1~

delay circuits DF; to DF,, which deteriorates the real-time
operation of synthesizing the musical tone.

Lastly, Fig. 12 shows another conventional musical tone
synthesizing apparatus which simulates the tone-generation
mechanism of the wind instrument. In Fig. 12, 21 designates a
read-only memory (ROM), 22 designates an adder, 23 designates a
subtractor, and 24, 25, 26 designate multipliers, all of which
configures an excitation circuit 20 which simulates the
operations of mouth-piece and reed of the wind instrument such
as the clarinet.

Next, description will be given with respect to stored
information of the ROM 21. Of course, the wind instrument is
performed by that the performer holds the mouth-piece in his
mouth and then blows his breath into the gap between the mouth-
piece and reed. 1In this case, the sectional area of the above-
mentioned gap is varied in response to the sum of the air
pressure in the gap and reed pressure (which is called
"Embouchure" in French) applied to the reed when the performer
holds the mouth-piece in his mouth. The relation between the
whole pressure applied to the reed and the sectional area of
the gap is set based on the elastic-characteristic of the reed,
so that non-linear relation will be established between them.
The ROM 21 stores a non-linear function table representative of
the relation between the reed pressure (i.e., input PP) applied
to the reed and the sectional area (i.e., output S) of the gap.
Herein, based on input data PP corresponding to the reed
pressure to be used as the address, the output data S
corresponding to the sectional area of gap can be read from the
table.

27 in Fig. 12 designates a filter which simulates the
transmission characteristic of the resonance tube of the wind

instrument.

In Fig. 12, the subtractor 23 receives information P
representative of the blowing pressure applied to the wind
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conpressi on waves F and R becone zero. Therefore, wavel ength w of the

st andi ng wave can be indicated by the following fornmula (3).

w = 4L/ (2n-1) (3) =13- Where n 1, 2, 3, Fig. 4 shows three
standi ng waves when n equals 1, 2, 3 respectively. When the air

forml ??m?é‘&&%&éié’ﬂéﬂiﬁﬁ%éﬁ 0 of Skl 5 e ISR Mt

phe- nonefwFoBRatisni § E8erbeponds to the compression wave which
inversely flown into the mouth-piece from the tube of the wind
instrument. The subtractor 23 subtracts the information g from
the information P to thereby output information A P
representative of the pressure in the mouth-piece. Then, the
adder 22 adds the information A P with information E
corresponding to the foregoing reed pressure applied to the
reed when the performer holds the mouth-piece in his mouth.
Thus, the adder 22 outputs information PP representative of the
whole pressure applied to the reed. This information PP is
supplied to the ROM 21.

Then, the ROM 21 outputs information S corresponding to
the sectional area of gap to the multiplier 25. Meanwhile, the
multiplier 24 multiplies the information A P with "-1" to
thereby output "-/] P" to the multiplier 25. Herein, the
pressure information A P represents the pressure of the
progressive compression wave which directs from the reed into
the tube, while "-4 P" representé the pressure of the reflected
compression wave which directs from the tube end to the reed.
Due to the multiplication carried out by the multiplier 24 by
use of the multiplication coeffiéient "-1", the above-mentioned
pressure information A P is converted into -A P. In the
multiplier 25, the information S corresponding to the sectional
area of the gap formed between the mouth-piece and reed is
multiplied by the information -A P corresponding to the gap
pressure applied to the gap, so that multiplication result FL
is obtained. This information FL corresponds to the flow
velocity of the air-flow which passes through the gap.

Then, the multiplier 26 multiplies the above-mentioned
information FL by information G representative of the flow-
resistance which avoids the air-flow passing through the inlet
of the tube (i.e., the portion near the reed-mounting-portion
of the tube). Thus, the multiplier 26 outputs information X
representative of the pressure of the progressive compression
wave which progresses into the tube. This information X is

-l
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fn =rTc/w - (4) ,Where c represents propagation
vel ocity of the conpression wave F, R Thereafter, since the reed 2
vibrates in synchronismwth the stifdi ng wave in the tube 1, the resonance
hs nalntalged in the tube 1. More specifically, when the reed 2 is bent in
Irection 2F, the progressive conpres- sion ve F i.s orod Then, this
conpressi%#PDb@%@FEPsghﬁfféé?ﬁﬁ 8 'tﬁ€°WeWH?#§ItBGrFP§ 4% glf%al the re-
flected Cﬁ@@f&ééhﬁatmeoﬁ tﬁeppedseaf}e dlfethal adir-fllows whdidhe dnstersely
co e
mpr SSIEﬂoxgvgowargngﬁethged %putted to the subtractor 23.
Thereafter, as described before, the information X is obtained

from the multiplier 26 and supplied to the filter 27.

As described heretofore, the information corresponging to
the pressure of the air-flow is circulated in the closed-loop
consisting of the excitation circuit 20 and filter 27. In
short, the resonance operation is carried out in such closed-
loop. Then, based on the musical tone information picked up
from the predetermined node of the filter 27, the musical tone
is to be generated.

The above-mentioned conventional musical tone synthesizing
apparatus as shown in Fig. 12 is suitable to the wind
instrument (such as the clarinet or saxophone) in which the
reed movement depends on the pressure A P at the gap formed
between the mouth-piece and reed. However, such conventional
apparatus cannot be applied to the brass instrument such as the
trumpet which utilizes the performer's lip as the reed, wherein
the performer's lip is called "lip reed". The reasons are
described below.

In the case where the lip opening degree is relatively
small when using the lip reed, the mouth-inside pressure forces
the lip to open, while the air pressure applied from the tube
(hereinafter, simply referred to as fube-side pressure) forces
the 1lip to close. However, if the lip opening degree becomes
relatively large, the tube-side pressure does not affect the
lip movement anymore. In short, in case of the lip reed, when
the mouth-inside pressure and tube-side pressure are varied,
the lip opening degree must be varied even if the pressure
difference between them is not changed. Therefore, it is not
possible to directly determine the lip opening degree based on
the pressure difference between the mouth-inside pressure and
tube-side pressure. For this reason, there is a problem in
that the conventional apparatus cannot synthesize the musical

e

eet Has Been Replaced

T



direction 2R (which is the inverse of the direction 2F) so that another
progressive conpression wave F is pro- duced. This wave F is reflected by
the termnal portion 1 E and then #®bdrned to the reed 2. Therefore,

anot her reflected conpression wave R bends the reed 2 in di- rection 2F
again. Thus, reed 2 continues to vibrate in synchronismwth reciprocating
nmot i on oftaree abrthesbrasgnipgbrument. vibration of the standi ng wave).

It is accordingly a primary object of the present
invention to provide a musical tone synthesizing apparatus
capable of carrying out the signal processings full of variety
on the musical tone.

It is another object of the present invention to provide a
musical tone synthesizing apparatus capable of synthesizing the
musical tone in real-time manner.

It is still another object of the present invention to
provide a musical tone synthesizing apparatus capable of
synthesizing the musical tone of the brass instrument.

In a first aspect of the present invention, there is
provided a musical tone synthesizing apparatus comprising:

(a) excitation means for outputting an excitation signal
based on an input signal and a feedback signal; and

(b) bi-directional transmission means for transmitting the
excitation signal outputted from the excitation means to a
terminal portion as a progressive wave signal and also feeding
back the progressive wave signal reflected by the terminal
portion to the excitation means as a reflected wave signal,

wherein a musical tone signal on which a synthesizing
operation is effected is obtained by setting the excitation
means and the bi-directional transmission means at resonance

states.

In a second aspect of the present invention, there is
provided a musical tone synthesizing apparatus comprising:

(a) excitation means for generating an excitation signal
based on an input signal corresponding to a performance
operation and its feedback signal;

(b) signal transmission means for transmitting the
excitation signal back to the excitation means as a feedback
signal with a predetermined delay time,

wherein a signal circulated in a loop consisting of the
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5 * As described heretofore, the reed 2 vibrates in syn- chronismwth
the standi ng wave of the conpression wave in the tube 1 so that the
resonance i s maintai ned and consequd®y the w nd instrunment can generates
t he sound continuously. Herein, the reed 2 vibrates in non-|inear nmanner,

so that the conpression waves F,. R i.nclude hi gher harnonic co nents._In
addi t i on, exgétathen] mpans; apde gigngl diqaf"é“&ﬁgs Jipaie f% uen%‘fe‘ép as

a musical tone signal on which a synthesizing operation is
effected. '

Further objects and advantages of the present invention
will be apparent from the following description, reference
being had to the accompanying drawings wherein preferred
embodiments of the present invention are clearly shown.

In the drawings: '

Fig. 1 is a conceptual view showing the construction and
operation of the wind instrument to be performed;

Fig. 2 shows non-linear elastic charagteristic of the
reed; .

Figs. 3, 4 show models for explaining standing waves in
the resonance tube;

Fig. 5 is a block diagram showing an electric _
configuration of the conventional musical tone synthesizing
apparatus which simulates the operation of wind instrument;

Fig. 6 shows vibration waveforms produced by the reed in
the clarinet;

Fig. 7 shows the transmission-frequency characteristic of
the resonance tube of the clarinet;

Fig. 8 shows the tfansmissionffrequency characteristic of
the resonance tube of the oboe;

Fig. 9 is a block diagram showing detailed cbnfiguration
of the resonance circuit shown in Fig. 5;

Fig. 10 is a circuit diagram showing the detailed
configuration of the junction circuit shown in Fig. 9;

Fig. 11 is a block diagram showing the electric
configuration of the conventional reverberation effect applying
apparatus using the conventional musical tone synthesizing
technique;

Fig. 12 is a block diagram showing another conventional
musical tone synthesizing apparatus;

Fig. 13 is a block diagram showing the musical tone
synthesizing apparatus according to a first embodiment of the
present invention:;

Figs. 14A to 14C are circuit diagrams each showing the
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as indicated in the foregoing formulae (2), (3). Thus, it is possible to
obtain the air vibrations having different resonance frequencies in the
tube 1. Fig. 5. is a block diagriédmn showi ng an el ectric con- figuration
of the mnusical tone synthesizing apparatus which is obtained by sinulating

fore. I no PR HFR A Gt e P Led Nt 1elSREHaBuRE Fod o
the wind instrotegnt 15Huls ia blogloshidgman cshapping tthe mesicglr tonen to
e e SRS U Al 6 Whoona ehfofient: of! e
present invention;
Figs. 16A, 16B are block diagrams each showing the
detailed configuration of the resonance circuit shown in Fig.
15;
Figs. 17A to 17C are circuit diagrams each showing the
multiplication-grid;
Figs. 18 and 19 show operational processes to be executed
by the second embodiment;
Fig. 20 shows the model of tube construction of another
wind instrument; :
Fig. 21 - shows operational processes corresponding to the
tube construction shown in Fig. 20;
Fig. 22 is a block diagram showing the reverberation
effect applying apéaratus according to the present invention;
Fig. 23 is a block diagram showing the musical tone
synthesizing apparatus according to a third embodiment of the
present invention;
Fig. 24 is a graph showing the stored contents of non-
linear table shown in Fig. 23;
Fig. 25 is a block diagram showing a modified example of
the third embodiment; and '
Fig. 26 is a block diagram showing another modified
example of the third embodiment.

Next, description will be given with respect to preferred
embodiments of the present invention. '

[A] FIRST EMBODIMENT

Fig. 13 is a block diagram showing the electric
configuration of the musical tone synthesizing apparatus
according to the first embodiment of the present invention. In
Fig. 13, 101 designates a musical tone control information
generating circuit which generates musical tone control
information (representative of the scale, blowing intensity,
note-on event, note-off event etc.) in accordance with the

-
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sinmulates the operation of the reed 2, 12 designates a resonance circuit
whi ch sinmul ates the tube 1, and 13 deS|gnates a subtractor which sinul ates
t he foregoing subtraction operatlow¥ﬁj which is applied to the reed 2.

This subtractor 13 subtracts an output signal of the res- onance circuit 12

ut o oABeuKad SRR 1AF (Rt catt T SRR e rbvided 8,
tlhe sutat ; able Qﬂrfdesuidté:ﬁﬁnéd‘le (NoY rehgva) 13 1rs adqitmmedl‘@% degigoatesnear
el enen ar di

‘s effect é‘& sxrGita %:ﬁ. cr}.ck‘éu%‘.é r&n&ﬁﬁ%a&f A @5nSDNEas Neléflent. 1PE bi as

near ele f
and a subtractor 113 similar to 11, 13 shown in Fig. 5. The

non-linear element 111 receives the information representative

of the blowing intensity from the musical tone control
information generating circuit 101 as DC bias VA.

103 designates the resonance circuit which simulates the

resonance tube of the wind instrument. Herein, the resonance
frequency of the resonance circuit 103 is changed over in
accordance with the scale information supplied from the musical
tone control information generating circuit 101. The change-
over control of resonance frequency can be carried out by
changing over the number of substantial states of the delay
circuits DF,, DF,, DRy, DRy etc. in the resonance circuit 103.
As the most simple method of carrying out such change-over
control of resonance frequency, it is possible to provide
switching means such as the selector and the like (not shown)
by which the non-linear element 111 to be connected to any one
of the delay circuits DF is selectively connected to the delay
circuit DFi (where i= 1, 2, ...) and the subtractor 113 to be
connected to any one of the delay circuits DR is selectively
connected to the delay circuit DRJ (where j=n, n-1, ...). In
Fig. 13, the closed-loop is established among the non-linear
element 111, resonance circuit 103, subtractor 113, wherein the
signal is circulated in the order: 111 -> 103 -> 113 -> 111.
However, there remains a possibility in that the closed-loop is
in the self-running oscillation condition due to the noises.
In order to avoid such self-running oscillation condition, the
non-linear element 111 is'set in the enable state at the note-
on timing, i.e., the non-linear element 111 is not set in the
enable state at the note-off timing.

JA;, JAy, ... designate junction circuits each of which
can be constructed by the grid circuits other than the
foregoing four-multiplication-grid and three-multiplication-
grid. More specifically, each junction circuit can be

-
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input‘signal VA. Then, the output of the non-linear ele-
6: :

-19-

constructed by two-multiplication grid (see Fig. 14A), one-
multiplication-grid (see Fig. 14B) or four-multiplication-
regulated-grid (see Fig. 14C).

Incidentally, all of the four-multiplication-grid (see
Fig. 9), three-multiplication-grid (see Fig. 10), two-
multiplication-grid (see Fig. 14A), one-multiplication-grid
(see Fig. 14B) and four-multiplication-regulated-grid (see Fig.
14C) have the same transmission characteriétic when the
coefficient in each grid is constant. In other words, even if
any one of the grids is used as the junction circuit JA in Figq.
13, the same musical tone output can be obtained.

However; in order to carry out the signal processings in
the present musical tone synthesizing apparatus by carrying out
the operation of the digital signal processor, the times of
carrying out the multiplication operation can be reduced by
using the two-multiplication-grid (see Fig. 14A) and one-
multiplication-grid (see Fig. 14B) as compared to the four-
multiplication~grid or three-multiplication-grid. Therefore,
by using such grid as the junction circuit, it is possible to
release the operation capacity and processing speed required in
the digital signal processor.

Meanwhile, the transmission gain is regulated in the four-
multiplication-regulated-grid shown in Fig. 14C. For this
reason, by using the four-multiplication-regulated-grid as the
junction circuit, it is possible to avoid the event in that the
signal level at each point in the resonance circuit 103 becomes
extremely small or large. Therefore, the four-multiplication-
regulated-grid can simplify the the level adjustment of the
signal in the resonance circuit 103.

In the above-mentioned junction circuit, it is possible to
vary the transmission characteristic of the junction circuit by
independently varying the coefficient of each multiplier. By
using the grids as shown in Figs. 14A, 14B other than the four-
multiplication-grid and three-multiplication-grid as the
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ment .11 is supplied to the resonance circuit 12. There- after, the output
of the resonance circuit 12 is supplied to the non-linear elenent 11 via
the subtractor 13, so that the non=Z0rear el ement 11 is excited. Thus, the
cir- cuit shown in Fig. 5 carries out the oscillation operation.

Herein, the non-linear elenent 11 is desi gned that its, 1,0

char act er JYRFELRR Ci¥cwiitat 4% S P&?ﬁ’iiﬁ@al grtq;wif%}[%r“?%" cksjol?é? HRErERG 2.
Thi ﬁ non; Iﬁkag_gfué%lsﬁmbh&t : mz’lﬂifswdmd:iEd:rbj Furetdonvwcincul € neaBy eusimgt
such as i,ode. , on- Li.neafr t '

r ead- onl ytﬁﬁnwifﬁgef’ mﬁélaﬁ &hgs%t%g:t e%s;‘{1 rcailbjlljcel&?iéc}n% ﬁg&arﬂ é un%?%%%t?o be

read out.cAxrgeout the delicate musical tone control.

Incidentally, the first embodiment provides the delay
circuits'DFl, DF, etc. for the progressive wave signal and
other delay circuits DR;, DR, etc. for the reflected wave
signal, all of which have the same delay time. However, it is
possible to modify the present invention such that different
delay times are used for the delay circuits DF, DR
‘respectively. In this case, by setting the sum of the delay
times of the modified example to be identical to that of the
delay times of the first embodiment, it is possible to generate
the same musical tone output in both of the modified_example
and first embodiment.

In addition, the present embodiment disclOses_the musical
tone synthesizing apparatus which simulates the wind
instrument. However, it is poSsible to apply the present
invention to the reverberation effect applying apparatus and
the like. Further, in the present embodiment, both of the DC
bias VA and feedback signal from the resonance circuit 103 are
supplied to the non-linear element 111 via the subtractor 113.
Instead, it is possible to use the non-linear table to which
the DC bias VA and feedback signal are directly supplied.

[{B] SECOND EMBODIMENT

Next, description will be given with respect to the second
embodiment of the present invention. Fig. 15 is a block
diagram showing electric configuration of the musical tone
synthesizing apparatus according to the second embodiment of
the present invention. '

In Fig. 15, 201 designates a musical tone control |
information generating circuit which generates musical tone
control information (representative of the scale, blowing
intensity, note-on event, note-off event etc.) in accordance
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scri bed above, the I/O characteristic of the non-linear element 11 can be
designed to coincide with that of the reed. Thus, it is possible to obtain
the output waveform of the non- | i me&%— el ement 11 which coincides with the
vi brati on waveform of the reed. Fig. 6 illustrates several vibration

T St st RS Sr o5 Sach Fmip o Be-Brac REABRL Po';

scal e hagrdiifided &t thdreindninaveundént ngnet shawnhesdnt adddtion,s@02ded

. he AR S g S BEBEEL T o Sacbh chaciad aogre
can be constructed by the forego g non-linear element 11 and
subtractor 13 as shown in Fig. 5. However, in the second
embodiment, this excitation circuit 202 is constructed by a
non-linear table 202a which is constructed by the ROM from
which the excitation signal is read based on the input VA,
output signal of a resonance circuit 203 and musical tone
control information from the circuit 201. Herein, the
information representative of the blowing intensity is supplied
to the non-linear table 202a from the musical tone control
information generating circuit 201 as the DC bias VA. The _
resonance circuit 203 simulates the resonance tube of the wind
'instrument to be performed. The resonance frequency of this
resonance circuit 203 is changed over by the information
representative of the scale supplied from the musical tone
control information generating circuit 201. As described _
before, the change-over control of the resonance frequency can
be carried out by changing over the switching means such as the
selector by which the number of stages of delay circuits is
changed.over. Further, in order to avoid the self-running
oscillation of the closed-loop consisting of the non-lihear
table 202a and resonance circuit 203 due to the noises, the
non-linear table 202a is set in the enable state at the note-on
timing only as described before.

Figs. 16A, 16B show the concrete configurations of the
resonance circuit 203. As junction circuits JU,;, Ju, etc., it
is possible to use the two-multiplicatioh—grid (see Fig. 17a),
one-multiplication-grid (see Fig. 17B) and four-multiplication-

- regulated-grid (see Fig. 17C) other than the foregoing four-
multiplication-grid. The resonance circuit as shown in Fig.
16A provides delay circuits DFA;, DFA,5, ... for the
transmission path of the progressivé wave signal, while another
resonance circuit as shown in Fig. 16B provides delay circuits
DFBy, DFB,, ... for the transmission path of the reflected wave
signal. In order to obtain the same musical tone output of
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I's cl.ose to sine-waveform On the other hand, the level of the vibration
waveform of the strongly-perforned tone is limted into the range defi ned
by LL and LU which are determined by22-he elastic limt of the reed, so that
t he peak-portion of the vibration waveform of the strongly- perforned tone

i st or t1 o 18an Fe PRI AEKAH] THhRa &% e O PBCLTRIDET R A (obER ol h EFSEne

non- | i nean epl,eNEE mubktVins adspsctively idoubleddadycompared to those of
the delay circuit DF, DR in Fig. 9. By setting such delay
times for the delay circuits DFA, DFB, the resonance circuits
shown in Figs. 16A, 16B can have the same transmission-
frequency characteristic of the resonance circuit shown in Fig.
9. In the resonance circuits of Figs. 16A, 16B, the number of
delay circuits to be required can be reduced to half of the
number of delay. circuits required in the conventional resonance
circuit shown in Fig. 9. Further, in case of the resonance
circuit shown in Fig. 16B, the output signal of the non-linear
table 202a is directly transmitted to the terminal circuit TRM
without passing through the delay circuits so that the musical
tone can be immediately generated when the performer starts to
generate the musical tone.

Next, description will be given with respect to an example
in which the signal processing of the resonance circuit in the
present musical tone synthesizing apparatus is carried out by
the digital signal processor. In general, high-speed
processing is required in the digital signal processor so that
the digital signal processor normally carries out the operation
based on the pipe-line operation method. In such method, fetch
operations of plural micro-instructions and plural operational
stages are executed in parallel in time-overlapping manner so
that the signal processing can be carried out with high speed.
However, in the case where the output of certain junction
circuit is directly transmitted to next junction circuit
without passing through the delay circuit as shown in Figs.
16A, 16B, it is necessary to pay a special attehtion to the
execution of the operation of each junction circuit, which will
be described below. '

Fig. 18 is a block diagram showing the configuration of
the resonance circuit shown in Fig. 16B whose signal processing
is executed by the digital signal processor. In Fig. 18, each
of Jy, Jo, ... designates junction operational-process, wherein
Jy1, J2, ... correspond to the operations (such as the addition
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7 .input signal VA corresponding to the breath pressure PA. In case of
the weakl y-perforned tone, the bias-point of the non-linear elenent 11 is

Iin}}ed in certain |inear range sinéd~the breath pressure PAis relatively
smal |, '

and multiplicatioh) to be executed by the junction circuits
Ju,, JUy, ... respectively. Herein, the process resu;ts of Jq,
J, ... are temporarily held in the temporary register in the
digital signal processor (not shown). 1In this case, the
process result ¢f J,; is supplied to J, via the temporary
register, for example. In addition, D designates the delay
process corresponding to the delay circuit DFB. Fig. 19 is a
conceptual view showing the operation of arithmetic-logic unit
(ALU)'which is required when the junction oéerational processes
Ji, Jg etc. are carried out by the digital signal processor.

In Fig. 19, numbers "0" to "7" designate execution states of
micro-instructions. Hereinafter, these execution states will
be designated as STy to STy corresponding to the numbers "0" to
"7%" in each sample period TW shown in Fig. 19. In the present
embodiment, the period corresponding to three execution states
is required in order to obtain the process result of each
junction operational process J. In addition, each sample
period corresponds to eight execution states STg to STy. In
each sample period, the digital signal processor can compute
and renew the digital'signal values at several points of the
resonance circuit.

As shown in Fig. 19, when the junction operational prodess

J; is started at state STq in first sample period TW;, its
process result is obtained at state ST,. Therefore, the next
junction operational process J, must be started at state STj.
Similarly, the junction operational process Jz is started at
state STg in TW;; Jy4 is started at ST; in TWy; and Jg is

gtarted at ST4 in TW,. Thus, each junction operational process
can be started when its necessary data is obtained.

As described above, the junction operational processes Jg,
J4 are executed in different sample periods TWy, TW,
respectively, which causes the following problem. Herein, the
the digital signal processor counts the delay time at each
sample period, and the process result is transmitted from
certain junction operational process to next junction

operational process based on the count value, which corresponds
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so that the output signal of the non-linear elenment 11 has the waveform
ckose to the sine-waveform In case of the strongly-perforned tone, the
bi as- poi nt of the non-Ilinear el emerm24r1 is in the non-linear range since
the breath pressure PAis relatively Iarge so that the output signal of

the non-linear el epqent 11 has f.ormincl udi higher
har noni ¢ E8nBReApday pProgess E)des ﬂrpttﬂ}ﬁ heasiy dfq%an w% pact to

t he resonpegtod dsuichahgedn od@raibletwaem thes gunatelan erﬁltainOm%l desi gned
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char act er resud tofist et produced in real-time manner but pro&hced at the
timing delayed by unit time. In order to avoid such event, the
present system shifts back its operational time by unit time if
the sample period is changed over just before the junction
operational process is to be executed. T shown in Fig. 18
designates time correction process for shifting back the
operational time by unit time.

In the case where the resonance tube is constructed by
connecting three tubes 231, 232, 233 as shown in Fig. 20, the
signal processing simulating the compression wave propagation
is carried out as shown in Fig. 21. In Fig. 21, J designates
the junction operational process, and T designates the time
correction process as similar to that shown in Fig. 18. In
Fig. 20, the air pressure at the tube connecting portion
coincides with the sum of the air pressures from three tubes
231, 232, 233. An adder 234 shown in Fig. 21 simulates the air
pressure at the tube connecting portion. Herein, the circuit
constructed by inverters 235 to 239, multipliers 241 to 243
simulate the reflection of the compression wave to be reflected
at the tube connecting portion and terminal portions of tubes
232, 233. Even in this case wherein the resonance tube is
constructed by three tubes, it is also possible to avoid the
count error of the delay times due to the change-over of sample
period by inserting the time correction process T between some
junction operational processes J.

Next, description will be given with respect to the
reverberation effect applying apparatus according to the
present invention by referring to Fig. 22, wherein parts
identical to those shown in Fig. 11 will be designated by the
same numerals, hence, detailed description thereof will be
omitted. As comparing to the circuit shown in Fig. 11, the
shift register SF; is omitted and other shift registers SRy (N;
stages), SF, (N, stages), SR, (Ny stages), SFg (N3 stages), SRg
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resonance tube of the clarinet, while Fig. 8 illustrates the

t ransm ssi on-frequency characteristic of the reso- nance tube of the oboe.
As shown in Figs. 7 and 8, the trarmsfssion-frequency characteristic of the
tube of the wind instrunent has a plenty of peak portions each cor-

respondi ng_to each qf the resonance frequencies which are determ ned by the
tube s hapg.Nsl FLPges)a@re nefPeckively cﬁ%ﬂé‘m PX |~§hl{-€'§ ohsS %t??ﬁqggmgy

?Ed t ube §hagestagehadimﬁg;i;ﬁ%gg?téf?giﬁfxﬂﬁsigfcmimﬂfestageSQS)SFg?psa
e air vilration, produce reed of e W ] n applie
to the-reggﬁéﬁaestﬁgngSO Y i xm%ﬁPQ?éﬁﬁ{ﬂmﬁﬁgdgﬁ égﬂgr%?%a?hggsound

havi ng t hEigpe22. Other parts are identical between Figs. 11 and 22.

As described above, by omitting the shift register SF;, it
is possible to reduce the time required to generate first
reverberation effect applied tone after the musical signal is
inputted to the circuit shown in Fig. 22. As similar to Fig.
11, phase differences between the inputs and outputs of the
adders AlA, AlB correspond to 2N; stages of shift register;
phase differences in the adders A2A, A2B correspond to 2N,
stages of shift register; and phase differences in the adders
A3A, A3B correspond to 2N stages of shift register.
Therefore, the phase differences among signals to be added in
the adder Al123, B123 in Fig. 22 are identical to those in Fig.
11, so that the circuit shown in Fig. 22 can carry out the
signal processing equivalent to that of the circuit shown in
Fig. 11.

[C] THIRD EMBODIMENT

Fig. 23 is a block diagram showing the electric
configuration of the musical tone synthesizing apparatus
according to the third embodiment of the present invention. 1In
Fig. 23 of which circuit configuration corresponds to that of
Fig. 12, 31la designates a non-linear table A; 315, 316
designate multipliers; 317 designates a subtractor; 320a
designates a filter} and 330, 331 designate adders.

The present musical tone synthesizing apparatus shown in
Fig. 23 is designed to synthesize the musical tone of trumpet.
Herein, the non-linear table A is constructed by ROM which
stores the relation between the opening area of performer's lip
and the combination of the mouth-inside pressure and tube-
inside pressure. Information P to be supplied from an external
device (not shown) corresponds to the mouth-inside pressure,
while information q fo be supplied from the filter 320a via a
Jjunction circuit 330 corresponds to the tube-inside pressure.
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cific. and uni que tone col or. Fig. 9 illustrate the circuit which is
obt ai ned by sim ulating the transm ssion-frequency characteristic of the
tube portion of the wind instrunment =26kis circuit shown

8

In address information to be supplied to the non-linear table
A, upper bits (e.g., leftmost nybble) correspond to the
information P and lower bits (e.g., rightmost nybble)
correspond to the information gq. Based on such address
information, information S corresponding to the opening area. of
performer's lip is read from the non-linear table A. Fig. 24
illustrates the relation between the above-mentioned
information P, q and S. Incidentally, the filter 320a is
designed in accordance ﬁith the transmission-frequency
characteristic of the compression wave of air to be transmitted
through the tube of trumpet.

Meanwhile, the subtractor 317 subtracts the tube-inside
pressure information q from the mouth-inside pressure
information P to thereby calculate information AP
corresponding to the air pressure at the opening of performer's
lip. Then, the multiplier 315 multiplies the information A P
by the information S to thereby calculate information FL
cofresponding to the air-flow velocity at the opening of
performer's lip. The next multiplier 316 multiplies the
foregoing information G representative of the resist§nce of air
flow at the inlet portion of the tube by the above-mentioned
information FL to thereby calculate the information X
representative of the progressive compression wave of air which
progresses into the tube. At the input side of the filter
320a, the. junction circuit 330 consisting of the adders 331,
332 is provided. Herein, the adder 331 adds the information X
and output information of the filter 320a together, so that the

-‘addition result of adder 331 is supplied to the filter 320a.

On the other hand, the adder 332 adds the output information of
adder 331 and output information of filter 320a together, so
that the addition result of adder 332, i.e., the foregoing
information'q is supplied to the subtractor 317 and non—liﬁear
table A. This junction circuit 330 can simulate the scattering
of the compression wave of a1r at the connecting portion
between the mouth-piece and tube.

Next, description will be given with respect to the non-
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in Fig. 9 can be used as the foregoing resonance circuit 12 shown in Fig.
5.-1n Fig. 9, DF[err] to DF[err], DRlerr] to DR err] designate del ay
circuits each configured by the nul427~ stage shift register (having three
stages or nore in gen- eral). These delay circuits sinulate the

transm ssion de- |ay of the conpression wave in_the tube. Hergjn, the gﬁé

lay circuldnepr] e Pr| ey coPmaEdRshda FhenLARRIPING (P IdheRr €

cl osest t @it bokweedn? Fighi |52 wBHlc hisedRiRS Idpenitidre syl t bétweénbehe

portion le%h i s.the os%ft to th

nformation and q as the address, the non-linear table A uses

both of the information P and q as the address directly. For
this reason, it is possible to carry out the non-linear control
full of variety on the wind instrument tone. As described
before, based on the information S representative of the
opening area of performer's lip which is read from the non-
linear table A based on the ihfo:mation P and q, it is possible
to synthesize the'mqsical tone of trumpet.

Fig. 25 is a block diagram showing a modified example of
the third embodiment, wherein a non-linear table B {designated
by 311b) is provided instead of the non-linear table A shown in
Fig. 23. This non-linear table B constructed by ROM stores
information indicated as "G*A P-S" (where A P=P-q) which is
read by the address information P. By ﬁse of such non-linear
table B, it is possible to omit the multipliers 315, 316 and
the subtractor 317 shown in Fig. 23. Incidentally, the
junction circuit 330 is not shown in Fig. 25.

Fig. 26 is a block diagram showing another modified
' example of the third embodiment, wherein low-pass filters (LPF)
318a, 318b and an adder 319 are inserted between the non-linear
table B and filter 320a. Herein, the junction circuit 330 is
replaced by the adder 319 in Fig. 26.

According to this example, the LPF 318a can remove the
quantize noise to be produced due to the operation of
converting the information P, q into the information S. Due to
the LPF 318b provided on the line from the filter 320a to the
non-linear table B, variation of the output of non-linear table
B must be delayed from variation of the information q, Thus,
it is possible to simulate the reed inertia (or lip inertia)
affecting the musical tone.

As described heretofore, this invention may be practiced
or embodied in still other ways without departing from the
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end pSrtion 1 E. The delay circuit DF[err] inputs the output signal of the
non-1linear elenent 11 shown in Fig. 5 whereas the subtractor 13 inputs the
out put signal of the delay circuit BRBerr]. Jlerr], J[err] in Fig. 9
designate juncti-on circuits each sim ulating the scattering of conpression
wave mhlch 0

AN e A I ST AL SRR = 2 X
Fbrein,_eapbssﬂbmeito replace ‘thée ﬂigd&%ﬂgﬂﬁ&cﬂitg(aﬂbphdd|#ﬂ|th$l&hb@ﬁ¢d"
tcggsjl 3tn|ctn| on CI rcul t%é‘m %’ tt?leMs%ﬁr p%grﬁggoefﬁ{i e%ut sI "
whi ch circuits. Further, the present invention can be applied to the
musical instrument technique which synthesizes the acoustic
instrument tones, reverberation tones etc. other than the wind
instrument tone described before. Therefore, the preferred
embodiments described herein are illustrative and not
restrictive, the scope of the invention being indicated by the
appended claims and all variations which come within the
meaning of the claims are intended to be embraced therein.
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are miltiplied by the input signals of the multipliers Merr] to Mi. These

coefficients are determned in response to the signal scatterrn

characteristic of the wind instru- #29¢. Then, the signal t1 HI ﬂ l"mqu""m
made by the junc- tion circuits anong the nei ghboring del ay il L
exanple, the output signal of the delay circuit DF[ferr] is sent to the
delay cir&FAIM$S err] via the multiplier Merr] in the junc- tion circuit
J[lerr], while the output signal of the delay circuit DR err] is sent to the
delay circuit DR[err] via the nultiplier MB in the junction circuit J1. -
I nstead of the above-nentioned junction circuit, the

1. A musical tone synthesizing apparatus characterized by

comprising:

(a) excitation means (102) for outputting an excitation
signal based on an input signal and a feedback signal; and

(b) bi-directional transmission means (103) for
transmitting said excitation signal outputted from said
excitation means to a terminal portion as a progressive wave
signal and also feeding back said progressive wave signal
reflected by said terminal portion to said excitation means as
a reflected wave signal,

wherein a musical tone signal on which a syntheSizing
operation is effected is obtained by setting said excitation
means and said bi-directional transmission means at resonance
states.

2. A musical tone synthesizing apparatus according to claim 1
wherein said bi-directional transmission means includes:

(a) two series of delay circuits (DFy, DRy, ...) wherein
one series of delay circuits are disposed in a progressing
direction to thereby transmit said progressive wave signal and
another series of delay circuits are disposed in a reflecting
direction to thereby transmit said said reflected wave signal,
each of said delay circuits delaying said progressive wave
signal or reflected wave signal by a predetermined delay time;
and

(b) a plurality of junction circuits (JAl, JA,, .+« ) e@ach
provided for scattering said progressive wave signal and said
reflected wave signal, said plurality of junction circuits
being inserted between said two series of delay circuits.

3. A musical tone synthesizing apparatus according to claim 2
wherein a two-multiplication-grid circuit including two

multipliers is applied as said junction circuit.

4. A musical tone synthesizing apparatus according to claim 2
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9 fore90|ng Japanese Patent Laid-Open Publlcaf di scl oses
the junction circuit designed by ' three mui tipl llﬂll " s__hovvn I n
Fig. 10. In Fig. '

wherein a one-multiplication-grid circuit including one
multiplier is applied as said junction circuit.

5. A musical tone synthesizing apparatus according to claim 2
wherein a four-multiplication-regulated-grid circuit including
four multipliers is applied as said junction circuit.

6. A musical tone synthesizing apparatus according to claim 2
wherein sum of the delay times of said delay circuits is set in
response to a kind of a musical tone to be generated and the
delay time of said delay circuit for said progressive wave
signal does not balance with that of said delay circuit for
said reflected wave signal.

7. A musical tone synthesizing apparatus characterized by
~comprising:

(a) excitation means (31lla; 311b) for'generating an
excitation signal based on an input signal corresponding to a
performance operation and its feedback signal:

(b) signal transmission means (320a) for transmitting said
excitation signal back to said excitation means as a feedback
signal with a predetermined delay time,

wherein a signal circulated in a loop consisting of said

- excitation means and signal transmission means is picked up as
a musical tone signal on which a synthesizing operation is
effectéd.

8. A musical tone synthesizing apparatus according to claim 7
wherein said excitation means is constructed by a memory from
whish a pre-stored excitation signal is read out based on said
input signal and feedback signal used as addresses to said
memory. .
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10, Merr] to Merr] designate nultipliers, Alerr] to Alerr] designate
adders and |V2 designates an inverter. In addition, "kn" desighates a
coefficient which is nultiplied by THe | nput signal of the multiplier M.
Simlarly, "gm and "1/ gnm designate coefficients which are respectively
mul tiplie ﬁﬂﬁi.nultipliers Merr], Merr]. Herein, the coefficient gmis
det er m ne *followng fornmula (5). gm =
[(1-kn)/(1+kn)] [err] By setting the coefficient as described above, the

trans- mssion gain is hREYHEYONE syNTuESFZING ﬂﬁ%ﬁﬁg@bgnates a term nal

circuit which

A musical tone synthesizing apparatus which synthesizes a
musical tone signal in response to the wind instrument, brass
instrument and the like provides an excitation circuit (102)
and a resonance circuit (103). The excitation circuit
simulates the operations of the reed, mouth-piece and the like,
while the resonance circuit which operates as the bi-~
directional transmission path simulates the resonance tube.
The excitation signal generated from the excitation circuit is
transmitted through the resonance circuit consisting of delay
circuits and- junction circuits. Thereafter, the transmitted
signal is reflected by the terminal portion, and the reflected
signal is transmitted through the resonance circuit and then
fed back to the excitation circuit. Thus, the excitation
signal is circulated in the 106p consisting of the excitation
circuit and resonance circuit. Based on the signal picked up
from this loop, it is possible to obtain the synthesized
musical tone signal which simulates the wind instrument tone
and the like.
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si.mul dtes the termnal portion 1 E of the resonance tube 1. Herein, the
out put signal of the non-linear elenent 11 is passed through the del ay
circuits DF[err] to DF[err] tand junc- tion circuits J1, J2 ... and then
supplied to the term nal circuit TRM M designates a nultiplier which
sinmul ates the energy |l oss which is occurred when the conpres- sion wave is
reflected by the termnal portion 1 E This nultiplier M. multiplies the
output signal of the delay cir- cuit DFferr] by rtain | oss coefficient
gl, and then the mul- tipli | o i nverter

| V. This phase i nverter | [ ) nver si op-whi ch i s occurred
bet ween the reflected i -

2
2A L
FIG.1
- QUTPUT 11 |
_\, . 3 \ |
S : NON-LINEAR
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| /
= INPUT RESONANCE

| 13 | CIRCUIT
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waveswhen the termnal portion 1 Eis not closed but opened. Therefore,
when the termnal portion 1E is closed, the phase inverter IV is not

requi red. Then, DC conponents of the output signal of the phase inverter |V
is renoved by DC renoving circuit DCB. Thereafter,

D3 147Hz ' .
TRONG-BLOWING D3 STANDARD = p3 WEAK-BLOWING
STRO 190NE BLOWING TONE

D4 294Hz

STRONG-BLOWING - Da WEAK-BLOWING STRONG-BLOWING

A4 44QHz Cs 523Hz
Fa WEAK-BLOWING STRONG-BLOWING STRONG-BLOWING

TONE

J\/\J\/“ JAVA

FIG.6
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10 the output signal of the DC renoving circuit DCB is sup- plied to the
delay circuit DRlerr]. This output signal is finally supplied to the adder
13 shown in Fig. 5 via the delay circuits DRl err] to DRl err] - -and the
junction circuits J[err], J[err] The sum of delay tines of the del ay
circuits DF1 DF[err], DRerr] to DRlerr] is determ ned in response to the
fre- quency of the nusical tone to be sounded. Actually, the propagation
vel ocity required when the progressive conpression wave F propagates from
the reed to the tube end portion coincides with the propagation velocity

[
o
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SOUND-HOLE / \

TRANSMISSION
RELATIVE LEVEL(dB)
N
o
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0 n——l-—ﬂl/ui \:\1/
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FIG.7
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2T }v
| o |
w A
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FIG.8
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required when the refl ected conpression wave R prop- agates fromthe tube
end portion to the reed in the wind instrunment. For this reason, the
circuit showmn in Fig. 9 is designed such that the sum of delay tines of the.
delay circuits DF[err] to DF[ferr] is set equal to the sumof delay tines of
the delay circuits DR[err] to DRlerr] As descri bed heretofore, the
non-1linear elenent 11 and resonance circuit 12 shown in Fig. 5 are designed
by sinulating several portions of the wind instrument. By using the circuit
shown in Fig. 5, it is possible to syn- thesize the desirable w nd

i nstrument tone. In case of the strlng I nstrument such as the guitar other

than the MUSICAL TONE
OUTPUT TRM

—F ' ;
=—————- - ——L--
DF1 | DF2 ; k
FROM \ | ten A |
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ELEMENT 11 lgg’
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R ———
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above-nentioned wind instrunent, the non-linear ele- nent 11 is designed in
rresponse to the elastic charac- teristic of the string and the resonance
circuit 12 is de- signed in response to the length of the string, by which
the circuit shown in Fig. 5 can sinulate the string instru- nment tone.
Meanwhile, it is possible to make the rever- beration effect applying
apparatus by use of ‘the above- nentioned resonance cirCU|t for exanpl e.
Meanwhi l e, in the case where the operation of t si Ad 2t né mem zing
dcut ed\ by

apparatus is enbodi ed byAdsA erationalSPtcesse
processors, the conventi onap~nu rat us Juses

n
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t he foregoing four-nmultiplication-grid orthree-nmultiplica- tion-grid as the
junction circuit, which thereby increases the tines of carrying out the
mul tiplication in each junc-

MUSICAL TONE conTroL |~ 101
INFORMATION
GENERATING CIRCUIT MUSICAL TONE

. OUTPUT
. k| |
111 || DF4 DF2 DF3 TRM

Y A
g A W g - W Wy W
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+ o N N, o | DURE DN BN . U D SN N
113 \ DRn-1 \ DRn-2
DRn | o JA2
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102 : EXCITATION 103: RESONANCE
CIRCUIT CIRCUIT
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tion.circuit. Therefore, in order to enbody the desirable signal processing
. speed, the conventional apparatus re- quires high processing ability for

t he signal processor, which raises a problemin that the circuit
configuration nust be conplicated. Instead of the foregoing grid cir- cuits
to be used as the junction circuit, it is possible to use other circuits as
various junction circuits having var- ious transm ssion characteristics. In
this case, it is pos- sible to obtain the variation of the signal
processings by varying the coefficient to be usgé in each multiplier in-

cl uded in the juncprer—etretit= 4ﬁbxf—-gz§cr|pt|on will be given with
respect to the MUSICAL TONE CONTROL
INFORMATION MUSICAL TONE
GENERATING CIRCUIT OUTPUT
| | '
NON-LINEAR] RESONANCE
TABLE CIRCUIT
/
2022 202 : EXCITATION 203
" CIRCUIT -
FIG.15

MUSICAL TONE
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| 1 )
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conventional reverberation effect applying apparatus by referring to Fig.
11. In Fig. 11, SFlerr] to SF[err], SR err] to SRlerr] designate shift

regi sters each simulating the transm s- sion delay of reverberation tone;
IVIA to IV3A 1VIB to I V3B designate inverters; MAlerr] to MAJerr], MBerr]
to MBlerr] des- ignate multipliers each sinulating the attenuation of re-
verberation tone; and AlA to A3A, AlB—toASE—7Ll23, B 1 23\&ﬁ5—»—g~@te adders
each simul ating the convolution of the re ekner ‘ KR

pace. | h of t '

convol uted in the=Egoo .dj‘- >
shift registers SF1L\SR®rr]; SF[err], 3R ; SF[err],
sponds to the transm{sTRp path of one reyefberation

| J1 J2 g Taa ™ | us Jo
FIG.18
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tone.in the acoustic space. Further, the nunber of stag- es of each shift

regi ster (represented by nunerals N1, N2, N3) is determned in response to
the transm ssion delay tinme of the transm ssion path of reverberation tone
to be sinul ated. Next, description will be given with respect to the

operation of the above-nentioned reverberation effect

239.

237

FI1G.21
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12 . B123,¥and then the output of the adder B123 is supplieo to the shift
registers SF[err], SF[err], SF[err] via the adders AlA A2A, A3A
respectively. The input signal of the shift reg- ister SF1 is del ayed by
the predeterm ned delay tinme and then inverted by the inverter V1 B. The
out put of the inverter IN 1B I's supplied to the shift register -SRerr] via

t he

qu(A'lA M A:l o A123 OUTPUT
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"MB1 A2A SF2A MA2 A1B
N2- N1 S/R
IV2A SR2A yop
_ b2 1 N2+N1 .SR
) MB2 a3a SF3A A2B

D— N3s-N1 SR
1/x-1V3A SR3A,ys3p

b3 N3+N1_SR &
B123 'MB3 A3B
INPUT
FIG.22

311a ;5

\ e

NON-LINEAR -
ON-LINEA OUTPUT
+ 4k
N \
P . 320a

Thls Sheet Has Been Replace

IIIIIII U




_/

adder Al1B, wherein it is delayed by the predeternmned delay tinme in the
shift regnd®™W® SR err]. Thereafter, the out- put of the shift register
SR[err] is fed back to the adder AlA via the inverter |V1A. Thus, the |oop
consi sting of these elements ALA, SFerr], V1B, A1B, SR err], |VI1A

simul ates the reverberation tone which transmts forth and back in the
transm ssion path. Simlarly, other |oops consisting of the shift registers
SF[err], SRlerr], SF[err], SR err] etc. sinulate other transm ssion paths.
Meanwhi | e, the outputs of the shH®fit registers SF[err], -SF[err], SF[err] are
mul tiplied by |oss coefficients aferr], alerr], m[err] inthe multipliers
MAL, MA2, MA3 respectively. Then, out-.
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puts o mutipliers I\/A[err] to MA[err] are added together_in.the adder.,
Al123 SRBIMNCED SHREEdder 9423 1s de- | iVer ekappstEsrmaders-AlB, #A2B,
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The present invention relates to a musical tone
synthesizing apparatus which is adaptable to an electronic
musical instrument.

The conventionally known electronic musical inétrumeﬁt

provides a waveform memory which pre-stores a musical tone

- waveform generated from a non-electronic musical instrument
(hereinafter, simply referred to as "acoustic instrument") and

~the like. Then, the stored musical tone waveform is read from
the waveform memory in response to an operation of a performer,
so that a musical tone is to be generated based on the read
musizal tone waveform. In addition, the high-grade electronic
musical instrument carries out certain operation on the read
musical tone waveform, or executes the process .of synfhesizing
plural musical tone waveforms. Thus, such high-grade
électrqnic musical instrument can reproduce the musical tone
with high fidelity.

Meanwhile, sounds actually generated by the abo&e—
mentioned acoustic instrument will be varied in accordance with
the performance technique or environmental condition. In case
of theqhind'instrument such as the clarinet, its musical tone
waveform, even in the same scale, is varied in accordance with

" the blowing intensity, so that the audience can feel such |
variation of the generated musical tone waveform as the
variation of tone color. This phenomenon will be explained
later.

In oxrder fo reproduce the above-mentioned musical tone
waveforms full of variety with high fidelity, the electronic
musical instrument must provide the waveform memory capable of
Storing many kinds of waveforms and operation means capable of
executing the complicated waveform processings. However, if is

“difficult to embody such electronlc musxcal instrument based on
the conventional techniques
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the foregoing nusical tone synthesiz- ing apparatus as s?@@lggﬁviﬁﬂ‘gf
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In order. to overcome the above-mentioned difficulty,
Japanese Patent Laid-Open Publication No. 63-40199 discloses
another conventional instrument which models on the tone-
generation mechanism of the acoustic instrument to thereby
reproduce the musical tone generated by the the acoustic
instrument without using the waveform memory. '

Next, description will be given with respect to the
simulation model of the acoustic instrument and the musical
tone synthesizing apparatus using the simulation model in case
of the wind instrument. ' |

- Fig. 1 shows the most simple model of the wind instrument
consisting of a resonance tube 1 and a reed 2 made of elastic
materials. When the performer blows his breath 2A into the
reed 2, the reed 2 is bent due to breath pressure PA in the
in;ide direction of the tube 1 (i.e., direction 2F). Since the

" reed 2 is elastic, the reed 2 is vibrated by the breath 2A. As

a result, the pressure wave (i.e., compression wave) of air is
produced in the inside of the tube 1 and reed 2. Then, such
compression wave F progresses toward a terminal portion 1lE of
the tube 1. Thereafter, the progressive compression wave F is
reflected by the terminal portion 1E so that reflected
compression wave R is occurred. This reflected compression
wave R is returned to the reed 2. Thus,.the reed 2 is affected
by pressure PR corrésponding to the reflected compression wave
R. As a result, the following pressure P is applied to the

' reed 2.

P = PA - PR .. (1)
Thus, the reed 2 vibrates in accordance with the above-
mentioned pressure P and elastic characteristic thereof. = Fig.
2 shows an example of the elastic characteristic of the réed 2,
i.e., relation between the pressure P (i.e., INPUT) and
displacement of the reed 2 (i.e., OUTPUT). As shown in Fig. 2,
the displacement of the reed 2 varies in connection with the
Pressure with non-linear curve. If the pressure P reaches
Certain saturation level, the displacement of the reed 2 does
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cuits O:[err] to DF[err] for t he progressive conpression wave and.ot her
del ay C|rCU|t§“DRr€rrT—r0—BRﬁeﬁf+-for the refl ected conpres

wherein the del a qual in both of DF and
nunber of the de?fhl;ghgé%%asaIE e provi ded nust be incr
to the kind of th lMﬂ H to be sinulated. This enja
of the nusi cal to ng apparatus. In additio
synt he- si zing operatlon is carried out by -the operationjo

D

not vary.

In the case where the vibration frequency of the reed 2
becomes equal to the resonance frequency of the tube 1 (which
will be described later), the resonance phenomenon will occur
so that the large compression wave is obtained from the tube 1.
Due to such large compression wave, the wind instrument can
produce” the sound. ' -

More specificélly, in the case where the air vibration is
occurred at the specific frequency (i.e., resonance f;equencY)
determined by scale L of the air column of the tube 1, the
standing wave of the air compression wave is produced in the’
direction of scale L (i.e., longitudinal direction of tube 1),
so that the large vibration is obtained in the tube 1. This
phenomenon is called as the foregoing "resonance phenomenon”.

Next, description will be given with respect to the
relation between the above-mentioned scale L of the tube 1 and
wavelength of the standing wave. If both edges of the tube are
open as shown in Fig. 3 so that the air particles can freely
move at the edge portions of the tube, amplitudes of the-
compression waves F and R go maximum. In this case, the
reflected compression wave R has the inverse phase of the
progressive compression wave F at the terminal portion.
Therefore, wavelength "w" of the standing wave which is
produced in the tube 1 is indicated by the follow1ng formula
(2).

w = 2L/n’ ees  (2)

,wheren=1, 2, 3, ... _

Fig. 3 shows three standing waves when n equals 1, 2, 3
respectively.

In contrast, when one edge of the fube is closed as shown
in Fig. 4 so that the air particles cannot move at the closed
edge portion of the tube, amplitudes of the compression waves F
and R become zero. Therefore, wavelength w of the standing
Wave can be indicated by the following formula (3).



si gnal processo"r ﬁes of accessing the nenory nust be mcrﬁﬁ;@fw

Further, the nu5|c lacshunded until the out put Signalsagfint lﬂI
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respectively.

When the air vibration'having resonance frequency fn (as .
indicated by the following formula (4)) is given to the tube 1
by the reed 2, the foregoing resonance phenomenon occurs in the
tube 1.

fn = c/w ... (4)

,where c represents propagation velocity of the
compression wave F, R.

Thereafter, since the reed 2 vibrates in synchronism with
the standing wave in the tube 1, the resonance is maintained in
the tube 1. More specifically, when the reed 2 is bent in
direction 2F, the progressive compression wave F is produced.
Then, this compression wave F is reflected by the terminal
portion 1E so that the reflected compression wave R is
produced. Thereafter, this reflected compréssion wave R bends
the reed 2 in direction 2R (which is the inverse of the L
direction 2F) so that another progressive compreséion wave F is
produced. - This wave F is reflected by the terminal portion 1E
and then retﬁrned to the reed 2. Therefore, another reflected
compression wave R bends the reed 2 in direction 2F again.
Thus, reed 2 continues to vibrate in synchronism with
reczprocating motion of the compression wave (i.e., vibration
of the standing wave). -

As described heretofore, the reed 2 vibrates in
synchronism with the standing wave of the compression wave in
the tube 1 so that the resonance is maintained and consequently
the wind instrument can generates -the sound continuouslf.
Herein, the reed 2 v;brates in non-linear manner, so that the
compression waves F, R include higher harmonic components. In
addition, the tube 1 has a plenty of different resonance
frequencies as indicated in the foregoing formulae (2), (3).
Thus, it is possible to obtain the air vibrations having,
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' Fig. 5 is a block diagram showing an electric
configuration of the musical tone synthesizing apparatus which
is obtained by simulating the tone-generation mechanism of the
wind instrument as described heretofore. Incidentally, this
configuration as shown in Fig. 5 is not limited to the wind

instrument, but it is possible to apply this configuration to

‘other instruments such as the string instrument.

In Fig. 5, 11 designates a non-linear element which

simulates the operation of the reed 2, 12 designates a

resonance circuit which simulates the tube 1, and 13 designates

a subtractor which simulates the foregoing subtraction

operation (1) which is applied to the reed 2. This subtractor

13 subtracts an output signal of the resonance circuit 12

(corresponding to the foregoing reflected compression wave R)

from an input signal VA (corresponding to the foregoing breath

pressure PA). Then, the subtraction result of the subtractor

13 is supplied to the non-linear element 1ll.

According to the configuration as shown in Fig. 5, DC bias
is effected on the non-linear element 11 by the input signal
VA. Then, the output of the non-linear element 11 is supplied
to the resonance circuit 12. Thereafter, the output of the
resonance circuit 12 is supplied to the non-linear element 11
via the subtractor 13, so that the non-linear element 11 is
excited. Thus, the circuit shown in Fig. 5 carries out the
oscillation operation. '

Herein, the non-linear element 11 is designed such that
its I/0 characteristic will simulate the non-linear
characteristic of the reed 2. This non~linear elementlll can
be embodied by the known non-linear element such as the diode.
Or, the non-linear element 11 can be embodied by a read-only
memory (ROM) which stores the desirable non-linear function to
be read out. As described above, the 1/0 characteristic of the
non-linear element 11 can be designed te coincide with that of
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the reed. Thus, it is possible to obtain the output waveform
of the non-llnear element 11 which coincides with the vibration
waveform of the reed.

Fig. 6 illustrates several vibration waveforms of the reed
in the clarinet. As shown in Fig. 6, strongly-performed tone
and weakly-performed tone both belonging to the same musical
scale have different vibration wavefofms éo‘that thése tones
are sounded in different tone colors in the wind instrument
such as the clarinet. Herein, the vibration waveform of the
weakly-performed tone is close to sine-waveform. On the other
hand, the level of the vibration waveform of the stroﬁgly-
performed tone is limited into the range defined by LL and LU
which are determined by the elastic limit of the reed, so that
the peak-portion of the vibration wawveform of the strongly-
performed tone must be distorted as compared to that of the
sine-waveform. Such waveform distortion can be indicated by
the variation of the output waveform of the non-linear element
11 whose bias-point is wvaried bf the input signal VA
corresponding to the breath pressure PA. In case of the
weakly-performed tone, the bias-point of the non-linear element
11 is limited in certain linear range since the breath pressure
PA is relatively small, so that the output signal of the non-
linear element 11 has the waveform close.to the sine-waveform.
In case of the strongly-performed tone, the bias-point of the
non-linear element 11 is in the non-linear range since the
breath pressure PA is.relatively large, so that the output

- signal of the non-linear element 11 has the waveform including

a plenty of higher héfmohic components.

Next, desgription will be given with respect to the
resonance circuit 12 in detail. This resonance circuit 12 is
designed to correspond to the shépe of the resonance tube of
the wind instrument to be simulated. Fig. 7 illustrates the
transmission-frequency characteristic of the resonance tube of
the clarinet, while Fig. 8 illustrates the transmission-

frequency characteristic of the resonance tube of the oboe. As'

Shown in Figs. 7 and 8, the transmission-frequency

tO
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I nformati OHaARJLEOF ESEIE W ¢ L tubl®of the wind instrument has a plenty
of peak portions each corresponding to each of the resonance
frequenciés which are determined by the tube shape. '
Incidentally, the relation between the resonance frequency and
tube shape can be indicated by the foregoing formulae (2), (3).
Thus, the air vibration produced by the reed of each wind
instrument is applied to the resonance tube, so that each wind

instrument can generate the sound having the specific and

unique tone color.

Fig. 9 illustrate the circuit which is obtained by
simulating the transmission-frequency characteristic of the
tube portion of the wind instrument. This circuit shown in
Fig. 9 can be used as the foregoing resonance circuit 12 shown
in Fig. 5. 1In Fig. 9, DF; to DF,, DR; to DR, designate delay
circuits each configured by the multi-stage shift register
(having three stages or more in general). These delay circuits
simulate the transmission delay of the compression wave in the
tube. Herein, the delay circuits DF;, DR, correspond to the
tube portion which is the closest to the reed 2, while DF,, DRy
correspond to the tube portion which is the closest to the end
portioh 1E. The delay circuit DF; inputs the output signal of
the non-linear element 11 shown in Fig. 5, whereas the
subtractor 13 inputs the output signal of the delay circuit

DR,.

Jy, Jo in Fig. 9 designate junction circuits each
simulating the scattering of compression wave which occurs at
the portion of connecting two tube portions each having the
different diameter in the resonance tube of the wind
instrument. ngein, eacﬁ Junction circuit "J" is designed as
"four-multiplication-grid" consisting of multipliers M; to My .
and adders A;, A,. In the junction circuit, "1+kn", "-kn", "1-
kn", "kn" designate coefficients which are multiplied by the
input signals of the multipliers M; to My. These coefficients
are determined in response to the signal scattering
characteristic of the wind instrument. Then, the signal
transmission is made by the junction circuits among the



pressure in the nourh-prece—Then—t he adder 22 adds t heREHf dnaHek T

wi.th i nformation Emg ng to the foregoing reed r'“suté”aﬁﬁrrﬁﬁ tp
t he reed when the &%ERQ k *d he nout h- pi.ece in hi q% ﬁ@é t he
L P 6Ssure :

-

adder 22 outputs i epresentative of the
applied to the ree tion PP is supplied tojthe-ROM-21-
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area of gap to the multiplier 25. Meanwhile, the nultip —24-nuottTptTes
the informa- tion [err]P with "-1 " to thereby output "-[err]P" to the
mul tiplier Zeighisrmghf, ddley piecatte. i nFor erampld,erthePouepuesandisal hef
the delay circuit DF; is sent to the delay circuit DF, via the
multipijer M; in the junction circuit J;, while the output
signal of the delay circuit DR,_3 is sent to the delay circuit
DR, viz the multiplier M3 in the junction circuit J;.

Instead of the above-mentioned junction circuit, the
- foregoing Japanese Patent Laid-Open Publication No.'63-40199
discloses fhe junction circuit designed by "three-
multiplication-grié" as shown in Fig. 10. In Fig. 10, Mg to. M,
: designate multipliers, Az to Ag designate adders and ;VZ
. designates an inverter. 1In addition, "kn" designates a
coefficient which is multiplied by the input signal of the
multiplier My. Similarly, "gm” and "1/gm" designate
coefficients which are respectively multiplied by the

multipliers Mg, Mg. Herein, the coefficient gm is determined

by the following formula (5).
gm = [(1-kn)/(1+kn)310-3
By setting the coefficient as described above, the transmission

gain is regulated.

In Fig. 9, TRM designates a terminal circuit which
simulates the terminal portion 1E of .the resonance tube 1.
Herein, the output signal of the non-linear element 11l is
passed through the delay circuits DF; to DF, and junction
circuits J1, J2 -e- and then supplied to the terminal circuit
TRM. ML designates a multiplier which simulates the energy
‘loss which is occurred when the compression wave is reflected
by the terminal portion 1lE. This multiplier ML multiplies the
output signal of the delay circuit DF, by certain loss
coefficient gl, and then the multiplication result is supplied
to a phase inverter IV. This phase inverter IV simulates the
phase inversion which is occurred between the reflected-wave
ssive wave when the terminal portion 1E is not closed
Therefore, when the terminal portion 1lE is closed,

and progre

but opened.
the phase inverter IV is not required. Then, DC components of

the output signal of the phase inverter IV is removed by DC
Temoving circuit DCB. Thereafter, the output signal of the DC
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removing circuit DCB is supplied to the delay circuit DR;.

This output signal is finally supplied to the adder 13 shown in
Fig. § via the delay circuits DR, to DR; and the junction
circuits Ja, Jl' . e

The sum of delay times of the delay circuits DFl to DF,

DR; to DR, is determined in response to the frequency of the
musical tone to be sounded. Actually, the propagation velocity
required when the progressive compression wave F propagates
from the reed to the tube end portion coincides with the
propagation velocity required when the reflected compression
.wave R propagates from the tube end portion to the reed in the
wind instrument. For this reason, the circuit shown in Fig. '9
is designed such that the sum of delay times of the delay

- circuits DF; to DF, is set equal to the sum of delay times of
the delay circuits DR; to DR,

Asldescribed heretofore, rhe non-linear element 11 and -
resonance circuit 12 shown in Fig. 5 are designed by simulating
several portions of the wind instrument. By using the circuit

~ shown in Fig. 5, it is possible to synthesize the desirable
wind instrument tone. 1In caee of the string instrument such as
the guitar other than the above-mentioned wind instrument, the
non-linear element 11 is designed in response to the elastic
characteristic of the string and the resonance circuit 12 is
designed in response to the length of the string, by which the
circuit shown in Fi§..5 can simulate the string instrument
tone. Meanwhile, it is possible to make the reverberation

- effect applying apparatﬁs by use of the above-mentioned
resonance circuit, for example.

Meanwhile, in the case where the operation of the musical
tone synthesizing apparatus is embodied by operational -
processes execﬁted by signal processors, the conventional
musical tone synthesizing apparatus uses the foregoing four-
multiplication-grid or three-multiplication-grid as the
junction circuit, which thereby increases the times of carrying
out the multiplication in each junction circuit. Therefore, in
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order to embody the desirable signal processing speed, the
conventional apparatus requires high processing ability for the
signal prdceséor,'which raises a problem in that the circuit
configuration must be complicated. Instead of the foregoing
grid circuits to be used as the junction circuit, it is
possible to use other circuits as various junction cifduits
having various transmission.characteristics., In this case, it
is possible to obtain the variation of the signal processings
by varying the coefficient to be used in each multiplier
included in the junction circuit. '

Next, description will be given with respect to the
conventional reverberation effect applying apparatus by
referring to Fig. 1l1l. In Fig. 11, SF; to SF3, SR; to SR3
designate shift registers each simulating the transmission
delay of reverberation tone; IV1A to IV3A, IV1B to IV3B
designate inverters; MA; to MA3, MB; to MB3 designate
multipliers each simulating the attenuation of reverberation
tone; and AlA to A3A, AlB to A3B, Al23, Bl123 designate adders
each simulating the convolution of the reverberation tones
which are convoluted in the acoustic space. In addition, each
of three pairs of the shift registers SFq, SR;: SF,, SRy; SF3,
SRy corresponds to the transmission path of one reverberation
tone in the acoustic space. Further, the number of stages of
each shift register (represented by numerals N;, N5, N3g) is
determined in response to the transmission delay time of the
transmission path of reverberation tone to be simulated.

Next, description will be given with respect to the
operation of the above-mentioned reverberation effect applying
apparatus. In Fig.'ll, the input signal corresponding to the
musical tone is applied to the adder B123, and then the .output
of the adder B123 is supplied to the shift registers SFy, SF,,

' SF3 via the adders AlA, A2A, A3A respectively. The input
signal of the shift register SF; is delayed by the

. predetermined delay time and then inverted by the inverter
IVIB. The output of the inverter IN1B is supplied to the shift
registgr SR; via the adder AlB, wherein it is delayed by the
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the infor ¢he ;&d@grk§l via the inverter IV1A. Thus, the loop consisting
of these.elements AlA, SF;, IV1B, AlB, SR;, IVI1A simulates the
reverberation tone which transmits forth and back in the
transmission path. Similarly, other loops consisting of the
shift registers SF,, SR,, SF3,'SR3 etc. simulate other
transmission paths.

Meanwhile, the outputs of the shift registers SF;, SF,,
SFg are multiplied'by loss coefficients a;, a5, aj in_the
multipliers MA,, MA,, MAj respectively. Then, outputs of the
multipliers MA; to MA3 are added together in the adder Al23. -
The output of the adder Al23 is deliveréed to the adders AlB,
A2B, A3B respectively. On thg other ‘hand, the outputs of the
shift registers SR;, SRy, SRy are multiplied by loss
coefficients by, by, bg in the multipliers MB;, MB,, MB;
respectively. Then, the outputs of the multipliers MB; to MBj
are added together in the adder B123. The output of the adder
B123 is delivered to the adders AlA, A2A, A3A respectively.
Thus, the signal which propagates each shift register is
attenuated, which simulates the attenuation of the
reverberation tone. "as a result, the adder Al23 can output the
musical tone to which the reverberation effect is applied.

Meanwhile, the foregoing musical tone synthesizing
apparatus as shown 1n;Fig. 9 provides the delay circuits DF, to
DF, for the progressive compression wave and other delay
circuits.Dnl to DR, for the reflected compression wave, wherein
the delay times are set equal in both of DF and DR. Therefore,
the number of the delay circuits to be provided must be
increased in response to the kind of the musical tone to be
simulated. This enlarges the hardware of the musical tone
synthesizing apparatus. In addition, when the musical
synthesizing operation is carried out by the operation of the
signal processor, the times of accessing the memory must be
increased. Further, the musical tone is not sounded until the
output signal of the non-linear element passes through the
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operation of synthesizing the musical tone.

Lastly, Fig.-lz shows another conventional musical tone
synthesizing apparatus which simulates the tone-generation
mechanism of the wind instrument. In Fig. 12, 21 designates a
read-only memory (ROM), 22 designateé_an adder, 23 designates a
subtractor, and 24, 25, 26 designate multipliers, all of which
configures an excitation circuit 20 which simulates the
operations of mouth—piece and reed of the wind instrument such
as the clarinet.

Next, description will be given with respect to stored
information of the ROM 21. Of course, the wind instrument is
performed by that the performer holds the mouth-piece in his
mouth and then blows his breath into the gap between the mouth-
piece and reed. 1In this case, the sectional area of the above-
mentioned gap is varied in response to the sum of the'air
pressure in the gap and reed'pressure (which is called
"Embouchure" in French) applied to the reed when the performer
holds the mouth-piece in his mouth. The relation between the
whole pressure applied to the reed and the sectional area of
the gap is set based on the elastic characteristic of the reed,
so that non-linear relation will be established between them.
The ROM 21 stores a non-linear function table representative of
the relation between the reed pressure (i.e., input PP) applied
to the reed and the.sectional area (i.e., output S) of the gap.
Herein, based on input data PP corresponding to the reed
pressure to be used as fhe address, the output data S
corresponding to the sectional area of gap can be read from the
table. '

27 in Fig. 12 designates a filter which simulates the
transmission characteristic of the resonance tube of the wind
instrument. '

In Fig. 12, the subtractor 23 receives information P
representative of the blowing pressure applied to the wind
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instrument and information q supplied from the=fi%terw24?“wThfs~f
information q corresponds to the compression wave which
jinversely flown into the mouth-plece from the tube of the wind -
instrument. The subtractor 23 subtracts the information q from
the information P to thereby output information A P
representative of the pressure in the mouth-piece. Then, the
adder 22 adds the information A P with information E
corresponding to the foregoing reed pressure applied to the
reed when the performer holds the mouth-piece in his mouth.
Thus, the adder 22 outputs information PP representative of the
whole pressure applied to the reed. This information PP is
supplied to the ROM 21.

Then, the ROM 21 outputs information S corresponding to
the sectional area of gap to the multiplier 25. Meanwhi;e, the
multiplier 24 multiplies the information A P with ".1" to
thereby output "~/ P" to the multiplier 25. Herein, the
pressure information A P represents the pressure of the
progressxve compression wave which directs from the reed 1nt0
the tube, while "-/ P" represents the pressure of the reflected
compression wave which directs from the tube end to the reed.
Due to the multiplication carried oﬁt by the multiplier 24 -
use of the multiplication coefficient "-1", the above-ment:
pressure information /| P is converted into -AP. In the
multiplier 25, the information $§ corresponding to the secti
area of the gap formed between the mouth-piece and reed is
multiplied by the 1nformatlon -A P corresponding to the gap
pressure applied to the gap, so that multipllcatzon result
is obtained. This information FL corresponds to the flow
velocity of the air-flow which passes through the gap.

Then, the multiplier 26 multiplies the above-mentioned
information FL by information G representative of the flow-
resistance which avoids the air-flow passing through the inl
of the tube (i.e., the portion near the reed-mounting-portio
of the tube). Thus, the multiplier 26 outputs information X
Tepresentative of the pressure of the progressive compressio:
wave which progresses into the tube. This information X is
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As described heretofore, the information corresponding to
the pressﬁre of the air-flow is circulated in the closed-loop
consisting of the excitation circuit 20 and filter 27. In
short, the resonance operation is carried out in such closed-
loop. Then, based on the musical tone information picked up
from the predetermined node of the filter 27, the musical tone
is to be generated.

The above-mentioned conventional musical tone synthesizing
apparatus as shown in Fig. 12 is suitable to the wind
instrument (such as the clarinet or saxophone) in which the
reed movement depends on the pressure A P at the gap formed
between the mouth-piece and reed. However; such conventional
apparatus cannot be applied to the brass instrument such as the
trumpet which utilizes the performer's lip as the reed, wherein
the performer's lip is called "lip reed". The reasons are
described below.

In the case where the lip opening degree is relatively
small when using the lip reed, the mouth-inside pressure forces
the lip to'open, while the air pressure applied from the tube
(hereinafter, simply referred to as tube-side pressure) forces
the lip to close. However, if the lip opening degree becomes
relatively large, the tube-side bressure does not affect the
lip movement anymore. In short, in case of the lip reed, when
the mouth-inside pressure and tube-side pressure are varied,
the lip opening degree must be varied even if the preésure
difference between them is not changed. Therefore, it is not
possible to directly determine the lip opening degree based on
the pressure difference between the mouth-inside pressure and
tube-side pressure. For this reason, there is a problem in
that the conventional apparatus cannot synthesize the musical
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It is accordingly a primary object of the present
invention to provide a musical tone synthesizing apparatus
capable of carrying out the signal processings full of variety
on the musical tone.

It is another object of the present invention to provide z
musical tone synthesizing apparatus capable of synthesizing the
musical tone in real-time manner.

It is still another object of the present invention to
provide a musical tone synthesizing apparatus capable of
synthesizing the musical tone of the brass instrument.

In a first aspect of the present invention, there is
provided a musical tone synthesizing apparatus comprising:

(a) excitation means for outputting an excitation signal
based on an input signal and a feedback signal; and

(b) bi~directional transmission means for transmitting the
excitation signal outputted from the excitation means to a
terminal portion as a progressive wave signal and also feeding
back the progressive wave signal reflected by the terminal
portion to the excitation meané as a reflected wave signal,

wherein a musical tone signal on which a synthesizing
operation is effected is obtained by setting the excitation
means and the bi-directional transmission means at resonance
states.

In a second aspect of the present invention, there is
provided a husical tone synthesizing apparatus comprising:

(a) excitation means for generating an excitation signal
based on an input signal corresponding to a performance
operation and its feedback signal;

(b) signal transmission means for transmitting the
excitation signal back to the excitation means as a feedback
signal with a predetermined delay time,

wherein a signal circulated in a loop consisting of the
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excitation means and signal transmission means is picked up as
a musical tone signal on which a synthesizing operation is
effected.

Further objects and advantages of the present invention
will be apparent from the following description, reference
being had to the accompanying drawings wherein preferred
embodiments of the present invention are clearly shown.

In the drawings:: ‘

Fig. 1 is a cénceptual'view showing the construction and
operation of the wind instrument to be performed:;

Fig. 2 shows non-linear elastic characteristic of the
reed;

Figs. 3, 4 show models for explaining standing waves in
the resonance tube;

Fig. 5 is a block diagram showing an electric
configuration of the conventional musical tone synthesizing
apparatus which simulates the operation of wind instrument:

Fig. 6 shows vibration waveforms produced by the reed in
the clarinet;

Fig. 7 shows the transmission-frequency characteristic of
the resonance tube of the -clarinet;

Fig. 8 shows the transmission-frequency characteristic of
the resonance tube of the ocbhoe:; _ '

Fig. 9 is a block diagram showing detailed configuration
of the resonance circuit shown in Fig. 5;

Fig. 10 is a circuit diagram éhowing the detailed
configuration of the junction circuit shown in Fig. 9;

Fig. 11 is a block diagram showing the electric
configuration of the conventional reverberation effect applying
apparatus using the conventional musical tone synthesizing
technique; _

Fig. 12 is a block diagram showing another conventional
musical tone synthesizing apparatus;

_ Fig. 13 is a block diagram showing the musical tone
synthesizing apparatus according to a first embodiment of the
present invention;

Figs. 14A to 14C are circuit diagrams each showing the
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iﬁmltiplication-grid to be applied to the junction circuit;

Fig. 15 is a block diagram showing the musical tone

'synthesizing apparatus according a second embodiment of the

present invention;

Figs. 16A, 16B are block diagrams each showing the
detailed configuratidn of the resonance circuit shown in Fig.
15; '

Figs. 17A to 17C are circuit diagrams.each showing the
multipiication-grid; ' ]

Figs. 18 and 19 show operational processes to be executed
by the second embodiment:;

Fig. 20 shows the model of tube construction of énother
wind instrument:;

Fig. 21 shows operational processes corresponding to the
tube construction shown in Fig. 20;

Fig. 22 is a block diagram showing the reverberation
effect applying apparatus according to the present invention;
Fig. 23 is a block diagram showing-the musical tone
synthesizing apparatus according to a third embodiment of the

present ihvention;

-Fig. 24 is a graph showing the stored contents of non-
linear table shown in Fig. 23;

Fig. 25 is a block diagram showing a modified example of
the third embodiment; and

Fig. 26 is a block diagram showing another modified
example of the third embodiment.

Next, description will be given with respect to preferred
embodiments of the present invention.

[A] FIRST EMBODIMENT
Fig. 13 is a block diagram showing the electric

configuration_of the musical tone-synthesizing.apparatué
according to the first embodiment of the present'invéntion. In
Fig; 13, 101 designates a musical tone control information
generating circuit which generates musical tone control
information (representative of the scale, blowing inten51ty,

. Note~-on event, note-off event etc.) in accordance with the
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provi ded fQprecté8abperaflonabf PLEHRSALAE JP¥LalslNAenbef provided on
the wind instrument (not shown). In addition, 102 designates
an excitation circuit consisting of a non-linear element 111
and a subtractor 113 similar .to 11, 13 shown in Fig. S. The
non-linear element 111 receives the information representative
of the blowing intensity from the musical tone control
information generating circuit 101 as DC bias VA.

103 designates the resonance circuit which simulates the

resonance tube of the wind instrument. Herein, the resonance
frequency of the resonance circuit 103 is changed'ove; in
accordance with the scale information supplied from the musical
tone control information generating circuit 101. The change-
over control of resonance frequency can be carried out by
éhanging over the number of substantial states of the delay
circuits DF;, DF,, DR;, DR, etc. in the resonance circuit 103.
As the most simple method of carrying out such change-over
control of resonance frequency, it is possible to provide
switching means such as the selector and the like (not shown)
by which the non-linear element 111 to be connected to any one
of the delay circuits DF is selectiwvely connected to the delay
circuit DFi (where i= 1, 2, ...) and the subtractor 113 to be
connected to any one of the delay circuits DR is selectively
connected to the delay circuit DRj (where j= n, n-1, ...). In
Fig. 13, the closed-loop is established among the non-linear
element 111, resonance circuit 103, subtractor 113, wherein the
signal is circulated in the order: 111 -> 103 -> 113 -> 111.
However, there remains a possibility in that the closed-loop is
in the self-running oscillation condition due to the noises.
In order to avoid such self-running oscillation condition, the
non-linear élement 111 is set in the enable state at the note-
on timing, i.e., the non-linear element 111 is not set in the -
enable state at the note-off timing.

JA;, JA5, ... designate junction circuits each of which
Can be constructed by the grid circuits other than the
_foregoing four-multiplication-grid and three-multiplication;
grid. More specifically, each junction circuit can be
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digital signal processor which utilises wave gui de netiworks for the

simul ati on of a saxophone or clarinet and discloses that the tube-like

structure is simulated by

constructed by two-multiplication grid (see Fig. 14a), one-
multiplication-grid (see Fig. 14B) or four-multiplication-

regulated-grid (see Fig. 14C).

Incidentally, all of the four-multiplication-grid (see
Fig. 9), three-multiplication-grid (see Fig. 10), two-
multiplication-grid (see Fig. 14A), 6ne~multiplicat;on-grid
(see Fig. 14B) and four-multiplication-regulated-grid (see Fig.
_ 14C):have the same transmisSion characteristic when the
‘ coefficient in eacﬁ grid is constant. In other words, even if
any one of the grids is used as the junction circuit JA in Fig.

13, the same musical tone output can be obtained.

However, in order to carry out_the signal processings in
the present musical tone synthesizing apparatus by carrying out
the obefation of the digital signal processor, the times of
carrying out.the multiplication operation can be reduced by
using the two-multiplication-grid (see Fig. 14A) and one-
multiplication-grid (see Fig. 14B) as compared to the four-
multiplication-grid or three-multiplicafion—grid. Therefore,

by using such grid as the junction circuit, it is possible to
release the operation capacity and processing speed required in

the digital signal processor.

Meanwhile, the transmission gain is regulated in the four-

multiplication-regulated-grid shown in Fig. 14C. For this

reason, bylusing the four-multiplication-regulated-grid as the
junction circuit, it'is possible to avoid the event in that the

"signal level at each point in the resonance circuit 103 becomes

extremely small or large; Therefore, the four-multiplication-
regulated-grid can simplify the the level adjustment of the

signal in the resonance circuit 103.

In the above-mentioned junction circuit,

it is possible to

vary the transmission characteristic of the junction circuit by
independently varying the coéfficient of each multiplier. By
" using the grids as shown in Figs. 14A, 14B other than the four-
multiplication-grid and three-multiplication-grid as the

ted

of
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junction circuit;'it is possible to.obtain many kinds of the
transmiss;on characteristics of the Jjunction circuit. By using
the desirable grid as the junction circuit, it is possible to
carry out the delicate musical tone control.

Incidentally, the first embodiment provides the delay
circuits DF,, DF, etc. for the progressive wave signal and
other delay circuits DR;, DR, etc. for the reflected wave
signal, all of which have the same delay time. However, it is
possible to modify'the present invention such that different
delay times are used for the delay circuits DF, DR
respectively. In this case, by setting the sum of the delay
times of the modified example to be identical to that of the
delay times of the first embodiment, it is possible to generate
the same musical tone output in both of the modified example
and first embodiment. ’ |

In addition, the present embodiment discloses the musical
- tone synthesizing apparatus which simulates the wind

instrument. However, it is possible to apply the present
invention to the reverberation effect applying apparatus and
the like. Further, in the pfesent embodiment, both of the DC
bias VA and'feedback signal from the resonance circuit 103 are
supplied to the non-linear element 111 via the subtractor 113.
Instead, it is possible to use the non-linear table to which
the DC bias VA and feedback signal are directly supplied.

[B] SECOND EMBODIMENT

Next, '‘description will be given with respect to the second
embodiment of the present invention. Fig. 15 is a block
diagram sho&ing electric configuration of the musical tone
synthesizing apparatus according to the second embodiment of
the present invention. '

In Fig. 15, 201 designates a musical tone control
information generating circuit which generaﬁes musical tone
control information (representative of the scale, blowing

. intensity, note-on event, note-off event etc.) in accordance
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with the detected operation of each manual operable member

provided on the wind instrument (not shown).

In addition, 202

designates an excitation circuit. This excitation circuit 202
can be constructed by the foregoing non-linear element 11 and

subtractor 13 as shown in Fig. 5. However,

in the second

embodiment, this excitation circuit 202 is constructed by a
non-linear table 202a which is constructed by the ROM from

which the excitation signal is read based on the input VA,
output signal of a resonance circuit 203 and musical tone
control information from the circuit 201. Herein, the

information representative of the blowing intensity is supplied'

to the non-linear table 202a from the musical tone control

information generating circuit 201 as the DC bias VA. The
resonance circuit 203 simulates the resonance tube of the wind
instrument to be performed. The resonance frequency of this

resonance circuit 203 is changed over by the information

representative of the scale supplied from the musical tone

control information generating circuit 201.

As described

before, the change-over control of the resonance frequency can

be carried ocut by changing over the switching means such as the

selector by which the number of stages of delay circuits is

changed over. Further, in order to avoid the self-running

oscillation of the closed-loop consisting of

the non-linear

table 202a and resonance circuit 203 due to the noises, the
non-linear table 202a is set in the enable state at the note-on

timing only as descrlbed before.

Figs. 16A, 16B show the concrete configurations of the

resonance circuit 203. As junction circuits

JU;, JU, etc., it

is possible to use the two-multiplication-grid (see Fig. 17a),

one-multiplication-grid (see Fig. 17B) and four-multiplication-

regulated~grid (see Fig. 17C) other than the

foregoing four-

multiplication-grid. The resonance circuit as shown in Fig.

16A-provides delay circuits DFA;, DFA5, ... for the

transmission path of the progressive wave signal, while another

resonance circuit as shown in Fig. 16B provides delay circuits

DFB;, DFB,, ..; for the transmission path of
signal. In order to obtain the same musical

the reflected wave
tone output of
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. 16A, 16B must be respectively doubled as compared to those of

the delay circuit DF, DR in Fig. 9. By setting such delay

times for the delay circuits DFA, DFB, the resonance circuits

-

shown in Figs. 16A, 16B can have the same transmission-
frequency characteristic of the resonance circuit shown in ?ig.'
9. In the resonance circuits of Figs. 16A, 16B, the number of
delay circuits to be required can be reduced to half of the
number of delay circuits required in.the conventional resonance
circuit shown in Fig. 9. Further, in case of the resonance
‘circuit shown in Fig. 16B, the output signal of the non-linéar
table 202a is directly transmitted to the terminal cifcuit TRM
without passing through the delay circuits so that the musical
tone can be immediately generated when the performer starts to
generate the musical tone. ’

Next, description will be given with respect to an example
in which the signal processing of the resonance circuit'in the
present musical tone synthesizing apparatus is carried out by
the digital signal processor. In general, high-speed
processing is required in the digital signal processor so that
the digital signal processor normally carries out the operation

- . based on the pipe-line operation method. In such'method, fetch
operations of plural micro-instructions énd plural operational
stages are executed in parallel in time-overlapping manner so
that the signal processing can be carried out with high speed.
Howevér,-iﬁ the case where the output of certain junction
circuit is directly transmitted to next junction circuit
without passing through'the delay circuit as shown in Figs.
16a, 16B, it is necessary to pay a special-attention to the
execution of the operation 6f each junction circuit, which will
be described below.

Fig. 18 is a block diagram showing the configuration of
the resonance circuit shown in Fig. 16B whose signal processing
is executed by the digital signal processor. In Fig. 18, each
of J;, Jp, ... designates junction operational process, wherein

J1, J2, ... correspond to the operations (such as the addition
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and multiﬁlication) to be executed by the junction circuits
Ju;, Ju,, ..._reepectively. Herein, the process results of J,
J2, ... are temporarily held in the temporary register in the
digital signal processor (not shown). In this case, the
process result of J; is supplied to J, via the temporary
register, for example. In addition, D designates the delay.
process corresponding to the delay circuit DFB. Fig. 19 is a
conceptual view showing the operation of arithmetic-logic unit
(ALU) which is required when the junction operational processes
Jy, Jo etc. are carried out by the digital signal processor.
In Fig. 19, numbers "0" to "7" designate execution states of
micro-instructions. Hereinafter, these execution states will
be designated as STy to STy corresponding to the numbers "0" ‘to
"7" in each sample period TW shown in Fig. 19. In the present
embodiment, the period corresponding -to three execution states
'is required in order to obtain the process result of each
~junction operational process J. In addition, each sample
period corresponds to eight execution states STy to ST,. 1In
each sample period, the digital signal processor can compute
end renew the digital signal values at several points of the
resonance circuit.

As shown in Fig. 19, when the junction operational process
J; is started at state STy in first sample period TW;, its
process result is obtained at state ST,. Therefore, the next
junction operational process J, must be started at state ST3.
Similarly, the junction operational process J3 is started at -
state ST6 in Twi; J4 is started at ST; in TW,; and Jg is
started at STy in TW,. Thus, each junction operational process
can be started when its necessary data is obtained.

As descrlbed above, the junction operational processes Jg,
J4 are executed in different sample periods TW;, TWy
respectively, which causes the following problem. Herein, the
the digital signal processor counts the delay time at each
sample period, and the process result is transmitted from
certain junction coperational process to next junction
operational process based on the count value, which corresponds



9 In the drawings: Fig. 1 is a conceptual V|em15h0mnr%£rﬂgpﬁ ﬂﬁingﬂEEHY

~and operatlon of the w nd |nstrunent to be per- forned !
i near el ast Ts $iactHacBees R&pl

LT il

4
to the delay process D. For this reason, when the sample

period is changed over between the junction operational
processes Jz, Jg4, the present system judges that each process
result is not produced in real-time manner but produced at the
timing delayed by unit time. In order to avoid such event, the
present system shifts back its opefational.time by unit time if
the sample périod is changed over just before the junction
operational process is to be executed; T shown in Fig. 18
designates time correction process for shifting back the
operational time b& unit time.

In the case where the resonance tube is constructed by
connecting three tubes 231, 232, 233 as shown in Fig. 20, the
signal processing simulating the compression wave propagation
is carried out as shown in Fig. 21. 'In Fig. 21, J designates
the junction operational process, and T designates the time
correction process as similar to that shown in Fig. 18. 1In
Fig. 20, the air pressure at the tube connecting portion
coincides with the sum of the air pressures from three tubes
231, 232, 233. An adder 234 shown in Fig. 21 simulates the air
pressure at the tube connecting portion. Herein, the circuit
constructed by inverters 235 to 239, multipliers 241 to 243
simulate the reflection of the compression wave to be reflected
at the tube connecting portion and terminal portions of tubes
232, 233. Even in this case wherein the resonance tube is
constructed by three tubes, it is also possible to avoid the
count error of the delay times due to the change-over of samgie
period by inserting the time correction process T between soxs
junction operational processes J.

Next, description will be given with respect to the

. reverberation effect applying apparatus according to the
presént invention by referring to Fig. 22, wherein parfs
identical to those shown in Fig. 11 will be designated by the
same numerals, hence, detailed description thereof will be
omitted. As comparing to the circuit shown in Fig. 11, the
shift register SF; is omitted and other shift registers SR; (4
stages), SF, (N, stages), SR, (N, stages), SF3 (N3 stages), SF,
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(N3 stages) are respectively replaced by shift registers SR; A
(2N, stages), SF,A (N,-N; stages), SRpA (Np+N; stages), SF3A
(N3-N; stages), SRgA (Ng+Nj stages) in the circuit shown in

_ Fig. 22. Other parts are identical between Figs. 11 and 22.

. As described above, by omitting the shift'register SF,, it
is possible to reduce the time required to generate first
reverberation effect applied tone after the musical signal is
inputted to the c;;cuit shown in Fig. 22. As similar to Fig.
11, phase differences between the inputs and outputs of the
adders AlA, AlB correspond to 2N; stages of shift register;
phase differences in the adders A2A, A2B correspond to 2N,
stages of shift register; and phase differences in the adders
A3A, A3B correspond to 2N stages of shift regi;ter.
Therefore, the phase differences among signals to be added in
the adder Al23, B123 in Fig. 22 are identical to those in Fig.

‘11, so that the circuit shown in Fig. 22 can carry out the

signal processing equivalent to that of the circuit shown in
Fig. 11.

[C] THIRD EMBODIMENT _

Fig. 23 is a block diagram showing the electric
configuration_of the musical tone synthesizing apparatus
according to the third embodiment of the present invention. 1In
Fig. 23 of which circuit configuration corresponds to that of
Fig. 12, 31lla desiggates a non-linear table A; 315, 316
desighate ﬁultipliers; 317 designates a subtractor; 320a
designates a filter:; and 330, 331 designate adders.

The present musical tone synthesizing apparatus shown in
Fig. 23 is designed to synthesize the musical tone of trumpet.
Herein, the non-linear table A is constructed by ROM which
stores the relation between the opening area of performer's 1lir
and the combination of the mouth-inside pressure and tube-
inside pressure. Information P to be supplied from an external
device (not shown) corresponds to the mouth-inside pressure,
while information g to be supplied from the filter 320a via a
junction circuit 330 corresponds to the tube-inside pressure.



L1

istic of the resonance tube of the)oboe; Fi g. 9 i s. %%@g__@

detail ed confi gu- Thlasheamlameeﬁh Slk&SOonance circuit sho Fig. 5; Fid

i's a circuit diagr detail ed configurati bf?ﬁhBEpdﬁﬁﬁlc
circuit shown in Fi mﬂ |s a bl ock diagrams OV\;I ng the el ectrji
con- figuration of reverberation eff ct‘am‘r‘y‘rﬁg‘apm
usi ng the conventional nusical tone synth@ési zi ng technigue; Fig. 12 is

bl ock di agram showi ng anot her conven- tional nusical tone synthesizing

apparatus; Fig. 13 is a block diagram show ng t he nusi cal_ -
_ 'In a dress information to be supplied to the non—llnear table

A, upper bits (e.g., leftmost nybble) correspond to the
information P and lower bits (e.g., rightmost nybble)
correspond to the information q. Based on such address
information, information S corresponding to the opehing area of
performer's lip is read from the non-linear table A. Fig. 24
illustrates the relation between the above-mentioned
information P, g and S. Incidentally, the filter 320a is
designéd in accordance with the transmission-frequency
chéracteristic of fhe compression wave of air to be transmitted
through the tube of trumpet.

Meanwhile, the subtractor 317 subtracts the tube-inside
_pressure information q from the mouth-inside pressure
information P to thereby calculate information AP
corresponding to the air pressure at the opening of performer's
1ip. Then, the multiplier 315 multiplies the information A P
by the information S to thereby calculate information FL
corresponding to the air-flow velocity at the opening of
performer's lip. The next multiplier 316 multiplies the
foregoing information G representative of the resistance of air
flow at the inlet portion of the tube by the above-mentioned
information FL to thereby calculate the information X
representative of the progressive compression wave of air which
progresses into the tube. At the input side of the filter
320a, the junction circuit 330 consisting of the adders 331,
332 is proQided. Hérein, the adder 331 adds the information X
and output information of the filter 320a together, so that the
addition result of adder 331 is supplied to the filter 320a.
On the other hand, the adder 332 adds the output information of
adder 331 ahd output information of filter 320a together, so
that the addition result of adder 332, i.e., the foregoing
information g is supplied to the .subtractor 317 and non-linear
table A. This junction circuit 330 can simulate the scattering
of the compression wave of air at the connecting portion
between the mouth;piece and tube.

Next, description will be given with respect to the non-
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linear table A. As comparing to the foregoing non-linear table
21 shown in Fig. 5 which uses the operation result between the
information P and q as the address, the non-linear table A uses
both of the information P and g as the address directly. For
this reason, it.is possible to carry out the non-linear control
full of variety on the wind instrument tone. As described
before, based on the information S representative of the
opening area of performer's lip which is read from the non-
linear table A based on the information P and g, it is possible
to synthesize the musical tone of trumpet.

‘Fig. 25 is a block diagramJéhowipg a modified example of
the third embodiment, wherein a non-linear table B (designated
by 311b) is provided instead of the non-linear table A shown in .
Fig. 23. This non-linear table B constructed by ROM stores
information indicated as "G<A P-S" (where A P=P-q) which is
read by the address information P. By use of such non-linear
table B, it is possible to omit the multipliers 315, 316 and
the subtractor 3i7 shown in Fig. 23. Incidentally, the
junction circuit 330 is not shown in Fig. 25.

Fig. 26 is a block diagram showing another modified
example of the third embodiment, wherein low-pass filters (LPF)
318a, 318b and an adder 319 are inserted'between the non-linear
table B and filter 320a. Herein, the junction circuit 330 is
replaced by the adder 319 in Fig. 26.

According to this example, tﬁe'LPF 318a can remove the
.quantize noise to be produced due to the operation of _
converting the information P, g into the information S. Due to
the LPF 318b provided on the line from the filter 320a to the
non-linear table B, wvariation of the output of non-linear table
B must be delayed from variation of the information q, = Thus, .
it is possible to simulate the reed inertia (or lip inertia)
affecting the musical tone.

As described heretofore, this invéntion may be practiced
or embodied in still other ways without departing from the.




-

20 Fig. 15 is a block diagram show ng the nusi cal

tond{EPL!ﬁS/EME I

appar at us according-a—-seeend—etrbod- I ment of the present |HVCHL:§?:gHEET
t he detgpife

confi guration B circuit shown in Fig. 15; (}@PE@W% 74

to 17C are circ
Figs. 18 and 19
enbodi nent ;

Figs. 16A, 168 are bl ock Eia r ans each showi ng

i

spirit or essential character thereof.

aI processe% to be

ch show ng the multiplic

exec

atlian-grid;

ted by the second

For instance, it is

possible to replace the digital circuits adopted to the above-
mentioned embodiments by the software processings or analog
circuits. Further, the present invention can be applied to the
musical instrument technique which synthesizes the acoustic
instrument tones, reverberation tones etc. other than the wind
instrument tone described before. Therefore, the preferred
embodiments described herein are illustrative and not
restrictive, the scope of the invention being indicated by the
appended claims and all variations which come within the
meaning of the. claims are intended to be embraced therein.



Fig. 20 shows the rmdel of tube construction of an- ot her wi nd

i nstrument”
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"the tube co ﬂ!n;ﬂ ’u] MﬁnFlg 20; Fig. 22 is WiFATT SHERTH

show ng t he Bﬂ Iﬂ“' h ef fect applying appar at nggﬁﬁhd‘“ S bﬁﬁ
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A musical tone synthesizing apparatus characterized by

comprising:

(a) excitation means (102) for outputting an excitation

signal based on an input signal and a feedback signal; and

(b) bi-directional transmission meéns (103) for

transmitting said excitation signal outputted from said
excitation means to a terminal portion as a progressive wave

signal and also feeding back said progressive wave signal

- reflected by said terminal portion to said excitation means as

a reflected wave signal,

wherein a musical tone signal on which a synthesizing

operation is effected is obtained by setting said excitation
means and said bi-directional transmission means at resonance

states.

2.

A musical tone synthesizing apparatus according to claim 1

wherein said bi-directional transmission means includes:

(a) two series of delay circuits (ﬁFl, DRy, ...) wherein

one series of delay circuits are disposed in a progressing

direction to thereby transmit said progressive wave signal and

another series of delay circuits are disposed in a reflectlng

direction to thereby transmit said said reflected wave signal,

each of said delay circuits delaying said progressive wave

signal or reflected wave signal by a predetermined delay time:;

and

(b) a plurality of junction circuits (JA;, JAy, ...) each

provided for scattering said progressive wave signal and said

:eflected wave signal, said plurality of junction circuits

being inserted between said two series of delay circuits.

3. A musical tone synthesizing apparatus according to claim 2

wherein a two-multiplication-grid circuit including two
multipliers is applied as said junction circuit. .

4. A musical tone synthesizing apparatus according to claim 2



F|g 25 is a block diagram showi ng a further nmodi -

F-ed-exanple—and-
Fig. 26 showi ng anot her nodi fi ed R@gﬁgﬁf@ﬁ“ﬂ_%HﬁE&

grez(s:relnft [ ﬁm“mmm“‘mﬁ“ with respect to pre- ferred zéngg;j;;"ﬁ

3¢

wherein a one-multiplication-grid circuit including one
multiplier is applied as said junction circuit.

5. A musical tone synthesizing apparatus according to claim 2
wherein a four-multiplication-regulated-grid circuit including
four multipliers is applied as said junction circuit.

6. A musical tone synthesizing apparatus according to claim 2
wherein sum of the delay times of said delay circuits is set in
response to a kind of a musical}tone to be generated and the
delay time of said delay circuit for said progressive wave
signal does not balance with that of said delay circuit for
said reflected wave signal.

7. A musical tone synthesizing apparatus characterized by
comprising:

' (a) excitation meéns_(3lla; 311b) for generating an
excitation signal based on an input signal corresponding to a
perfofmance operation and its feedback signal;

(b) signal transmission means (320a) for transmitting said
excitation signal back to said excitation means as a feedback’
signal with a predetermined delay time,

wherein a signal circulated in a loop consisting of said
excitation means and signal transmission means is picked up as
a musical tone signal on which a synthesizing operation is
effected.

8. A musical tone synthesizing apparatus'according to claim 7
wherein said excitation means is constructed by a memdry from
which a pre-stored excitation signal is read out based on said

input signal and feedback signal used as addresses to said
memory.

“This Sheet Has Been Replaced




.21 [A] FIRST EMBODI MENT Fig. 13 is a block diagram show ng the

el ectric con- figuration of the nusical tone synt hesi zj

according to the first enbodi nent of the present inveniREPIGACEMENT SHERP
101 designates a nusical tone control information genefafrmg-crrecurt—whiLh
generates nusical tone control infor rYB.tI?O.}I-‘l (representative :pé Dtéte.@gal P

ABSTRACT:

MUSICAL TONE SYNTHESIZING APPARATUS

A musical tone synthesizing apparatus which synthesizes a
musical tone signal in response to the wind instrument, brass
instrument and the like pfovides an excitation circuit (102)
and a resonance circuit (103). The excitation circuit
simulates the operations of the reed, mouth-piece and the like,
while the resonance circuit which operates as the bi-
directional transmission path simulates ‘the resonance tube.
The excitation signal generated from the excitation circuit is
transmitted through the.resohance ciréuit consisting of delay
circuits and junction circuits. Thereafter, the transmitted
signal is reflected by the terminal portion, and the reflected
signal is transmitted through the resonance circuit and then
fed back to the excitafion circuit. Thus, the excitation
signal is circulated in the loop consisting of the excitation

" circuit and resonance circuit. Based on ‘the signal picked up
from this loop, it is possible to obtain the synthesized
musical tone signal which simulates the wind instrument tone
and the like.

FIGURE 13

Thls Sheet Has Been R
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blow ng intensity, note-on event, note-off event etc.)'in'accordance wth

t he detected operation of each manual operabl e nenber provi

creton—the—w-ae—
i nstrument (not shown). |In addition, 102 designates an.exci&ﬁﬂiﬁﬁiﬁﬂﬂiﬁﬂﬂEET

consisting of a non-linear elenent 111 and a subtractor 113 3fn1bar“to TT,
h

13 shown in Fig. 5. The non-linear el- enent 111 receives t

i st%'sg?tww

representative of the blowing intensity fromthe nusical tadné contr

i nforma- tion generating circuit 101 as DC bi asfVA. 103 desi gnat es -t-hel
resonance circuit which sij - w nd
instrument. Herein, the the reseonance ciTtuirt—103—rs~

/ 2ﬁ\’ { ﬁ ‘ IE
2
2A f L =1
FIG.1
OUTPUT '11
\
NON-LINEAR -
ELEMENT 12
| Y/
INPUT RESONANCE
13 | CIRCUIT
VA
FIG.2 - hNG.5
(PRIOR ART)
] | f—t
| n=1 ——]n=t
FIRST MODE i ~ FIRST MODE
< n= : = n=2
SECOND MODE THIRD MODE
THIRD MODE - FIFTH MODE '
FIG.3 FIG.4a
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changed over in accordance with the scale information supplied fromthe
musi cal t.one control information gen- erating circuit 1C§E

control of reso- nance frequency can be carried out by d c?ggggﬁﬂﬁggg
nunber of substantial states of the delay circuits DF[err]], DE[err
DR[err], DR[err] etc. in the resonance circuit 103. As tihg n%étDEﬁhﬁ%e
met hod of carrying out such change- over Zontrol of resgnance frequency t
is possible to pro- vide switching neans such as the selfector and the Tik
(not shown) by which the non-linear elenent 111 to be correscted.to any gne
of the delay circuits DF is selec- tively connected to the delay circuit.
DFi (where i= 1,

vV

D3 147Hz

STRONG-BLOWING D3 STANDARD .
: TONE ~ BLOWING TONE D3 WEAK-BLOWING
AV "’
D4 294Hz - F4 349Hz
STRONG-BLOWING Da WEAK BLOWING  STRONG-BLOWING
TONE
- - A4 44QHz Cs 523Hz
Fa WEAK-BLOWING STRONG-BLOWING  STRONG-BLOWING
TONE TONE TONE

J\/\N VAVAS

FIG.6

Thls Sheet Has Been Rep laced
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2, ...) and the subtractor 113 to be connected to any one of the del ay
circuits DR is selectively connected to the

22 delay circuit DRJ (where j=n, .n-1, ...). In Fig

" 'KFPLACEMENT SHEET
3 56 DEC 1996
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~closed-loop is established anong the non-linear ele- pent 111 resonance
circuit 103, subtractor 113, where- in the signal is
.order: 111 -> 103 -> 113 -> 111. However, there renais; ﬂgﬂﬁﬂﬁEhKWSHEErn
that the closed-loop is in the self-running oscillati 2£cond|t|on9gue 0
t
h

the noises. In order to avoid such sel f-running oscil &b BbRd¥ he
non-linear element 111 is set in the enéble state at’ note-on timjing,
i.e., the non-linear element 111 is not set in the enpble state at the
not e-of f ti m ng. JAl, JA2, ... designate junction-gitcuits narh of

whi ch can be constructed by the grid circuits other than

MUSICAL TONE
OUTPUT 1o

-——-..F
DFr [ | DF2 N
FROM ! ; . |
NON-LINEAR ] | e !
ELEMENT 11 ! | f !
| ; X 'gp !
| | DFn. : ML|
| I : 3
1 l 11 b
: : [V
] 1
| } 1 |DCB| !
TO ADDER 13— ; - 2-2!23: E
| | i
' DR i_ _____ _E
FI1G.9©
(PRIOR ART)
FI1G.10
(PRIOR ART)
_____———/‘_”/
ot Has Been Replaced
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the foregoing four-nultiplication-grid and three-nultipli- cation-grid.
More specifically, each junction circuit can be constructed by

two-rmul tiplication grid (see Fig. 1 4A), one-nultiplication-grid (see Fig.
1 4B) or four-multiplica- tion-regulated-grid (see Fig. 14C). _
Incidentally, all of the four-multiplication-grid (see Fig. 9),
three-nultiplication-grid (see Fig. 10), Stwo-nul- tiplication-grid (see
Fig. 14A), one-nultiplication-grid (s Flg 14A12nﬁ123
four-mul tiplication- reg ed-grid (s ve t Re SQ‘MTPUT
transm ssi on char !
constant. In ot h{

rid{}s
Ised as t he

INPUT |
FIG.11

21 S
\
NON-LINEAR : MUSICAL
TABLE e ~--4-— TONE
\ OUTPUT

FILTER,

™\ 20

FIG.12 N S
(PRIOR ART) || 26Decwss
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junction circuit JAin Fig. 13, the sane nusical tone out- put can be

obt ai ned. However, in order to carry out the signal process- ings in
the present nusical tone synthesizing apparatus by carrying out the
operation of the digital sighal proc- essor, the tinmes of carrying out the
mul tiplication oper- ation can be reduced by using the two-nultiplication-
grid (see Fig. 1 4A) and one-nmultiplicat@on-grid (see Fig. 144B) as
conpared to the four-nultiplication-grid or three-rmultiplication-grid.:
Therefore, by using.such grid

MUSICAL TONE conTroL |~ 101

INFORMATION | . | |
GENERATING CIRCUIT MUSICAL TONE
| OUTPUT
_ 1
1M1 | DF1 DF2  DF3 TRM
NON-LINEAR {h / 2 .-
ELEMENT Z r'Z_“f}' 2"
VA - | 1
) N ‘gl..., _g_ } Eb. ______
113 DRn ) DRn-1 \ DRn-2
JA1 JA2
102: EXCITATION 103: RESONANCE
| CIRCUIT CIRCUIT
FIG.13
v1-kn?
>
V A-kn
Oamd
V1-kn?2

FIG.14aA FI1G.14B FIG.14C

REPLACEMENT SHEET
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23 as the junction circuit,

Meanwhi | e, the transmission gain is regulated in
four-nultiplication-regulated-grid shown in Fig.

7

it is possible to rel ease t
capacity and processing speed required in the dig- ital

S
t he
14C. For

MUSICAL TONE CONTROL |
INFORMATION MUSICAL TONE
GENERATING CIRCUIT OUTPUT
.‘ t
NON-LINEAR|[ [ RESONANCE
TABLE CIRCUIT
¥
20/2a / | )
202 : EXCITATION 203
CIRCUIT
FIG.15
MUSICAL TONE
DFA1  DFA2  DFAS °U]"”T
2 - Lot -
} \ \
N JU1 JU2 TRM
202
_F I G -1 GA MUSICAL TONE
. / / _J
DFFn
[ o) | _qu-zn | ‘-213'_-..--_
3
T DFBn-1 ~ DFBn-2
AW 2  TRM
FI1G.16 B

This Sheet Has Been Rep laced




this reason, by using the four-nultiplication-regulated- grid as the
junction circuit, it is possible to avoid the event in that the signal
‘level at each poi'nt in the reso- nance circuit 103 becomes extrenely small
or large. Therefore, the four- rrultl plication-regulated-grid can sinplify

t he the Ievel adj ust ment’ of the —tHhe res- onan cwt 103.
is possi- H kn vary t he

_ e e &+ rcuit By 3
varying the coe rent of each mult . By using tije gridsfas shown in
Figs. 1 4A 14B o\ kp han the four-nulAiplication- grlandteﬁ mul tipli-

FIG 17A FIG 17B  FI1G.17C

N e el
J1 J2 J3 T Ja J5 36
— KD D - = D = - D = Hol- L
FI1G.18
0|1]|2|3|4|5|6|7|0]1|2]|3|4|5(6(7|0{1]|2{3[4]|5{6|7
([ J1
J4
PROCESS<
IN ALU _ -
1 J2
Js5
J3
) J6
FIG.19 @Emggg@jg SHEET
| o6 DEC 1996
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cation-grid as the junction circuit, it is possible to obtain nmany kinds of

t.he transm ssion characteristics of the Junctlon circuit.

desi rabl e grid as the junc- tion circuit, it is passible
In the first embodi meft

del i cate musi cal tone control
I nvention the delay circuits DF[err], DF[err] etc. for t
sig- nal and other delay circuits DRlerr8, DRl err] etc.

wave signal are such that different delay tines are used f{o
hé sum of the del ay

o“m%ﬁ%*ﬂe?ay%frﬂeGM‘

circuits DF, DR respéctively. .In this case, by setting t
tinmes. of the nod- ified exanple to be identical to that
of :

FIG.21
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for
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the first embodinment, it is possible to generate the

out put in both of the nodi fi ed exanple and first enb

‘addition, the present enbodi ment- di scl oses ‘the nusi cal. tone sgnth
}bwwr\lvéB

apparatus which sinulates the wind instrunent.

"apply the present invention to the.reverberation ef f elct

10
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R S

| appl yi ng
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24 - apparatus and the like. Further, in the present enbodi- nment, both
qf the DC bias VA and feedback signal fromthe resonance circuit 103
suppl ied to the non-linear element 111 via the subtrac TV t
is possible to use the non-linear table to which the -

11 -

P
FI1G.24
311b
— .
NON-LINEAR
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TABLEB | TER
p—m=m 1 | B—
R
320a
FiI1G.25
il e— T VS
NON-LINEAR |
s
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320a
FIG.26
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be given with respect to the second ga¥y DR
Fig. 15 i-s a bl ock diagram shopi pa-~el.eck

he nusical tone synthesizing appags AC C

of the present inventipn. | n gj"f‘

trol information generating mrcui‘ N

musi-cal --t one cont M%IdAﬂf Ofdmtlm-rgggmg@emmnmg)f

Description | } DATE

The present invention relates to a musical tone syn-

thesizing apparatus which is adaptable to an electronic

musical instrument.

The conventionally known electronic musical instru-
ment provides a waveform memory which pre-stores a
musical tone waveform generated from a non-electronic
musical instrument (hereinafter, simply referred to as
"acoustic instrument") and the like. Then, the stored mu-
sical tone waveform is read from the waveform memory
in response to an operation of a performer, so that a mu-
sical tone is to be generated based on the read musical

. tone waveform. In addition, the high-grade electronic

musical instrument carries out certain operation on the
read musical tone waveform, or executes the process
of synthesizing plural musical tone waveforms. Thus,
such high-grade electronic musical instrument can re-
produce the musical tone with high fidelity.

Meanwhile, sounds actually generated by the
above-mentioned acoustic instrument will be varied in
‘accordance with the performance technique or environ-
mental condition. In case of the wind instrument such
as the clarinet, its musical tone waveform, even in the
same scale, is varied in accordance with the blowing in-
tensity, so that the audience can feel such variation of
the generated musical tone waveform as the variation
of tone color. This phenomenon will be explained later.

In order to reproduce the above-mentioned musical
tone waveforms full of variety with high fidelity, the elec-
tronic musical instrument must provide the waveform
memory capable of storing many kinds of waveforms
and operation means capable of executing the compli-
cated waveform processings. However, it is difficult to

embody such electronic musical instrument based on

the conventional techniques.




blowing intensity, note-on event, note-off event etc.) in RﬁppggEMngHﬁET

the detected operation of each manual operabl e nenber pro
instrument (not shown). In addition, 202 designhates an exg¢itfa 8N, ;+1§w
This excitation circuit 202 can be consgructed by the foreggi n% n‘éﬁ flea
el ement 11 and subtractor 13 as shown in Fig. 5. However, {in_the second i
enbodi nent, this excitation circuit 202 is constructed byjla non-Ilinear
tabl e 202a which is constructed by the ROM from whi ch t he Llexeitatt+enr—si-ghrat

and o ca v one conf) SEETISeErFH 0N e pesgrRameg L7,
ty. apanese Patent Lald Open Publtcatlon No.
63-40199 discloses another conventional instrument
which models on the tone-generation mechanism of the
acoustic instrument to thereby reproduce the musical
tone generated by the the acoustic instrument without
using the waveform memory.

Next, description will be given with respect to the
simulation model of the acoustic instrument and the mu-
sical tone synthesizing apparatus using the simulation
model in case of the wind instrument.

Fig. 1 shows the most simple model of the wind in-
strument consisting of a resonance tube 1 and areed 2
made of elastic materials. When the performer blows his
breath 2A into the reed 2, the reed 2 is bent due tobreath
pressure PA in the inside direction of the tube 1 (i.e.,
direction 2F). Since the reed 2 is elastic, the reed 2 is
vibrated by the breath 2A. As aresult, the pressure wave
(i.e., compression wave) of air is produced in the inside
of the tube 1 and reed 2. Then, such compression wave
F progresses toward a terminal portion 1E of the tube
1. Thereafter, the progressive compression wave F is
reflected by the terminal portion 1E so that reflected
compression wave R is occurred. This reflected com-
pression wave R is returned to the reed 2. Thus, the reed
2 is affected by pressure PR corresponding to the re-
flected compression wave R. As a result, the following
pressure P is applied to the reed 2.

- P=PA-PR (1)

Thus, the reed 2 vibrates in accordance with the above-
mentioned pressure P and elastic characteristic thereof.
Fig. 2 shows an example of the elastic characteristic of
‘the reed 2, i.e., relation between the pressure P (i.e.,
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WREPB@CE@E&ﬁSgg‘“ ve of the blowng intensity is éup- plied to the
i JP" .
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pn generating circuit 201 as the BEbtas

3

INRUT) and displacement of the reed 2 (i.e., OUTPUT).
As shown in Fig. 2, the displacement of the reed 2 varies
in connection with the pressure with non-linear curve. If
the pressure P reaches certain saturation level, the dis-
placement of the reed 2 does not vary.

In the case where the vibration frequency of the
reed 2 becomes equal to the resonance frequency of
the tube 1 (which wili be described later), the resonance
phenomenon will occur so that the large compression
wave is obtained from the tube 1. Due to such large com-
pression wave, the wind instrument can produce the
sound. '

More specifically, in the case where the air vibration
is occurred at the specific frequency (i.e., resonance fre-
quency) determined by scale L of the air column of the
tube 1, the standing wave of the air compression wave
is produced in the direction of scale L (i.e., longitudinal
direction of tube 1), sothat the large vibration is obtained
in the tube 1. This phenomenon is called as the forego-
ing "resonance phenomenon".

Next, description will be given with respect to the
relation between the above-mentioned scale L of the
tube 1 and wavelength of the standing wave. If both edg-
es of the tube are open as shown in Fig. 3 so that the
air particles can freely move at the edge portions of the
tube, amplitudes of the compression waves F and R go

Jmaximum. In this case, the reflected compression wave

R has the inverse phase of the progressive compression
wave F at the terminal portion. Therefore, wavelength
*w" of the standing wave which is produced in the tube
1 is indicated by the following formula (2).

w = 2U/n (2)

.where n = 1,23, .. |
Fig. 3 shows three standing waves when n equals 1, 2,
3 respectively.



VA. The resonance circuit 203 sinulates the resonance tREP&:AGEMEMTVS
instrunent to be perfornmed. The reso- nance frequency pf]
circuit 203 is changed over by the information represepthptiog My 199¢ sic
supplied fromthe nusical tone controli:gornation gengr '

rol of the reés
can be carried out by changing over the sw tching neans such as the

As descri bed before, the change- over co

ET

tThis T é"msonanceﬁ

ating circuit 2
orance frequetcy

| e
1.

sel ector by whi ch frheoptrast wiestaneedde ddithe ttibeis closed asanged over.

cllosed i oop contitif Big 438 Bt tid &l pAiReSEannel

the following formula (3).
W= 4L/(2n-1 )

,where n = 1,2, 3, ...

hﬁ&véfatt he

_ : resonance circuit
203 due to thethe closed edge portion of the tube, amplitudes of the

compression waves F and R become zero. Therefore,
wavelength w of the standing wave can be indicated by

(9

Fig. 4 shows three standing waves when n equals 1, 2,

3 respectively.

When the air vibration having resonance frequency
fn (as indicated by the following formula (4)) is given to
the tube 1 by the reed 2, the foregoing resonance phe-

nomenon occurs in the tube 1.

fn=c/w

(4)

,where c represents propagation velocity of the

compression wave F, R.

Thereafter, since the reed 2 vibrates in synchronism
with the standing wave in the tube 1, the resonance is
maintained in the tube 1. More specifically, when the
reed 2 is bent in direction 2F, the progressive compres-
sion wave F is produced. Then, this compression wave
F is reflected by the terminal portion 1E so that the re-
flected compression wave R is produced. Thereafter,

this reflected compression wave R bends the

reed 2in

direction 2R (which is the inverse of the direction 2F) so

that another progressive compression wave

F is pro-

duced. This wave F is reflected by the terminal portion
1E and then returned to the reed 2. Therefore, another
reflected compression wave R bends the reed 2 in di-
rection 2F again. Thus, reed 2 continues to vibrate in
synchronism with reciprocating motion of the compres-

sion wave (i.e., vibration of the standing wave).



noi ses, the non-linear table 202a is set in the enable state at the note-on
timng only as described before. Figs. 1 6A, 168 show the concrete
configurations of the resonance circuit 203. As junction circuits JUerr],
JUerr] etc., it is possible to use the two-nultiplication-grid (see Fig.
17A), one-multiplication-grid (see Fig. 17B) and

four-mul ti pli cat | on- neouaLofsaM 1brbtoRE, dhelEda 2 eratdein K9A- of egoi ng
g

four-multiplication- SO- nance’'circult, as shown in

provi des del ay cighranism with| the stapcipgr wave of $t¢m5§ﬂ%‘gl on pat h
of the pro- gressyugg Vﬁ*lé't@BéH éﬂ‘g}_@ ﬂfﬁ@tré%bﬁéﬁ@é‘%‘ﬁ@ammﬁ%@ as shown
in Fig. 16B prOV|des de ay Circuits

and consequently the wxnd instrument can generates

the sound continuously. Herein, the reed 2 vibrates in

non-linear manner, so that the compression waves F, R

include higher harmonic components. In addition, the

tube 1 has a plenty of different resonance frequencies

as indicated in the foregoing formulae (2), (3). Thus, it

is possible to obtain the air vibrations having different

resonance frequencies in the tube 1.

Fig. 5.is a block diagram showing an electric con- -

figuration of the musical tone synthesizing apparatus
“which is obtained by simulating the tone-generation
mechanism of the wind instrument as described hereto-
fore. Incidentally, this configuration as shown in Fig. 5
is not limited to the wind instrument, but it is possible to
apply this configuration to other instruments such as the
string instrument.

In Fig. 5, 11 designates a non-linear element which
simulates the operation of the reed 2, 12 designates a
resonance circuit which simulates the tube 1, and 13
designates a subtractor which simulates the foregoing
subtraction operation (1) which is applied to the reed 2.
This subtractor 13 subtracts an output signal of the res-
onance circuit 12 (corresponding to the foregoing re-
flected compression wave R) from an input signal VA
(corresponding to the foregoing breath pressure PA).
Then, the subtraction result of the subtractor 13 is sup-
plied to the non-linear element 11.

According to the configuration as shown in Fig. 5,
DC bias is effected on the non-linear element 11 by the
input signal VA. Then, the output of the non-linear ele-
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DFB[err],

for the transm ssion path of the reflect
order. to obtain the sanme nusical tone output of Fig. 9 -y~ tThgs |of
the delay circuits DFA, DFB in Figs. 1 6A, 16B nust be}r speé:w%do bl ed
as com pared to those of the delay cirguit DF, DR in Fi etti

such delay tinmes for the delay circuits?DFA, DFB t he

shown in Figs.
characteristic of the

esonanc
1 6A, 1 6B can have the sane transnissi

ment 11 is supplied to the resonance circuit 12. There-
after, the output of the resonance circuit 12 is supplied
to the non-linear element 11 via the subtractor 13, so
that the non-linear element 11 is excited. Thus, the cir-

_ cuit shown in Fig. 5 carries out the oscillation operation.

Herein, the non-linear element 11 is designed such
that its /O characteristic will simulate the non-linear
characteristic of the reed 2. This non-linear element 11
can be embaodied by the known non-linear element such
as the diode. Or, the non-linear element 11 can be em-
bodied by a read-only memory (ROM) which stores the
desirable non-linear function to be read out. As de-
scribed above, the 1/O characteristic of the non-linear
element 11 can be designed to coincide with that of the
reed. Thus, it is possible to obtain the output waveform
of the non-linear element 11 which coincides with the
vibration waveform of the reed.

Fig. 6 illustrates several vibration waveforms of the
reed in the clarinet. As shown in Fig. 6, strongly-per-
formed tone and weakly-performed tone both belonging
to the same musical scale have different vibration wave-
forms so that these tones are sounded in different tone
colors in the wind instrument such as the clarinet. Here-
in, the vibration waveform of the weakly-performed tone
is close to sine-waveform. On the other hand, the level
of the vibration waveform of the strongly-performed tone
is limited into the range defined by LL and LU which are
determined by the elastic limit of the reed, so that the
peak-portion of the vibration waveform of the strongly-
performed tone must be distorted as compared to that
of the sine-waveform. Such waveform distortion can be
indicated by the variation of the output waveform of the
non-linear element 11 whose bias-point is varied by the

W‘% SHEET
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26 resonance circuit shown in Fig. 9. In the resonance JREPLACEMENT SHEFE.
16A, /16B, the nunber of delay circuits to be required can He"Tedguced t o
hal f of the nunber of de- lay circuits required in the canvienbicpply 1997
resonance cir- cuit shown in Fig. 9. Further, in case of {the fesonance
circuit shown in Fig. 16B, the out put si79nal of the non- | i‘rear—table—202a
Is directly transmtted to the term nal

- input signal VA corresponding to the breath pressure
'PA. In case of the weakly-performed tone, the bias-point
of the non-linear element 11 is limited in certain linear
range since the breath pressure PA is relatively small,
so that the output signal of the non-linear element 11
has the waveform close to the sine-waveform. In case
of the strongly-performed tone, the bias-point of the
non-linear element 11 is in the non-linear range since
the breath pressure PA is relatively large, so that the
output signal of the non-linear element 11 has the wave-
form including a plenty of higher harmonic components.

Next, description will be given with respect to the
resonance circuit 12 in detail. This resonance circuit 12
is designed to correspond to the shape of the resonance
tube of the wind instrument to be simulated. Fig. 7 illus-
trates the transmission-frequency characteristic of the

‘resonance tube of the clarinet, while Fig. 8 illustrates
the transmission-frequency characteristic of the reso-
nance tube of the oboe. As shown in Figs. 7 and 8, the
transmission-frequency characteristic of the tube of the
wind instrument has a plenty of peak portions each cor-
responding to each of the resonance frequencies which
are determined by the tube shape. Incidentally, the re-
lation between the resonance frequency and tube shape
can be indicated by the foregoing formulae (2), (3).
Thus, the air vibration produced by the reed of each wind
instrument is applied to the resonance tube, so that each
wind instrument can generate the sound having the spe-
cific and unique tone color.

Fig. 9 illustrate the circuit which is obtained by sim-
ulating the transmission-frequency characteristic of the
tube portion of the wind instrument. This circuit shown



circuit TRMw thout passing through the delay circuits
tone can be imedi ately generated when the perforner
nmusi cal tone. Next, description will be given w't
anple in which the signal processing of the resonanc Hétﬁ%mg’m
present nusical tone synthesizing appara-8 tus is carrj y the

,;§Lcal
g t he

idital

signal processor. In gen- eral, high-speed processing i5 r equir-ed-+n-t h

digital sig- nal processor so that the digital signal processor nor -
carries out the operation based on the pipe-line oper

met hod, fetch operations of plural mcro-instructions and plural
operational stagedig. 9 can be used as the foregoing resonance circuit

12 shown in Fig. 5. In Fig. 9, DF, to DF,,, DR, to DR,
designate delay circuits each configured by the multi-
stage shift register (having three stages or more in gen-
eral). These delay circuits simulate the transmission de-
lay of the compression wave in the tube. Herein, the de-
lay circuits DF4, DR, correspond to the tube portion
which is the closest to the reed 2, while Df,, DR, cor-
respond to the tube portion which is the closest to the
end portion 1E. The delay circuit DF, inputs the output
signal of the non-linear element 11 shown in Fig. 5,
whereas the subtractor 13 inputs the output signal of the
delay circuit DR, |

J¢, Jo in Fig. 9 designate junction circuits each sim-
ulating the scattering of compression wave which oc-
.curs at the portion of connecting two tube portions each
having the different diameter in the resonance tube of
the wind instrument. Herein, each junction circuit "J" is
designed as "four-multiplication-grid" consisting of mul-
tipliers M4 to My andadders A, A,. In the junction circuit,
"1+kn", "-kn", "1-kn", "kn" designate coefficients which
are multiplied by the input signals of the multipliers M,
to M,. These coefficients are determined in response to
the signal scattering characteristic of the wind instru-
ment. Then, the signal transmission is made by the junc-
tion circuits among the neighboring delay circuits. For
example, the output signal of the delay circuit DF, is sent
to the delay circuit DF, via the multiplier M, in the junc-
tion circuit J,, while the output signal of the delay circuit
DR, is sent to the delay circuit DR, via the multiplier
M3 in the junction circuit Jy.

Instead of the above-mentioned junction circuit, the

maj |y
n such
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are executed in parallel in time-overlapping manner so thaf ghWe sTgnal
processi ng can be carried out wth high speed. However, injthe ?QSQAMMQEB
t.he output of certain junction circuit is directly transm tited To next
junction cir- cuit w thout passing through t he del ay cir cuilt ‘as—shewr—tHa—
Figs. 1 6A, 1 6B, it is necessary to pay?a special atten- tlion to the

execution of the operation of each junction circuit, which wtt—te
descri bed bel ow. Fig. 18 is a block diagram showi ng the configuration

O cont o by ne Tarepong sines et LRI BUBERRFERES, 19 ) <
Jlerr] ... desi gmpigy) §9ngidBsesetiae junction circuit designed by
"three-multiplication-grid" as shown in Fig. 10. In Fig.
10, Mg to M7 designate multipliers, Ag to Ag designate
adders and 1V2 designates an inverter. In addition, "kn”
designates a coefficient which is multiplied by the input
signal of the multiplier My. Similarly, "gm" and “1/gm"
designate coefficients which are respectively multiplied
by the multipliers Mg, Mg. Herein, the coefficient gm is
determined by the foliowing formula (3).

am = [(1-kny/(1+kn)]>°

By setting the coefficient as described above, the trans-
mission gain is regulated. |

In Fig. 9, TRM designates a terminal circuit which
simulates the terminal portion 1E of the resonance tube
1. Herein, the output signal of the non-linear element 11
is passed through the delay circuits DF, to DF ; and junc-
tion circuits Jy, Js ... and then supplied to the terminal

circuit TRM. ML designates a multiplier which simulates
the energy loss which is occurred when the compres-
sion wave is reflected by the terminal portion 1E. This
multiplier ML multiplies the output signal of the delay cir-
cuit DF , by certain loss coefficient gl, and then the mul-
tiplication result is supplied to a phase inverter IV. This
phase inverter |V simulates the phase inversion which
is occurred between the reflected wave and progressive
wave when the terminal portion 1E is not closed but
opened. Therefore, when the terminal portion 1E is
closed, the phase inverter |V is not required. Then, DC
components of the output signal of the phase inverter
IV is removed by DC removing circuit DCB. Thereafter,
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the output signal of the DC removing circuit DCB is sup-
plied to the delay circuit DR,. This output signal is finally
supplied to the adder 13 shown in Fig. 5 via the delay
circuits DR, to DR, and the junction circuits J,, Jy, ...

The sum of delay times of the delay circuits DF,
DF,, DR, to DR, is determined in response to the fre-
quency of the musical tone to be sounded. Actually, the
propagation velocity required when the progressive
compression wave F propagates from the reed to the
tube end portion coincides with the propagation velocity
required when the reflected compression wave R prop-
agates from the tube end portion to the reed in the wind
instrument. For this reason, the circuit shown in Fig. 9
is designed such that the sum of delay times of the delay
circuits DF, to DF , is set equal to the sum of delay times
of the delay circuits DR, to DR,

As described herstofore, the non-linear element 11
and resonance circuit 12 shown in Fig. 5 are designed
by simulating several portions of the wind instrument.
By using the circuit shown in Fig. 5, it is possible to syn-
thesize the desirable wind instrument tone. In case of
the string instrument such as the guitar other than the
above-mentioned wind instrument, the non-linear ele-
ment 11 is designed in response to the elastic charac-
teristic of the string and the resonance circuit 12 is de-
signed in response to the length of the string, by which
the circuit shown in Fig. 5 can simulate the string instru-
ment tone. Meanwhile, it is possible to make the rever-
beration effect applying apparatus by use of the above-
mentioned resonance circuit, for example.

Meanwhile, in the case where the operation of the
musical tone synthesizing apparatus is embodied by op-
erational processes executed by signal processors, the
conventional musical tone synthesizing apparatus uses



|ly. Herein, the process results of J[err], J[err], ... are te BE.LACENEWHTSHEE

held in the tenporary register in the digital signal processor |( ot %¢ﬁ§§l997
In this case, the process result of J[err] is supplied to J[err]

tenporary register, for ex- anple. In addition, D designates the delay
process cor- responding to the delay circuit DFB Fig. 19 is a concep- tual

ngﬁ/fﬂgmjﬂﬁéﬁsgﬁréggﬁaé nHE&ﬂEﬂQ@B&S@éﬁaéa g%éﬂ%Fhﬁgkcaare carried out
by the digit gloigrdastesrisdtionidirduig, which thuré:tw ind@ades " 7" designate
o the times of carrying out the multiplication in each junc-

tion circuit. Therefore, in order to embody the desirable

signal processing speed, the conventional apparatus re-

quires high processing ability for the signal processor,

which raises a problem in that the circuit configuration

must be complicated. Instead of the foregoing grid cir-

cuits to be used as the junction circuit, it is possible to

use other circuits as various junction circuits having var-

jous transmission characteristics. In this case, it is pos-
sible to obtain the variation of the signal processings by

varying the coefficient to be used in each multiplier in-
cluded in the junction circuit.
Next, description will be given with respect to the

conventional reverberation effect applying apparatus by

- referring to Fig. 11. In Fig. 11, SF, to SF;, SR, to SR,
designate shift registers each simulating the transmis-
sion delay of reverberation tone; IV1A to IV3A, IVIB to
IV3B designate inverters; MA, to MA;, MB, to MB, des-
ignate multipliers each simulating the attenuation of re-
verberation tone; and A1A to A3A, A1B to A3B, A123,
B123 designate adders each simulating the convolution
of the reverberation tones which are convoluted in the
acoustic space. In addition, each of three pairs of the
shift registers SF,, SR,; SF,, SA,;, SF; SHj corre-
sponds to the transmission path of one reverberation
tone in the acoustic space. Further, the number of stag-
es of each shift register (represented by numerals N;,
Ny, N) is determined in response to the transmission
delay time of the transmission path of reverberation tone
to be simulated. .

| Next, description will be given with respect to the
operation of the above-mentioned reverberation effect




ecution states of micro-instructions. Hereinafter, these ex

w Il be designated as ST[err] to ST[err] cor- responding to}the n#%ﬁf‘?‘?‘ﬂo

to "7" in each sanple pe- riod TWshown in Fig. 19. In the pres

enmbodi nent ,

quired in order to obtain the process r&ult of each junc-
I n addition, each sanple pe- riod corresponds toleight—

states ST[err] to ST[err]. In each sanple period, the digital signa

process J.

the period corresponding to three execution statfeb is_re-

I on operati onal

ax-ecHt+tomr—

processor can conpute and reneM/the digital signal values at several points
of the resonance circuit. shown in Fig. 19, when the junction

oper ati onal

B123, and then the output of the adder B123 is suppliea
to the shift registers SF,, SF,, SF; via the adders A1A,
A2A, A3A respectively. The input signal of the shift reg-
ister SF, is delayed by the predetermined delay time
and then inverted by the inverter IV1B. The output of the
inverter IN1B is supplied to the shift register SR, via the

- adder A1B, wherein it is delayed by the predetermined

delay time in the shift register SR,. Thereafter, the out-
put of the shift register SR, is fed back to the adder A1A
via the inverter IV1A. Thus, the loop consisting of these
elements A1A, SF,, IV1B, A1B, SR,, IV1Asimulates the

' reverberation tone which transmits forth and back in the

transmission path. Similarly, other loops consisting of
the shift registers SF5, SRy, SF3, SR etc. simulate other
transmission paths.

Meanwhile, the outputs of the shift registers SF,,
SF,, SF4 are multiplied by loss coefficients a4, a,, a; in
the multipliers MA1, MA2, MA3 respectively. Then, out-
puts of the multipliers MA, to MA, are added together
in the adder A123. The output of the adder A123 is de-
livered to the adders A1B, A2B, A3B respectively. On
the other hand, the outputs of the shift registers SR;,
SR,, SR, are multiplied by loss coefficients by, by, b, in
the multipliers MB,;, MB»,, MB; respectively. Then, the
outputs of the muitipliers MB, to MB, are added together
in the adder B123. The output of the adder B123 is de-
livered to the adders A1A, A2A, A3A respectively. Thus,
the signal which propagates each shift register is atten-
uated, which simulates the attenuation of the reverber-
ation tone. As a resuit, the adder A123 can output the
musical tone to which the reverberation effect is applied.

Meanwhile, the foregoing musical tone synthesiz-
ing apparatus as shown in Fig. 9 provides the delay cir-



process J[err]

JWL, i1,
process result is obtained at state ST2. There- fore, thiﬁﬁ%ﬁ@ﬁkﬁﬁﬁﬁ%ﬂﬁﬁf

operational process J2 nmust be started at state ST3. Sim A
junction operational process J3 is started at state ST[efr] é993¥X€g%%?
rr

Is started at state ST[err] in first sanple.

J[lerr] is started at ST[err] in TVWerpq and J[err] is staited

in TWerr]. Thus, each junction operat
necessary data i s obtained.

onal process can be;start

CT1e

ed when it

)

cuits DF, to DF, for the progressive compression wave
and other delay circuits DR, to DR, for the reflected
comprassion wave, wherein the delay times are set
equal in both of DF and DR. Therefore, the number of
the delay circuits to be provided must be increased in
response to the kind of the musical tone to be simulated.
This enlarges the hardware of the musical tone synthe-
sizing apparatus. In addition, when the musical synthe-
sizing operation is carried out by the operation of the
signal processor, the times of accessing the memory
must be increased. Further, the musical tone is not
sounded until the output signal of the non-linear element
passes through the delay circuits DF, to DF,, which de-
teriorates the reai-time operation of synthesizing the
musical tone.

Lastly, Fig. 12 shows another conventional musical
tone synthesizing apparatus which simulates the tone-
generation mechanism of the wind instrument. In Fig.
12, 21 designates a read-only memory (ROM), 22 des-
ignates an adder, 23 designates a subtractor, and 24,
25, 26 designate multipliers, all of which configures an
excitation circuit 20 which simulates the operations of
mouth-piece and reed of the wind instrument such as
the clarinet.

Next, description will be given with respect to stored
information of the ROM 21. Of course, the wind instru-
ment is performed by that the performer holds the
mouth-piece in his mouth and then blows his breath into
the gap between the mouth-piece and reed. in this case,
the sectional area of the above-mentioned gap is varied
in response to the sum of the air pressure in the gap and
reed pressure (which is called "Embouchure” in French)
applied to the reed when the performer holds the mouth-



28 As descri bed above, the junction operational proc- esses Jferr],
J[err] are executed in different sanple periods TW, TW2 respectively,
whi ch causes the following problem Herein, the the digital signa
processor counts the delay tine at each npl e period, and the process
result is transmtted fromcertain junctTon operational process to next

junction operatiofia., pnpoeP# mppledtathe csanandthesestibahl apsaesponds to
the delay process; o  output S) of the gap. Herein, based on input data

PP corresponding to the reed pressure to be used as

the address, the output data S corresponding to the sec-

tional area of gap can be read from the table.

27 in Fig. 12 designates a filter which simulates the
transmission characteristic of the resonance tube of the
wind instrument.

In Fig. 12, the subtractor 23 receives information P
representative of the blowing pressure applied to the
wind instrument and information q supplied from the fil-
ter 27. This information g corresponds to the compres-
sion wave which inversely flown into the mouth-piece
from the tube of the wind instrument. The subtractor 23
subtracts the information g from the information P to
thereby output information AP representative of the
pressure in the mouth-piece. Then, the adder 22 adds
the information AP with information E corresponding to

the foregoing reed pressure applied to the reed when
the performer holds the mouth-piece in his mouth. Thus,

the adder 22 outputs information PP representative of
the whole pressure applied to the reed. This information
PP is supplied to the ROM 21.

Then, the ROM 21 outputs information S corre-
sponding to the sectional area of gap to the muitiplier
25. Meanwhile, the multiplier 24 muitiplies the informa-
tion AP with "-1” to thereby output "-AP” to the multiplier
25. Herein, the pressure information AP represents the
pressure of the progressive compression wave which
directs from the reed into the tube, while "-AP” repre-
sents the pressure of the reflected compression wave
which directs from the tube end to the reed. Due to the
muitiplication carried out by the multiplier 24 by use of
the multiplication coefficient "-1”, the above-mentioned
pressure information AP is converted into -AP. In the
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D. For this reason, when the sanple period is changed over between the
junction operational processes J[err], J[err], the present system judges
that each process result is not produced in real-tinme nmanner but produced
at the timng delayed by unit tine. In der to avoid such event, the
present systemshifts back its operational tine by unit tine if the sanple

e cxecutcd. T sHUMHENgrRE, e diiofialid”s SorRasbahiRig WPifetst 7 1
shifting back theeotionaliarea afi the igapformednbetween thenmeulie where the
resonance tube | 50 thact MIUIBBIBECY Me'iPkSfnkiFP-4Plcor2, 233 as

responding to the gap pressure applied to the gap, so

that multiplication resuilt FL is obtained. This information

FL corresponds to the flow velocity of the air-flow which

passes through the gap. )

Then, the multiplier 26 multiplies the above-men-
tioned information FL by information G representative
of the flow-resistance which avoids the air-flow passing
through the inlet of the tube (i.e., the portion near the
reed-mounting-portion of the tube). Thus, the multiplier

- 26 outputs information X representative of the pressure
of the progressive compression wave which progresses
into the tube. This information X is supplied to the filter
27, from which the information q representative of the
pressure of the air-flow which inversely flows toward the
reed is outputted to the subtractor 23. Thereafter, as de-
scribed before, the information X is obtained from the
multiplier 26 and supplied to the filter 27.

As described heretofore, the information corre-
sponding to the pressure of the air-flow is circulated in
the closed-loop consisting of the excitation circuit 20 and
filter 27. In short, the resonance operation is carried out
in such closed-loop. Then, based on the musical tone
information picked up from the predetermined node of
the filter 27, the musical tone is to be generated.

The above-mentioned conventional musical tone
synthesizing apparatus as shown in Fig. 12 is suitable
to the wind instrument (such as the clarinet or saxo-
phone) in which the reed movement depends on the
pressure AP at the gap formed between the mouth-
piece and reed. However, such conventional apparatus
cannot be applied to the brass instrument such as the
trumpet which utilizes the performer's lip as the reed,

REPLACEMENT SHEET
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in Fig. 20, the signal processing sinmulating the conpres- si dRBFRAEEMENT SHEET

propagation is carried out as showmn in Fig. 21. In Fig. 21, J

q§§T§ﬁ§T§§““M"l

the junction operational process, and T de5|gnates the tine correg@jﬂ%y1gq7

process as simlar to that shown in Fig

In Fig. 20, the ailr priessuré i

at the tube connecting portion CO|nC|de§6mnth the sum of the jai¥pressures-m

fromthree tubes 231, 232, 233. An adder 234 shown in Fig. 2]

simul ates the

Gonstructed by nRUE 7€ SEIORTEIRIATS cld TR ThRer; Thiflea;

U][
nul ate the

refl ection of SANS &F@pdescriOeRRIONo be reflected at the tube connecting

portion and term i tha case where the lip opening degree is relative-
ly small when using the lip reed, the mouth-inside pres-
sure forces the lip to open, while the air pressure applied
from the tube (hereinafter, simply referred to as tube-
side pressure) forces the lip to close. However, if the lip
opening degree becomes relatively large, the tube-side
pressure does not affect the lip movement anymora. In
short, in case of the lip reed, when the mouth-inside
pressure and tube-side pressure are varied, the lip
opening degree must be varied even if the pressure dif-
ference between them is not changed. Therefore, it is
not possible to directly determine the lip opening degree
based on the pressure difference between the mouth-
- inside pressure and tube-side pressure. For this reason,
there is a problem in that the conventional apparatus
cannot synthesize the musical tone of the brass instru-
ment.
The present invention concerns a musical tone syn-
thesizing apparatus comprising:

(a) excitation means for outputtingan excitation sig-
nal based on an input signal and a feedback signal,

the excitation means including a non-linear element -

for generating the excitation signal in accordance
with a non-linear transfer function; and

(b) bi-directional transmission means for transmit--

ting said excitation signal outputted from said exci-
tation means to a terminal portion as a progressive
wave signal and also feeding back said progressive
wave signal reflected by said terminal portion to
said excitation means as a reflected wave signal,
wherein the excitation means and bi-directional
transmission means constitute a closed loop and a




nal portions of tubes 232, 233. Even in this case wherein the—

tube is constructed by three tubes, it is also possible to %EHLMWENE SHE}*T.

error- of the delay tines 29 due to the
change- over of sanple period by inserti ngl_, 29 MAY 1997

musical tone signal on which a synthesizing opera-
tion is effected is obtained by setting said closed
loop formed by the excitation means and said bi-
directional transmission means at resonance
states;

¢) adjustable delay means, including piural delay
circuits disposed in said bi-directional transmission
means, for transmitting said progressive wave sig-
nal and said reflected wave signal, each of said de-
lay circuits delaying said progressive wave signal
or reflected wave signal by a predetermined adjust-
able delay time; and

d) a plurality of junction circuits each provided for
scattering said progressive wave signal and said re-
flected wave signal, said plurality, of junction circuits
being inserted between said delay circuits to couple
the progressive wave signal and reflected wave sig-
nal at plural points, whereby the sum of the delay
times of said delay circuits is set in accordance with
the pitch of a musical tone to be generated.

A musical tone synthesizing apparatus of this kind
is known from EP-A2-0 248 527. This document disclos-
es a digital signal processor which utilises wave guide
networks for the simulation of a saxophone or clarinet
and discloses that the tube-like structure is simulated by
connecting wave guides using junctions. The digital
wave guide networks have a signal scattering junctions.
A junction connects two wave guide sections together
or terminates a wave guide. While such digital signal



the tinme correction process T between sone junction oper ERT
J. . Next, description will be given with respect to t EE?ESQ]ﬁgﬁgfs Hﬁl

apparatus according to the present invention referr ng

ef f ect applylng

to Fig. 22, wherein parts identical to those shown in Fig. 112 i A

desi gnated by the sane nunerals, hence, d& ailed descripti¢n thereof mnl
be omtted. As conparing to the circuit shown in Fig. 11

register SF[err] is omtted and other shift reg- isters $RL
stages), SF[err] (N err] stages), SRerr] (N2 stag- es), SF[err]

registers SR er graceddds ¢afn iqersrateirisitaf tone wave forms with

high fidelity they have the disadvantage that there is a
delay time between the key on signal and the moment
at which the tone starts to be sounded.

US-A-4,633,500 discloses a speech synthesizer
using the ladder-type PARCOR-filter. The delay corre-
sponding to each of the signal transmission means,
which are connected together by the junctions, may be
a single delay (or single-stage delay), whose delay time
is fixed. The pitch of the speech output is determined by
the pitch of the pulse inputted to the ladder-type filter.
The digital filter is provided with an impulse signal and
a damped oscillation wave form is generated. In other
words, an impulsive excitation results in a ringing of the
filter (constituted of the transmission line) which is used
for decaying a sound. There is no excitation means
which generates an excitation signal based upon an in-
put signal and teedback signal and includes a non-linear
element for generating the excitation signal in accord-
ance with a non-linear transfer function.

It is an object of the present invention provide a mu-

- sical tone synthesizing apparatus synthesizing the mu-

sical tone in real-time manner.

This problem is achieved in accordance with the in-
vention by the teaching contained in the characterizing
portion of claim 1.

Further objects and advantages of the present in-
vention will be apparent from the following description,
reference being had to the accompanying drawings
wherein preferred embodiments of the presentinvention
are clearly shown.

the shitt

i ) —

(N err]
stages), SRerr] (N err] stages) are respectively replaced by shift
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shown in Fig. 22. Oher parts are identical between Figs. 1jl
As descri bed above,
to reduce the time required to gener- ate
applied tone after t
Fig. 22. As simlar

(Nlerr]-Nerr] stages), SRlerr]A (Nlerr]+N err] stages) in EEEIFCUII
[
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possi bl e
irst reverberat| L T=Yol SUNSNRESEE

by omtting the shiftl?egister SF[err],

?ﬁt - 4. S ﬁ{ signal is inputted to the gircuit shown in
@?é#%%i, ase differences between t -rput-s—and

outputs of the adders ALA, AlB correspond to 2N[err] stages of shift

register; phase di f{EIgne faicoridépifiview SHowiRE theURRiib 2\ tages

of shift register;

“and operation of the wmd instrument to be per-
formed,;

Fig. 2 shows non-linear elastic characteristic of the
reed,

Figs. 3, 4 show models for explaining standing
waves in the resonance tube;

Fig. 5 is a block diagram showing an electric con-
figuration of the conventional musical tone synthe- -
sizing apparatus which simulates the operation of-
wind instrument;

Fig. 6 shows vibration waveforms produced by the
reed in the clarinet; _

Fig. 7 shows the transmission-frequency character-
istic of the resonance tube of the clarinet;

Fig. 8 shows the transmission-frequency character-
istic of the resonance tube of the oboe;

Fig. 9 is a block diagram showing detailed configu-
ration of the resonance circuit shown in Fig. 5;

Fig. 10 is a circuit diagram showing the detailed

-configuration of the junction circuit shown in Fig. 9;

Fig. 11 is a block diagram showing the electric con-
figuration of the conventional reverberation effect
applying apparatus using the conventional musical
tone synthesizing technique;

Fig. 12 is a block diagram showing another conven-
tional musical tone synthesizing apparatus;

Fig. 13 is a block diagram showing the musical tone
synthesizing apparatus according to a first embod-
iment of the present invention;

Figs. 14Ato 14C are circuit diagrams each showing
the multiplication-grid to be applied to the junction
circuit;



phase differences in the adders A3A, A3B correspond to 2N3 stages of shift
register. Therefore, the phase dif- ferences anong signals to be added in

the adder A123, B123 in Fig. 22 are identical to those in Fig. 11, so that
‘the circuit shown in Fig. 22 can carry outpd he signal processing equival ent

to that of the circuit shown in Fig. 11: In Fig. 23 of which circuit
configuration correEponds to that of Fig. 12, 31la designates a non-linear
table A 315, 316 dEdgghbtis avbﬂcwl@dlagsarmahowaggtma@sacahtpneractor

320a designates a fili@heslAgiBSpaddiudaetorairy a&dnd embod-

iment of the present invention;
Figs. 16A, 16B are block diagrams each showing
the detailed configuration of the resonance circuit
shown in Fig. 15;
Figs. 17A 10 17C are circuit diagrams each showing
the multiplication-grid;

Figs. 18 and 19 show operational processes to be
executed by the second embodiment,
Fig. 20 shows the model of tube construction of an-
other wind instrument;
Fig. 21 shows operational processes correspond-
ing to the tube construction shown in Fig. 20;
Fig. 22 is a block diagram showing the reverbera-
tion effect applying apparatus according to the
present invention;
Fig. 23 is a block diagram showing a modified ex-
ample of the musical tone synthesizing apparatus
of the present invention;

Fig. 24 is a graph showing the stored contents of
non-linear table shown in Fig. 23; _
Fig. 25 is a block diagram showing a further modi-
fied example; and

Fig. 26 is a block diagram showing another modified
example.

‘Next, description will be given with respect td pre-
ferred embodiments of the present invention.
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[A] FIRST EMBODIMENT

Fig. 13 is a block diagram showing the electric con-
figuration of the musical tone synthesizing apparatus
according to the first embodiment of the present inven-
tion. In Fig. 13, 101 designates a musical tone control
information generating circuit which generates musical
tone control information (representative of the scale,
blowing intensity, note-on event, note-off event etc.) in
accordance with the detected operation of each manual -
operable member provided on the wind instrument (not-
shown). In addition, 102 designates an excitation circuit
consisting of a non-linear element 111 and a subtractor
113 similar to 11, 13 shown in Fig. 5. The non-linear el-
ement 111 receives the information representative of the
blowing intensity from the musical tone control informa-
tion generating circuit 101 as DC bias VA.

103 designates the resonance circuit which simu-
lates the resonance tube of the wind instrument. Herein,

the resonance frequency of the resonance circuit 103 is
changed over in accordance with the scale information

supplied from the musical tone control information gen-
erating circuit 101. The change-over control of reso-
nance frequency can be carried out by changing over
the number of substantial states of the delay circuits
DF;. DF,, DRy, DR, etc. in the resonance circuit 103.
As the most simple method of carrying out such change-
over control of resonance frequency, it is possible to pro-
vide switching means such as the selector and the like
(not shown) by which the non-linear element 111 to be
connected to any one of the delay circuits DF is selec-
tively connected to the delay circuit DFi (where i= 1,
2, ...) and the subtractor 113 to be connected to any one
of the delay circuits DR is selectively connected to the
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330 corresponds
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perfornmer's |lip and the conbi nation of the nout

(not shown) corresponds to the nouth-inside pr

information q to be supplied fromthe filtgr 320a via a junctipnicircuit
to the tube-inside pres- re. In address infofmation to be
non- linear table A, upper bits (e.g., |eftnmst—rnybble)

supplied to the
corre- spond to
correspond to th
information S co
fromthe non-lin

t ' ti P, we i ts . R A nybbl e
AR RERR, 13 e 050, o132 gt ot Tl attag Yo ©)
clospahidion) isoestablighertngmeag the peendinear Llerp is read
ment 111, resonance circuit 103, subtractor 113, where-

in the signal is circulated in the order: 111 -> 103 -> 113

- -> 111. However, there remains a possibility in that the

closed-loop is in the self-running oscillation condition
due to the noises. In order to avoid such self-running
oscillation condition, the non-linear element 111 is setin
the enable state at the note-on timing, i.e., the non-linear
element 111 is not set in the enable state at the note-off
timing.

JA,, JA,, ... designate junction circuits each of
which can be constructed by the grid circuits other than
the foregoing four-multiplication-grid and three-multipli-
cation-grid. More specifically, each junction circuit can
be constructed by two-multiplication grid (see Fig. 14A),
one-multiplication-grid (see Fig. 14B) or four-multiplica-
tion-regulated-grid (see Fig. 14C).

Incidentally, all of the four-multiplication-grid (see
Fig. 9), three-multiplication-grid (see Fig. 10), two-mul-
tiplication-grid (see Fig. 14A), one-multiplication-grid

. (see Fig. 14B) and four-multiplication-regulated-grid

(see Fig. 14C) have the same transmission character-
istic when the coefficient in each grid is constant. In oth-
er words, even if any one of the grids is used as the
junction circuit JA in Fig. 13, the same musical tone out-
put can be obtained. .

However, in order to carry out the signal process-
ings in the present musical tone synthesizing apparatus
by carrying out the operation of the digital signal proc-
essor, the times of carrying out the multiplication oper-

~ ation can be reduced by using the two-multiplication-

grid (see Fig. 14A) and one-multiplication-grid (see Fig.
14B) as compared to the four-multiplication-grid or
three-multiplication-grid. Therefore, by using such grid
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ear table AL Fig. 24 illustrates the relation between the abov -n!Fntioned

information P, g and S. Incidentally, the filter 320a is designed i 29 MAY 1997
accordance with the trans- m ssion-frequency characteristic of hie
conpressi on wave of airtobe transmitted through the tube of truppet.
Meanwhi | e, the subtractor 317 subtracts t&& tube- inside pressufe
i nformation g fromthe nouth-inside pressure information P to thereby

openi ng of perfordsAne ngtiof Sciingt pessient HlenSerTR Pt e
i nformation AP byatibe dapacitptarmd pfotessing speecaiequised in tiherdigti on FL
corresponding to ftng?dﬁalfHJP&ggéch' ty at

Meanwhile, the transmission gain is regulated in the
four-multiplication-regulated-grid shown in Fig. 14C. For
this reason, by using the four-multiplication-regulated-
grid as the junction circuit, it is possible to avoid the
event in that the signal level at each point in the reso-
nance circuit 103 becomes extremely small or large.
Therefore, the four-multiplication-regulated-grid can
simplify the the level adjustment of the signal in the res-
onance circuit 103.

In the above-mentioned junction circuit, it is possi-
ble to vary the transmission characteristic of the junction
circuit by independently varying the coefficient of each
multiplier. By using the grids as shown in Figs. 14A, 148
other than the four-multiplication-grid and three-multipli-
cation-grid as the junction circuit, it is possible to obtain
many kinds of the transmission characteristics of the
junction circuit. By using the desirable grid as the junc-
tion circuit, it is possible to carry out the delicate musical

. tone control.

In the first embodiment of the present invention the
delay circuits DF{, DF etc. for the progressive wave sig-
nal and other delay circuits DR, DR, etc. for the reflect-
ed wave signal are such that different delay times are
used for the delay circuits DF, DR respectively. In this
case, by setting the sum of the delay times of the mod-
ified example to be identical to that of the delay times of
the first embodiment, it is possible to generate the same
musical tone output in both of the modified example and
first embodiment. '

In addition, the present embodiment discloses the
musical tone synthesizing apparatus which simulates
the wind instrument. However, it is possible to apply the
present invention to the reverberation effect applying
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t he opening of perfornmer's lip. The next multiplier 316 v Léﬂﬁ@@*i\tThéq,HEFTﬂ
foregoing information G representative of the resistance|off air flow at the
inlet portion of the tube by the above-nentioned informatli dgn g9 MAYtH8? et?y
cal- culate the information X represent?ive of the progries- sive
conpressi on wave of air which progresse 4 hto the tube. At 'the Input side
of the filter 320a, the junction cir-

apparatus and the like. Further, in the present embodi-
ment, both of the DC bias VA and feedback signal from
the resonance circuit 103 are supplied to the non-linear
element 111 via the subtractor 113. Instead, itis possible
to use the non-linear table to which the DC bias VA and
feedback signal are directly supplied.

[B] SECOND EMBODIMENT

Next, description will be given with respect to the
second embodiment of the present invention. Fig. 15 is
a block diagram showing electric configuration of the
musical tone synthesizing apparatus according to the
second embodiment of the present invention.

In Fig. 15, 201 designates a musical tone control
information generating circuit which generates musical
tone control information (representative of the scale,
blowing intensity, note-on event, note-off event etc.) in
accordance with the detected operation of each manual
operable member provided on the wind instrument (not
shown). In addition, 202 designates an excitation circuit.
This excitation circuit 202 can be constructed by the
foregoing non-linear element 11 and subtractor 13 as
shown in Fig. 5. However, in the second embodiment,
this excitation circuit 202 is constructed by a non-linear
table 202a which is constructed by the ROM from which
the excitation signal is read based on the input VA, out-
put signal of a resonance circuit 203 and musical tone
control information from the circuit 201. Herein, the in-
formation representative of the blowing intensity is sup-
plied to the non-linear table 202a from the musical tone



31 cuit 330 consisting of the adders 331, 332 is provided. Herein, the
adder 331 adds the information X and output information of the filter 320a
together, so that the addi- tion result of adder 331 is supplied to the
filter 320a. On the other hand, the adder ,332 adds the output informa- tion
of adder 331 and output information of fi P er 320a together, so that the
addition result of adder 332, i.e., the foregoing information q i s supplied

to the subtractolpantrgl information generating circuit 201 as the DC bias
VA. The resonance circuit 203 simulates the resonance
tube of the wind instrument to be performed. The reso-
nance frequency of this resonance circuit 203 is
changed over by the information representative of the
scale supplied from the musical tone control information
generating circuit 201. As described before, the change-
over control of the resonance frequency can be carried
out by changing over the switching means such as the
selector by which the number of stages of delay circuits
is changed over. Further, in order to avoid the seif-run-
ning oscillation of the closed-loop consisting of the non-
linear table 202a and resonance circuit 203 due to the
noises, the non-linear table 202a is set in the enable
state at the note-on timing only as described before.
Figs. 16A, 16B show the concrete configurations of
the resonance circuit 203. As junction circuits JU,, JU,
etc., it is possible.to use the two-multiplication-grid (see
Fig. 17A), one-multiplication-grid (see Fig. 178) and
four-multiplication-regulated-grid (see Fig. 17C) other
than the foregoing four-multiplication-grid. The reso-
nance circuit as shown in Fig. 16A provides delay cir-
cuits DFA,, DFA,, ... forthe transmission path of the pro-
gressive wave signal, while another resonance circuit
as shown in Fig. 16B provides delay circuits DFB,,
DFB,, ... for the transmission path of the reflected wave
signal. In order to obtain the same musical tone output
of Fig. 9, the delay times of the delay circuits DFA, DFB
in Figs. 16A, 16B must be respectively doubled as com-
pared to those of the delay circuit DF, DR in Fig. 9. By
setting such delay times for the delay circuits DFA, DFB,
the resonance circuits shown in Figs. 16A, 16B can have
the same transmission-frequency characteristic of the
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317 and non-linear table A This junction circuit 330 can sinulate the
scattering of the conpression wave of air at the connecting portion between

t he nout h- pi ece and t ube. Next, description will be given with respect
to the non-linear table A As conparing tg t he foregoing non- linear table
21 shown in Fig. 5 which uses the operati f result between the information

P and q as the address, the non-linear table A uses both of the information

P and q as the agdgsepariiid efiduit shewn in Fige®:an.thd résomanseldie- to carry
Gescr | bed.bef or eCubieal Fgs: HOAL 166, tHE HuMibe? o b8fay BFELETE fone- A

be required can be reduced to half of the number of de-

lay circuits required in the conventional resonance cir-

cuit shown in Fig. 9. Further, in case of the resonance

circuit shown in Fig. 16B, the output signal of the non-

linear table 202a is directly transmitted to the terminal

circuit TRAM without passing through the delay-circuits

so that the musical tone can be immediately generated

when the performer starts to generate the musical tone.

Next, description will be given with respect to an ex-
ample in which the signal processing of the resonance
circuit in the present musical tone synthesizing appara-
tus is carried out by the digital signal processor. In gen-
eral, high-speed processing is required in the digital sig-
nal processor so that the digital signal processor nor-
mally carries out the operation based on the pipe-line .
operation method. In such method, fetch operations of
plural micro-instructions and plural operational stages
are executed in parallel in time-overlapping manner so
that the signal processing can be carried out with high
speed. However, in the case where the output of certain

- junction circuit is directly transmitted to next junction cir-
cuit without passing through the delay circuit as shown
in Figs. 16A, 16B, it is necessary to pay a special atten-
tion to the execution of the operation of each junction
circuit, which will be described below.

Fig. 18 is a block diagram showing the configuration
of the resonance circuit shown in Fig. 168 whose signal
processing is executed by the digital signal processor,
In Fig. 18, each of J;, J,, ... designates junction opera-
tional process, wherein Jq, Jy, ... correspond to the op-
erations (such as the addition and multiplication) to be
executed by the junction circuits JU,, JU,, ... respective-
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information S representative of the opening area of pe
is read fromthe non-linear table A based on the infor
possi ble to syn- thesize the nusical tone of trunpet.

(designated by 311 b) is provided i nst ead’of the non-|
in Fig. 23. This non-linear table B constructed by ROM

informati on P. By use of such non-linear table B,

it is

e
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bl ock di agram showi ng a nodified ex- anple wherein a nop-lfi
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indicated as "G [err]P S" (where [err]P=P-q) which is rpad by t he address

the multipliers 315, 316 and the subtractor 317 shown in Fig.
ly. Herein, the process results of Jy, Jy, ... are temporar-

ily held in the temporary register in the digital signal
processor (not shown). In this case, the process result
of J, is supplied to J, via the temporary register, for ex-
ample. In addition, D designates the delay process cor-
responding to the delay circuit DFB. Fig. 19 is a concep-
tual view showing the operation of arithmetic-logic unit
(ALU) which is required when the junction operational
processes J,, J, etc. are carried out by the digital signal
processor. In Fig. 19, numbers 0" to "7" designate ex-
ecution states of micro-instructions. Hereinafter, these
execution states will be designated as STy to ST cor-
responding to the numbers "0" to "7" in each sample pe-
riod TW shown in Fig. 19. In the present embodiment,
the period corresponding to three execution states is re-
quired in order to obtain the process result of each junc-
tion operational process J. In addition, each sample pe-
riod corresponds to eight execution states STy, to ST.
In each sample period, the digital signal processor can
compute and renew the digital signal values at several

points of the resonance circuit.

abl e

|

As shown in Fig. 19, when the junction operational
process J, is started at state ST in first sample period
TW,, its process result is obtained at state ST,. There-
fore, the next junction operational process J, must be
started at state ST5. Similarly, the junction operational
process J, is started at state STg4 in TW,; J, is started
at ST, in TW,; and Jg is started at ST, in TW,. Thus,
each junction operational process can be started when

its necessary data is obtained.



23. Incidentally, the juhction circuit 330 is not shown in Fig. 25.
32 . Fig. 26 is a block diagram show ng anot her nodified exanple wherein
| ow pass filters (LPF) 318a, 318b and

28

As described above, the junction operational proc-
esses J,, J, are executed in different sample periods
TW,, TW, respectively, which causes the following
problem. Herein, the the digital signal processor counts
the delay time at each sample period, and the process
result is transmitted from certain junction operational
process to next junction operational process based on
the count value, which corresponds to the delay process
D. For this reason, when the sample period is changed
over between the junction operational processes Jj, Jg,
the present system judges that each process result is
not produced in real-time manner but produced at the
timing delayed by unit time. In order to avoid such event,
the present system shifts back its operational time by
unit time if the sample period is changed over just before
the junction operational process is to be executed. T
shown in Fig. 18 designates time correction process for
shifting back the operational time by unit time.

In the case where the resonance tube is construct-
ed by connecting three tubes 231, 232, 233 as shown
in Fig. 20, the signal processing simulating the compres-
sion wave propagation is carried out as shown in Fig.
21. In Fig. 21, J designates the junction operational
process, and T designates the time correction process
as similar to that shown in Fig. 18. In Fig. 20, the air
pressure at the tube connecting portion coincides with
the sum of the air pressures from three tubes 231, 232,
233. An adder 234 shown in Fig. 21 simulates the air
pressure at the tube connecting portion. Herein, the cir-
cuit constructed by inverters 235 to 239, multipliers 241
to 243 simulate the reflection of the compression wave
to be reflected at the tube connecting portion and termi-
nal portions of tubes 232, 233. Even in this case wherein
the resonance tube is constructed by three tubes, it is
also possible to avoid the count error of the delay times

REPLACEMENT SHEET
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an adder 319 are inserted between the non-linear table B and filter 320a.
Herein, the junction circuit 330 is re- placed by the adder 319 in Fig. 26.
According to this exanple, the LPF 31 8a can re- nove the quantize noise to
be produced due to the op- eration of cogyerti ng the information P, g into
the infor- mation S. Due to the LPF 31 8b.provided on the line fromthe
filter 320a to dire nontHe miangekdeeBofveampleopesod By NEYPINDf

Thus, 1t 1 posdnsl Bt GERLRL ProceEk, T bendbbPsimb fericticr TRt on &
affecting the m@pepaticbmabprocesaes&scri bed heretofore, this invention may
be Next, description will be given with respect to the

reverberation effect applying apparatus according to the

present invention by referring to Fig. 22, wherein parts

identical to those shown in Fig. 11 will be designated by

the same numerals, hence, detailed description thereot

will be omitted. As comparing to the circuit shown in Fig.

11, the shift register SF, is omitted and other shift reg-

isters SR, (N, stages), SF, (N, stages), SRy (N, stag-

es), SF; (N3 stages), SR; (N5 stages) are respectively

replaced by shift registers SR;A (2N, stages), SF,A

(No-N; stages), SR,A (No+N, stages), SF;A (N3-N,

stages), SR3A (N3+N, stages) in the circuit shown in

Fig. 22. Other parts are identical between Figs. 11 and

22,

As described above, by omitting the shift register
SF,, it is possible to reduce the time required to gener-
ate first reverberation effect applied tone after the mu-
sical signal is inputted to the circuit shown in Fig. 22. As
similar to Fig. 11, phase differences between the inputs
and outputs of the adders A1A, A1B correspond to 2N,
stages of shift register; phase differences in the adders
A2A, A2B correspondto 2N, stages of shift register; and
phase differences in the adders A3A, A3B correspond
to 2N stages of shift register. Therefore, the phase dif-
ferences among signals to be added in the adder A123,
B123 in Fig. 22 are identical to those in Fig. 11, so that
the circuit shown in Fig. 22 can carry out the signal
processing equivalent to that of the circuit shown in Fig.
11.

In Fig. 23 of which circuit configuration corresponds
to that of Fig. 12, 311a designates a non-linear table A;
315, 316 designate multipliers; 317 designates a sub-
tractor; 320a designates a filter; and 330, 331 designate
adders.



practiced or enbodied in still other ways. For instance, it is possible to
replace the digital circuits adopted to the above-nenti oned enbodi nents by
t he software processings or analog circuits. Further, the present in-
vention can be applied to the nusical in hrunent tech- nique which

synt hesi zes the acoustic instrunent tonegr'reverberation tones etc. other

tefr:ggdt h?m\é\ﬂnpg ijnitﬁe_lbrm@shérﬂnmuﬁ@al !tdlgfaé Ebytih?‘ge%iz’l’xﬁvgrzi@;bpaa.ﬁatl.téﬁsa preferredh
- escri el n.are | stratpve. 0} lc- t , 1
scope of the ﬁh%ﬁ‘t 'irbﬁ['jgeélr:? S.%ﬁ%%%?%f%mbeéﬁéﬂﬁgﬁﬂsjﬁg% and ;?/Ie ©
Vﬁ%l ati 3“5 whople obrteumipdt. rHeheinehe ngnefineae tabde M isrgomnt ended to be
enprace structed by ROM which stores the relation between the

opening area of performer's lip and the combination of
the mouth-inside pressure and tube-inside pressure. In-

formation P to be supplied from an external device (not
shown) corresponds to the mouth-inside pressure, while
information q to be supplied from the filter 320a via a
junction circuit 330 corresponds to the tube-inside pres-
sure. In address information to be supplied to the non-
linear table A, upper bits (e.g., leftmost nybble) corre-
spond to the information P and lower bits (e.g., rightmost
nybble) correspond to the information q. Based on such
address information, information S corresponding to the
opening area of performer's lip is read from the non-lin-
ear table A. Fig. 24 illustrates the relation between the
above-mentioned information P, q and S. Incidentally,
the filter 320a is designed in accordance with the trans-
mission-frequency characteristic of the compression
wave of airto be transmitted through the tube of trumpet.
~ Meanwhile, the subtractor 317 subtracts the tube-
inside pressure information q from the mouth-inside
pressure information P to thereby calculate information
AP corresponding to the air pressure at the opening of
performer's lip. Then, the multiplier 315 multiplies the
information AP by the information S to thereby calculate
information FL corresponding to the air-flow velocity at
the opening of performer's lip. The next multiplier 316
multiplies the foregoing information G representative of
the resistance of air flow at the inlet portion of the tube .
by the above-mentioned information FL to thereby cal-
culate the information X representative of the progres-
sive compression wave of air which progresses into the
tube. At the input side of the filter 320a, the junction cir-
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33 dains
31

cuit 330 consisting of the adders 331, 332 is provided.
Herein, the adder 331 adds the information X and output
information of the filter 320a together, so that the addi-
tion result of adder 331 is supplied to the filter 320a. On
the other hand, the adder 332 adds the output informa-
tion of adder 331 and output information of filter 320a
together, so that the addition result of adder 332, i.e.,
the foregoing information q is supplied to the subtractor
317 and non-linear table A. This junction circuit 330 can
simulate the scattering of the compression wave of air
at the connecting portion between the mouth-piece and
tube.

Next, description will be given with respect to the
non-linear table A. As comparing to the foregoing non-
linear table 21 shown in Fig. 5 which uses the operation
result between the information P and q as the address,
the non-linear table A uses both of the information P and.
q as the address directly. For this reason, it is possible
to carry out the non-linear control full of variety on the
wind instrument tone. As described before, based on the
information S representative of the opening area of per-
former's lip which is read from the non-linear table A
based on the information P and q, it is possible to syn-
thesize the musical tone of trumpet.

Fig. 25 is a block diagram showing a modified ex-
ample wherein a non-linear table B (designated by
311b) is provided instead of the non-linear table A

shown in Fig. 23. This non-linear table B constructed by
ROM stores information indicated as "G-AP-S" (where
AP=P-q) which is read by the address information P. By

- use of such non-linear table B, it is possible to omit the

multipliers 315, 316 and the subtractor 317 shown in Fig.
23. Incidentally, the junction circuit 330 is not shown in
Fig. 25.
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1. A nusical

excitation neans (102) for outputting an ex- citation s
on an input signal and a f eedback signal, the excitation

I ncl udi ng
tion signal

a non-linear el enent EQr generating the excita

in accordance with a non-Ili n€ar transfer fun

exti tati on si gnal oligepes 2 DStk dRgriTishding angther FEafied

term nal porti oexample wherairplowrpass filtars/@d RF ) 3118a B 8bsand eedi ng

an adder 319 are inserted between the non-linear table
B and fiiter 320a. Herein, the junction circuit 330 is re-
placed by the adder 319 in Fig. 26.

According to this example, the LPF 318a can re-
move the quantize noise to be produced due to the op-
eration of converting the information P, q into the infor-
mation S. Due to the LPF 318b provided on the line from
the filter 320a to the non-linear table B, variation of the
output of non-linear table B must be delayed from vari-
ation of the information g, Thus, it is possible to simulate
the reed inertia (or lip inertia) affecting the musical tone.

As described herstofore, this invention may be
practiced or embodied in still other ways. For instance,
it is possible to replace the digital circuits adopted to the
above-mentioned embodiments by the software
processings or analog circuits. Further, the present in-
vention can be applied to the musical instrument tech-
nique which synthesizes the acoustic instrument tones,
reverberation tones etc. other than the wind instrument
tone described before. Therefore, the preferred embod-
iments described herein are illustrative and not restric-
tive, the scope of the invention being indicated by the

t one synt hesi zi ng apparatus conpri sing: (a)

gnal based
means

ction; and

I ng said

0 a

appended claims and all variations which come within

the meaning of the claims are intended to be embraced
therein.
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means constitute a closed oop and a nusigal

synt hesi zi ng operation
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1. A musical tone synthesizing apparatus comprising:

(a) excitation means (102) for outputting an ex-
citation signal based on an input signal and a
feedback signal, the excitation means including
a non-linear element for generating the excita-
tion signal in accordance with a non-linear
transfer function; and

(b) bi-directional transmission means (103) for
transmitting said excitation signal outputted
from said excitation means to a terminal portion
as a progressive wave signal and also feeding
back said progressive wave signal reflected by
said terminal portion to said excitation means
as a reflected wave signal, wherein the excita-
tion means and bi-directional transmission
means constitute a closed loop and a musical
tone signal on which a synthesizing operation
is effected is -obtained by setting said closed
loop formed by the excitation means and said
bi-directional transmission means at reso-
nance states;

¢) adjustable delay means, including plural de-
lay circuits (DF,, DR, ...) disposed in said bj-
directional transmission means, for transmit-
ting said progressive wave signal and said re-
flected wave signal, each of said delay circuits
delaying said progressive wave signal or re-
flected wave signal by a predetermined adjust-
able deiay time; and

d) a plurality of junction circuits (JA. JA,, )
each provided for scattering said progressive
wave signal and said reflected wave signal,
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cir ying said progressive wave S|gnal or re-

fl ected wave signal by a predeterm ned ust - abl e dgl gy_tine; and

d) a plurality of junction circuits (JA[®err], JA[err], ...) " each
nd.said - -

provided for scatte qane SIRir& iy, VK [BFRith circuits bAMG ﬁé@ﬁ%

refl ected wave signa
between said delay circuits to couple the pro-
gressive wave signal and reflected wave signal
at plural points, whereby the sum of the delay
times of said delay circuits is set in accordance
with the pitch of a musical tone to be generated,
characterized in that the delay time for said
progressive wave signal is different from the

delay time for said reflected wave signal.

2. Amusical tone synthesizing apparatus according to
claim 1 wherein said delay means has plural delay
circuits disposed in a progressing direction in said
bi-directional transmission means, but has no delay
circuits disposed in reflecting direction in the trans-
mission means.

3. Amusical tone synthesizing apparatus according to
claim 1 wherein said delay means has plural delay
circuits disposed in a reflecting direction in said bi-
directional transmission means, but has no delay
circuits disposed in a progressing direction in the
transmission means.

4. Amusical tone synthesizing apparatus according to
claim 1 comprising memory means (111, 2023,
311a, 311b), included in said excitation means (102,

202), for pre-storing the excitation signal corre-

sponding to said input signal and feedback signal,
wherein a signal circulated in a loop including said
excitation means (102, 202) and signal transmis-
sion means (103) is picked up as a musical tone
signal, and the excitation signal is read out from the
memory means (111, 202a, 311a, 311b) by directly
using the input signal and feedback signal as the
address to the memory means.




’ﬁ/’//‘i‘\dural ity, of junction circuits being inserted
“ﬁmm‘w circuits to couple the pro- gressi ve wave signal
cted wave si gnal

at plural points, whereby the sum of the
deI ay times of said delay circui is set in accordance
with the pitch of a nusical tone to be qtf\erated,_ characterized in
t hat the delay tine for said -

5. Amusical tone synthesizing apparatus according to
claim 4 wherein said input signal is used as upper
bits of said address and said feedback signal is
used as lower bits of said address.

6. Amusical tone synthesizing apparatus according to
claim 4 wherein said input signal is used as lower
bits of said address and said feedback signal is
used as upper bits of said address.

29 MAY 1997

i A




progressive wave signal is different fromthe del .u. Sa-d
refl ected wave signal. 2. A nusical tone synthesi zing appé% Nor !
to claim 1l wherein said delay neans has plural delay CIrCUITS S
di sposed in a progressing direction in said bi-directlonabqpﬁmp@m sf
means, but has no del ay circuits disposed in reflectiing direction’in

the trans- m ssion nmeans. 3. A nusical tone synthesijzi'ng

according to claim1l wherein said delay nmeans has pl yral del ay

OUTPUT 11
l \
NON-LINEAR
ELEMENT 12
1/
INPUT RESONANCE
13 | CIRCUIT
VA

(PRIOR ART)

| | |
! L | | L
n=1 n=1
FIRST MODE FIRST MODE
n=2 é H n=2
SECOND MODE THIRD MODE '
=3 n=

THIRD MODE | FIFTH MODE

FIG.3 . FIG.a4



circuits disposed in a reflecting direction in said bi-
transm ssi on neans, but has no del ay circuits dispi
direction in the transm ssion neans. 4. A nusical

apparatus according to claim21 conprising nenory ',s (111, 202a,
311a, 311 b), included in said excitationymeans (102, | | 5p YA §97
pre-storing the excitation signal corre- spondi ng f o said input si

and feedback signal

sai d

di recti onal

LI

excitation neans (102, 202) and signal transnis-

agn

wherein a signal circul ated LP a [oop I ncluding

D3 147Hz
STRONG-BLOWING D3 STANDARD
TONE BLOWING TONE D3 WEAK B"°W'NG
D4 294Hz Fa 349Hz
STRONG BLOWING D4 WEAK-BLOWING STRONG-BLOWING
TONE
A4 440H2 . C5 523Hz
Fa WEAK-BLOWING STRONG BLOWING STRONG-BLOWING
TONE

NNM

FIG.6

I ng

al



sion neans (103) is picked up as a nusical tone signal, and the

excitation signal is read out fromthe nmenory nmeans AaReE, ORI TR,
311 b) by directly usi ng the input signal and feede@?ﬁgﬁgﬁgﬁﬁggsgggP
address to the nenory neans. .
3 : P29 MAY 1997
@
z:‘%30
gg oTESTED VALUE A |
QY 20 3
= - SOUND-HOLE / \ A
g u>.l 10 FULL-CLOSED
< E .__4__’/ “_ ~
T < 0 1 R I N [
-3 S © o9 o S o o= N
= 2 883 M » e@ws o

FREQUENCY (KHz)

FIG.7

_Egao

ZV

9 g ANN\

ﬁé 20- - it

-

gg 10 i

zE Y

- !

w /

C 91 02 05 1 2 5 10K

FREQUENCY (KHz)

FIG.8




35 5. A nusical tone synthesizing apparatus according

I s used as upper bits of
used as lower bits of said

nmusi cal tone synthesizing apparatus according to cllailm 2

wherein said i nput signa
sai d feedback signal is

i nput signal is used as | ower

signal is used as upper bits of said address.

DF1

FROM

NON-LINEAR —{z-211

ELEMENT 11

TO ADDER 13 —

DRn

Z-2 2

1]

addr e

. csggg- Iﬂi’l’“;b_gi%fﬂ
ANl s

k

bits of4said address fand said feedb

(¢

MUSICAL TONE
OUTPUT

| i DFa2
' qekn AN | |
| + | Z‘ﬂ -‘-JZ-Z'Q ]
bl M :
i

:l -kn -kn:
'] Ma M2,
M |
+ iz -
y 11-kn 1 7T
'L_A_Z_T_____j DRn-1 \

“J1 | J2

R —~———
FI1G.9

(PRIOR ART)

§

1

:

'gg i

i} y

1 l

| ‘v |

% DCB E
2.2!3| 1l
3

DRt |

FI1G.10
(PRIOR ART)




REPLACEMENT SHEET
\i 29 MAY 1997 | -
5 |
| | A123
A1A SF1 MA1 \ OUTtPUT
| - SRt |v1B-Y/-1 ?
b Ni S'IR &
MB1 SF2 A1B
A2A 3] MA2\{>32_
X N2 S/R :
VAN SR2 |v2B-¥/-1
bz\ | N2 SIR  |—G&)—
MB2 A3A SF3  MA3 A2B
E N3 S/R a3
., FC-1v3A SRS 1v3B-Y-1
N3 S/R o
B123 MEs 2
INPUT
| FIG.11
(PRIOR ART)
G
21 S 2 FL & X |
: 25 26 MUSICAL
NON-LINEAR SR I —) _Musics
_T8E 1 D—n v | outPuT
PP : FlLTERE
E 22 \P o
| 23 !
P +\+} q ' \ 27
- >~20
FIG.12

(PRIOR ART)



REPLACEMENT SHEET}
6 29 MAY 1997
MUSICAL TONE CONTROL |~ 101
INFORMATION
GENERATING CIRCUIT MUSICAL TONE
| | OUTPUT
1 - !
111 || DF1 DF2 DF3 TRM
[NON-LINEAR ih g_ . \
ELEMENT Z T ZPr----—
VA
= i -—5{5]— Zmifem e
\ X
113 \ DRn-1 \ DRn-2
DRA o a2
/ \

102: EXCITATION
CIRCUIT

FIG.14A

kn
kn

103: RESONANCE
o CIRCUIT

FIG.13

"FI1G.14aB FI1G.14C



REPLACEMENT SHEET
29 MAY 1997
7
201
MUSICAL TONE CONTROL 4
INFORMATION MUSICAL TONE
GENERATING CIRCUIT OUTPUT
— t
NON-LINEAR RESONANCE
TABLE CIRCUIT
2055 262. EXCITATION 0
" CIRCUIT 203
FIG.15 |
: MUSICAL TONE
DF\A1 D!7A2 D/FA3 OUTPUT
A T
| { : \
Y - JU1 JU2 TRM
202
FIG.16A MUSICAL TONE
JU1 JuU2 OUTPUT
— / ] _’
DFPn' |
- H
{
-\ DFBn-1 DFBnN-2
202 | TRM

FI1G.16 B



|REPLACEWEENT SHEET

79 MAY 1997

FIG.17A FI1G.17B FI1G.17C

J J2 A e Js Js
— " HoH HoH Kok D oH  |—
FI1G.18
. TW1 TW2 W3 ——
0li12131al516]710]112]314]516]7[0]112]3]a]5/6]7
(1 Jd1
: J4
pnocess<
“IN ALU T
32
Js
33
L J6

F1G.19




REPLACEMENT SHEET
9 29 MAY 1997

FIG. 21



REPLACEMENT SHEET
29 MAY 1997

10

A1A MA1 A123 OUTPUT
o ot q\_\ -

LA V1A SR1A
b : /  IviB—Y"1
: 2N1 SR &+

MB1 A2A SF/2A MA2 A1B

H—{ N2-N1_S/R_|
i IV2A SR2A jyop
2H—{ N2+N1 SR |
MB2 A3A SF[3A A2B

D Na-N1_SR | °3MA3
o 4T IV3A ST3Av3g
H—<k—{ N3+N1_SR |
B123 MB3
INPUT

FIG.22

311a 3157
- I NON-LINEAR

TABLE A
) )

MUSICAL
~+— TONE
OUTPUT

FILTER|

1
’

s . - ~ — -

s e = =

\
320a

330

FIG.23



09 MAY 1997

REPLACEMENT SHEET
11

S| \ _
q LARGE
P
FIG.24
311b

N [

NON-LINEAR FLTER
TABLE B _

P ) ]
-
| 320a
Fl1G.25
318a 319
¥ 1\b —— LPF
NON-LINEAR| o -
TABLE 8 31‘8b FILTER
] ) |
P LPF
!
320a

FIG.26



086555 T

_36_
ABSTRACT:

MUSICAL TONE SYNTHESIZING APPARATUS

A musical tone synthesizing apparatus which synthesizes a
musical tone signal in respénse to the wind instrument, brass
instrument and the like provides an excitation circuit (102)
and a resonance circuit (103). The excitation circuit
simulates the operations of the reed, mouth-piece and the like,
while the resonance circuit which operates: as the bi-
directional transmission path simulates the resonance tube.
The excitation signal generated from the excitation circuit is
transmitted through the resonance ciréuit consisting of delay
circuits and junction circuits. Thereafter, the transmitted .
signal is reflected by the terminal portion, and the reflected
.signal is transmitted through the resonance circuit and then
fed back to the excitafion circuit. Thus, the excitation
signal is circulated in the loop consisting of the excitation
circuit and resonance circuit. Based on the signal picked up
from this loop, it is possible to obtain the synthesized
musical tone signal .which simulates the wind instrument tone
and the like. ' '
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