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DIGITAL SIGNAL PROCESSING APPARATUS EMPLOYED IN ELECTRONIC

IIII lIIl

MUSICAL INSTRUMENTS

Field of.the Inventioﬁ

The present invention relates to a digital signal
proéessing apparatus which simultaneously applies various
effects such as reverberation and chorus and the like with
respect to a digital musical tone signal generated in an

electronic musical instrument. . .

Background Art
COnventionai examples of this type of digital signal
'processing appératus include, for e#aﬁple, the effector
disclosed in Japanese Patent Publication No..Hei 1-19593,
This effector comprisés a plurality of_opérators such as
multipliers and.adders. This apparatus applieé reverberation
and modulation effects such as chorus, flanger, and the like, |
with respect to a digital musical tone signal which is | ' E
generated. In this type of apparatus, during; for example, |

one sampling period, after modulation effects have been

applied, reverberation is applied. That is to say, in this

" type of apparatus, in the case in which a plurality of

effects are applied to a dlgltal musical tone signal, the
processing for applying the various "effects" is conducted in
order and consecutlzely.

Accordingly, in such a conventional effector, while
processing for.the application of a gi@en "effect“_is being

conducted, it is not possible to conduct processing for the

appllcatlon of a secpnd Weffect"é} Aé a result, ‘the waltlng
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period of the operators becomes large, and the effective

efficiency of use of the operators worsens. In addition, as
processes for the application of effects are executed in

series, high speed processing is not possible.

Summary of the Invention

It is accordingly an object of the present invention to
provide a digital signal processing apparatus . capable of
increasing the efficiency of use of the operators, and
capable of conducting high speed procegsing even in cases in
which a piurality of effects are to be applied.

Accordingly, the present invention is a digital signal
érocessing apparatus for conducting filtering and applying
reverberation with respect to a generated musical tone
signal, and is provided with: .

a designafing_mechanism for generating filtering
designation daté, which designate the contents of the above
filtering, reverberating designation data, which designate
the contents of the above reverberation, and characteristics
data, which-expréss the combined contents of the above

filtering and the above reverberation,

a parameters generating mechanism for generating

- filtering parameters which express filtering characteristics

in accordance with the above filtering designation data, and
for generating reverberating parameters expressing
reverberation characteristics in accordance with the above

reverberating designation data and the above characteristics

data,
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- 8 readout mechanism provided with a memory mechanism

which stores a plurality of operating algorithms, for reading
a first operating algorithm, which designates the above
filtering designation data, and a sedond operating algorithm,
which designates the above reverberating designation data,
out of the mémory mechanism, |

a computing mechanism which possesses a plurality of
addihg mechanisms, multiplying mechanisms, and delaying
mechanisms, forms a digital filter having characteristics in
accordance with the above filtering parameters and comprising.
a combination of the above plurality of adding mechanism,
multiplying mechanisms, and del#ying mechanisms based on the
above first operating algorithm, forms an operating unif
having réverberation characteristics in accordance with the
above reverberating parameters, and comprising a combination
of the above plurality of adding mechanisms, multiplying
mechanisms, and delaying mechanisms Based on the above second
operating algorithm, conducts time-shared operating of the
digital filter and the operating unit, and conducts parallel
processing of the filtering and the reverberation.

In accordance with this type of composition, the
' designating mechanism generates the filtering designation
data, which designate the céntents of the'filtering, the
reverberating designation data, which designate the contents
of the reverberation, and the characteristics data, which
indicate the contents of a combination of the filtering and
the reverberétion. The parameters generating mechanism
generates filtering parameters indicating filtering

-characteristics, and reverberating parameters indicating
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reverberation characteristics. The readout mechanism reads

the first operating algorithm, which designates filtering
designation data, and the second operating algorithm, which
designates reverberating designation data, out of the memory
mechanism, in which a plurality of operating aléorithms are
stored. The computing mechanism forms a digital filter
having characteristics in accordance with the filtering
barameters, based oﬁ the first operatiﬁg algorithm, and
further forms an operating unit having reverberation
characteristics in accordance with.the reverberating
parameters, based on the second operating algorithm, and
conducts time shared operating of this digital filfer and
operating unit, and conducts parallel procéssing of filtering
and reverberatiqn. |

Accordingly, as the digital filter which conducts the
filtering of a musical tone signal, and the operating unit
which apﬁlies reverberation to the musical tone signal, are
operated in parallel, the efficiency of use of the operators
can be increased, and processing can be accomplished rapidly,
‘even in the case in which a plurality of effects ére to be

applied.

Brief Description of the Drawings

Fig. 1 is a block diagrém showing the composition of a
digital musical inétrument in accordance with a preferred
embodiment of the present invention. |

Fig. 2 is a block diagram showiné the composition of.
operating signal generator 10 in the same preferred

embodiment .
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Fig. 3 is a block diagram showing the composition of

computing part 5 in the same preferred embodiment.

Fig. 4 is a block diagram showing the composition of the
digital filter, which is operated in é time shared manner, in
computing part 5.

Fig. 5 is a block diagram showing the composition of a
reverberation effecting circuit, which is operated in a time
shared manner in computing part 5.

Fig. 6 is a'block diagram showing the compositién of
the reveiberation effecting circuit shown in Fig. S, Qhen
this is divided into operating units. |

Fig..7 is a block diagram showing the composition of the
operating unit shown in Fig. 6. .

Fig. 8 is a diagram showing a timetable of the filtering
and reverberation effecting process which is executed fér.
each tone generation channel Och-31lch within a samplin§
periodtT. . .

Fig. 9 is a timetable showing the contents of the
filtering which is conducted in tone generation channel Och.

Fig. 10 is a timetable showing the control contents of
operating unit A.

Fig. §%e%é2£ timetable showing the control contents of

operating unit B.
Detailed Descriptibn of the Preferred Embodiments

(First Preferred Embodiment)

Hereinbelow, preferred embodiments of the present

"invention will be explained with reference to the drawings.
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The digital signal processing apparatus explained in the

present preferred embodiment is used in a digital musical
instrument aé an effector for conducting a filtering process
and a reverberation effecting process which ‘will be explained

hereinbelow.

(1) Overall Composition

| Fig. 1 is a block diagram showing the. composition of an
electronic musical instrument utilizing a digital signal
processing apparatus in accordance with the present
invention. In the figure, reference numeral 1 indicates a
keyboard.gircuit; This keybéard circuit 1 generatés key-on
signals KON, key codes KC, and key-off signals KOFF, and the
like, in accordance with the operétion of the kéyboard by a
performer. Reference numeral 2 indicates a tone generation
assignment circuit, which assigns the musical tone signaln
generated in correspondence with the depression of a key to
any of a plurality of tone generation channels. The digital
musical instrument in accordance with the present invention
possesses 32 tone generating channels.

Reference numeral 3 indicates a tone color parametérs
supplier, which supplies toné color parameters related to |
musical tdnes to be generated. This tone color parameters
supplier 3 genératgs, for example, tone color codes NTC
indicating tone color (a piano tone, organ tone, violin tone,
or the like) from tone color information A, which is
described hereinbelow, and generates tone color parameters

indicating information relating to tone colors other than

those expressed by tone color codes NTC.
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Reference numeral 4 indicates a tone generator. Tone

BN |

generator 4 is provided with 32 tone generation channéls 0-
31ch, and generates digital musical tone signals with respect
to each toné generation channel by means of time shared
opefating; Reference numeral 5 indicates a computing part;
this conducts filtering ﬁith respect to musical tone signals
supplied by tone generator 4, and conducts reverberation with
iespect to the output signals of a panning circuit 13, to be
explained hereinbelow, in parallel and in a tiﬁe-shared
manner. This computing part 5 will be explained in detail
hereinbelow. -

Reference numeralhs indicates an operation panel
comprisiné a plurality of operating members; it generates
setting information in accordance with setting operations
applied to these operating members, and supplies thié setting

information to setting part 7. In operation panel 6, various

‘switches with are not indicated in the diagram are provided;

for example, tone color selecting switches, and_various
switches for setting filtering.characteristiCS or
reverberation effecting. Seﬁting paft 7 fransforms the
setting information by means of the tone color information A
indicating tone color numbers, and outputs this.
furthermore, setting part 7 creates characte£istics data in
accordance with the combined contenté of the filtering
characteristics and the reverberation,.and supplies these
data to operating signal generator 10.

Filter selector 8 creates address signals which are
necessar& for the readout of the control program which

executes filtering, based on tone color information A from
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setting part 7, and supplies these address signals to

8 . _ I

operating signal generator 10. Reverberation selector 9
creates address signals which are necessary for the readout
of the control program which executes reverberation
effectihg, based on tone color information A from Setting
part 7, and suppliés these address signals to operating
signal generator 10. Operating signal generator 10
designates the operations of the above described cdmputing
part 5; the composition thereof will be explained
hereinbelow.

Next, the musical tone signals of the 32 channels, the
filtering of each of which is conducted in computing part 5,
are-severally supp1ied to envelope generator 11. Envelope
generator 11 generates an envelopé wa&eform, mnltiplies this
by an'inputted musical tone signal, ahd outputs fhe result.
The musical tone signals having envelope wa#efo:ms applied
thereto in this manner are then supplied to accumulator 12,
and accumulated.

Reference numeral 13 indicates a panning circuit; it
splits an inputted signal into a stereo left signal and right
signal, and supplies these to computing part 5.
Reverberation effects are applied to the left signal and the
right signal in computing part 5, and'£hese signals are
converted to analog signals in digital/analog converter 14.
Then, these analog signals are generated as musical tones as
the output of.the digital musical instrument through the

medium of two differing speakers 15.

(2) Composition of Operating Generator 10

THIS SHEET HAS BEEN
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- Next, with reference to Fig. 2, the composition of

operating generator 10 will be explained. The address
signals generated by filter selector 8 are supplied to
filtering parameters supplier 20; and readout control circuit
' 214. Filtering paraméters supplier 20; generates the
parameters FLT-Q, FLT-fc, and address FLT-ad, which are used
in filtering, from tone color information A and the address
éignals: it then modifies these parameters and address so as
to be synchroncus.with key-on signal KON and suppligs these
to computinglbart S (see Fig. 1). Parameter FLT-Q indicates
the resonance value of the filter, parameter.FLT-fc-indicates
the cut-off frequency of the filter, and furthermore, address
FLT-ad indicates the address signal necessary in the
f;ltering operation.

_.Reference numé?al 22; indicates a filtering control
signal memory. This memory 22, stores a plurality of control
programs Pl;, Pls, ...., which execute filtering. Control
prégrams Pl;, Ply, ..., conduct the time sharing contrbl of
the selection of various selectors and the readout and
writing of various registers in computing part 5. Readout
control circuit 21; reads, in order, control programs
" corresponding to address signals out of filter selector 8.

The address signals generated by reverberation selector
9 are supplied to reverbefating parameters supplier 202 and
readout control circuit 21;. The reverberating parameters
supplier 20, generates the reverberation parameters REV-COEF
and REV-VOL, as well as the address REV-ad, from the address
signals, characteristics data, and tone color information 3,

and supplies these parameters and address to computing part

" THIS SHEET HAS BEEN
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S.- Parameter REV-COEF expresses a reverberating operation

coefficient, while parameter REV;VOL expresses the size of
the reverberating output. Address REV-ad iodicates an
address signal necessary in the reverberating operation.
Reference numeral 22, indicates a reverberating control
signal memory. This memory 22, stores a plurality of control

programs P23, P23, ..., which execute reverberation. The

‘control programs P23, P23, ..., conduct the time shared

control of the selection of the various selectors apd the

- readout and writing of various registers in computing part 5.

Readout control circuit 213 réads out, in order, control
programs corresponding to address signals supplied by
reverberation selector 9. Accordihgly, computing part 5

operates based on the control programs read out by means of

the above readout control circuits 21; and 212.

(3) Composition of Computing Part 5

Next, with reference to Fig. 3, the.composition of
computing part 5 will be explained. Computipg part 5
executes filtering with respect to musicai tone signals which
are supplied to input terminal FILT-IN, and applies

reverberation effects with respect to musical tone signals

~ which are supplied to input terminal REV-IN. Computing part

5 is comprising selectors 51-54, filtering register 55,

reverberating register 56, full adder 57, and multiplier 58.
As stated above, the selecting control of selectors 51-

54 and the readout/write cootrol.of filtering register 55 and

reverberating register 56 is conducted by means of operating

signal generator 10. The addresses used at the time of

| THIS SHEET HAS BEEN
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readout and writing in filtering register 55 and

reverberating register 56 are designated by means of address

. FLT-ad éupplied from reverberating parameter supplier 20;,

and by address REV-ad supplied from reverberating parameters
supplier 202. References Dj-Dg indicate delay elements which
delay'input of signals for a period corresponding to 1
sampling clock and then output these signals; reference 3D
indicates a delay element having a delay period corresponding
to 3 sampling - clocks. What is meant by "1 sampling clock"
here is a period corresponding to 1/256 of the sampling
period T of the digital musical instrument (this will be
explained in detail hereinbelow) .

| The mnSicél tone signal supplied to input terminal FILT-
IN is supplied to input terminal B of selector 52. The o
output of selector-sz is inputted to input term££a1 A of full
adder 57 through the medium of delay element D3. The output *
of full adder 57 is'supplied to envelope generator 1l (see
Fig. 1) from output terminal FILT-OUT thorough fhe medium of
delay element D2, and is supplied to digital/analog converter
14 (see Fig. 1) through the medium of output terminal REV-

OUT. Furthermore, the output of full adder 57 is supplied to

" the input terminal A of selector 51, is supplied to the input

terminal C of selector 52, is supplied to the input terminal
D of selector'52 through the medium of delay element D3, is
supplied to input terminal B of selector 53, is supplied to
the data input terminal of filtering register 55 through ﬁhe.
medium of delay element D4 and is suéplied to the data input
terminal of reverberating register 56 through the medium of

delay element Ds.

el

[ s SHEET HAS BEEN

REPLACEDN

M



| : - - This Sheet Has Been Replaced .

The above-described parameters FLT-Q, FLT-fc, REV-COEF,

and REV-VOL are inputted into the input terminals A, B, C,
'and-D, respectively, of selector 54. The output of selector
54 is.supplied to multiplier 58 through the medium of delay
element Dg as a multiplication coeffic;ent. The output of
selector 53 is inputted into multiplier 58, and the output of
selector 54, that is to say, the above-described
'multiplication coefficient; is multiplied thereby. The
output of multiplier 58 is delayed by 3 sampling cloéks in
delay element 3D, and is then supplied to input terminal B of
selector 51, and is supplied to input tetminél C of the.same
selector after being amplified by 6 dB in amplifier OP.

‘The output of selector 51 is supplied to one input
terminal of exclusive-OR gate 59. Furthermore, an adder-
subtractor control éignal SUB having a value of 0 or 1 is
supplied to the other input terminal of éxclusive-OR gate 59
from operating signal generator 10. This addei-subtractor
control signal SUB includes the cont;ol signals outputted
from the above describéd readout control circuits 21; and 21,.

Exclusive-OR gate 59 outputs the exclusive-or value of
the output of selector 51 and adder-subtractor control'signal
SUB. The output of this exclusive-OR gate 59 is supplied to
input terminal B of full adder 57 thfough the medium of delay
element Dg. A 1-bit-signa1 within adder-subtractor control
signal SUB is inputted into full adder 57 though the medipm
of delay element D7 as a carry signal (carrying-over signal).
By means of this, full adder 57 adds the signals supplied to
input terminal A and input terminal B and outpﬁts this value
—when each bit of adder-subtractor control signal SUB has a

FHIS SHEET HAS BEEN
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value of 0. On the other hand, when each bit of adder-

subtractor control signal SUB has a value of 1, the signal
supplied to input terminal B ié subtracted from the signal
supplied to input terminal A, and the result is outputted.

The above-desc:ibed ieft signal and right signal are
suﬁplied to input terminal A of selector 53 through the
medium of input term;nal REV-IN. Next, the data read out of
filtering register 55 are supplied to input terminal A of
selector 52 and igput terminal C of selé&ctor 53 through the
medium of delay element Dg. The data read out of
reverberating register 56fare supplied to input terminal D of
selector 53 through the medium of delay element Dg.

The addresses FLT-ad and REV-ad, which indicate
addresses used at the time of :eadout/writing, are supplied
to filtering register 55 and rgverberating register 56 from
filtering parameters supplier 20; and rgverberating
. parameters supplier 203, which are shown in Fig. 2.

The computing part 5 having the above composition
funqtions as a "digital filter" and a "reverberation
effecting circuit” in a time-shared manner. That is to say,
the computing-part S executes filtering with respect to the
" musical tone signals of the 32 channels supplied by tone
generator 4, and simultaneously, applies predetermihed
reverberation with respect to the ocutput signals of panning

circuit 13.

(4) Composition of the Digital Filter
Next, the composition of the "digital filter", which is

formed in a time-shared manner in computing part 5, will be

THIS SHEET HAS BEEN
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explained with reference to Fig. 4. In Fig. 4, references

S1-S4 indicate adders, and references M;-M3 indicate
multipliers having multiplication coefficients Kj;-K3.
Furthermore, references R; and Rz indicate delays,_which.have
delay periods corresponding to the sampling period T of the
digital ﬁusical instrument. These delays R; and Rz are
realized by means of addressing to filtering register 55 in
'computing part 5 (this will be explained in detail
hereinbelow) . .

First, the input signal x(t) '(t indicates a number 0, 1,
2, ..., corresponding to each sampling period) of the digital
filter is added to the’multiplication result L3 of multiplier
M3 in adder S3, and furthermore, the addition result Lj )
thereof is added to the delay result of delay R; in adder Ss.
In addition, the addition result L3 of adder Sz is multiplied
by coefficient Kj; in multiplief M;, and the multiplication
result Lg thereof is supplied to the subtraction input
terminal (-) in adder S3. The additioﬁ result Lg of adder'S3
is multiplied by coefficient Kz in multiplier Mz, and the
multiplication result Lg thereof is supplied to one input
terminal of adder Sg, and is supplied to the addition input
terminal (+) of adder S3. and to the input terminal of
multiplier M3 through the medium of delay Rj.

In addition, the addition result L7 of adder S4 is
outputted'as output signal X(t), to which filtering has been
- applied by means of the digital filter, and is returned to
the other input terminal of adder S4land to the other input

terminal of adder Sz through the medium of delay Rj.

Y
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In the digital filter having this composition, if the

addition result of adder S3 is y(t), the delay results of
delays R; and Rz can be expressed as y(t-1) and X(t-1), and
furthermore, it is possible to express the various output

data in the following manner.

(1) Multiplication result L; of multiplier M3 =
Kz ¢ y(t-1) ... (Equation 1)

(2) Addition result L, of adder S; = Lj + X(t) ... . a

(Equation 2)

(3) Addition result L3 of adder Sz = Lz + X(t-1) ...

(Equation 3) i

(4) Multiplication result Lg of multiplier Mj = K; ¢ L3

cee ' ) (Equation 4)

(5) Addition result Ls of adder S3 = y(t) = y(t-1) - Lg

e . (Equation 5)

(6) Multiplication result Lg of multiplier Mz = Kz * y(t)

=Kz * Ls ... (Equation 6)

(7) Addition result L; of adder Sg = X(t) = Lg + X(t-1)

(Equation 7)

(5) Composition of the Reverberation Effecting Circuit

omsnpiy
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Next, the composition of the reverberation effecting

circuit which is formed in a time-shared manner in computing
part 5 will be explained with reference to Fig. 5. 1In the
drawing, the reverberation effecting circuit is comprising
generally initial reflecting tcne generator 60 and
reverberating tone generator 61. This initial reflecting
tone generator GO'forms an initial reflecting_tone which
indicates the first half portion of the reverberation
characteristics which are to be simulated. In contrast,
reverberating tone generator 61 forms a final reverberating
tone which indicates the second half portion of the
reverberation characteristics, which continue after the
initial reflecting tone, which are to be simulated.

In Fig. 5, references KC3-KC24 indicate multipliers which
multiply.inputted signals by_coefficients C1-C24,
respectively, anc output these values. References T1-T7
indicate adders which output addition results TC;-T7,
respectively. Furthermore, references DM;-DM3 indicate delays
which delay inputted signals by a predetermined delay time
before outputting these signals. Delays DM;-DMj are
comprising a single type of shift register, respectively, and
shift the written data in order in each sampling period T.

Accordingly, in delay DM1,.addition result TCy is
written into address Aj;, and after a predetermined delay
period has elapsed, this is read in addresses AQ-Ald, and
tnereby delay data DCé—DClo having a predetermined delay time
with respect to addition result TC; can be generated. In the
same way, in delays DMz and DM3, the addition results TCs and

TC¢ are written into addresses Ay and Az respectively, and

THIS SHEET HAS BEEN
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after a predetermined delay period has elapsed, these are
read in addresses A;z-Alg and addresses Ajg—-Ajg, and ;hereby,

it is poséible to generate delay data DC12-DC14 and delay data
DC36-DCig, which have a predetermined delay period with
respect to addition results TCs; and TCg. A detailed
description thereof will be given hereinbelow.

_ ' The reverberation effecting circuit shown in Fig. 5 can
5e divided into the operating units 70-76 shown in Fig. 6.
The operations of these operating uhits 70-76 are executed
within a sampling period T, and thereby, it is possible to
conduct reverberation effecting.

The addition results TC;-TC4 in operating units 72-76
are temporarily stored in reverberating register 56 (see Fig.
5); and addition resulté TCs-TC7 are stored in the same
register in order to génerate delay data. Furthermore, in
operating units 70-72, when the input copsists of "X", this
indicatgs that nothing is inputted; however, a multiplication
coefficient "O" is supplied so ﬁhat the outpui of the
corresponding mu;tiplier becomes "0". These operating units
70-76 can be further divided into either operating units A or
operating units B, which will be described next..

Fig. 7 is a block diagram showing the composition of an
operating unit_A: this corresponds to operating units 70-74
in Fig. 6. 1In the same manner, Fig. 8 is a block diagram
showing the composition of an operating unit B; this
correspbnds to operating units 75 and 76 in Fig. 6. By
operating theée operating units A and B in order, the

reverberating effecting circuit shown in Fig. 5 can be

THIS SHEET HAS BEEN
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Next, the composition of the operating unit A which
corresponds to oéerating units 70-74 will be explained. .As
shown in Fig. 7, input data E; is multiplied by
multiplication coefficient K4 by means of multiplier Mg and
fhe muitiplidation result Lj;; thereof is supplied to oné input
terminal of adder Ss. Furthermore, input data E; is
multiplied by coefficient Ks in multiplier Ms and the
'multiplicatioh result Lj;z thereof is supplied to the other
input terminal of adder Ss. Furﬁhermore, in adder Ss,
multiplication results L;; and L3z are added, and the addition
result L33 thereof is supplied to one inpﬁt terminal of adder
S¢. Input data E3 is multiplied by coefficient Kg in
multiplier Mg, and the multiplication result Lj4 is supplied
to the other inﬁut terminal of adder S¢. In adder Sg,
addition result L;3 and multiplication result L34 are added,
and the addition result Lis thereof is supplied to one input
terminal ‘of adder S7. 1Input data E4 are multiplied by
coefficient K7 in multiplier M7, and the multiplication result
Ly¢ thereof is supplied to the other input terminal of adder
S7. In addition, in adder S7, addition result ILj;s and
multiplication result L;g are added, and the addition result
Lj7 thereof is outputted as output data Fj. That is to say,
input data E;-E4 are multiplied by cdefficients K4-K7,
respectively, in multipliers My4-M7, and the sum of the
multiplication results thereof is outputted as output data
Fi.

The various data of the operating unit A shown in Fig. 7
correspond to differing data in the operating units 70-74

shown in Fig. 6. For example, the various data in operating
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unit A correspond in the following mannéf in operating unit
70. .

That is to say, input data E; correspond to the left
signal, input data Ez and E3 correspond to addition results
TC; and TC3, and furthermore, input data E4 correspond to X"
(as explained above, nothing is inputted). Addition results
TC; and TC3 are'temporarily stored in reverberating register
56, so that readout is conducted at the necessary timing. 1In
addition, output data F; correspond to the left output, which
is outputted to the digital/analog converter 14.as the léft
signal, to which reverberation has been applied. -

In the same manner, the various data in operational unit
A correspond in the fdllowing manner in operational unit 71.
That is to say, input data E; coriespond to the right'signal;
input data Ez and E3 correspond to the addition results TCj
and TC4,'and furthermore, input data E4 correspond to "X". 1In
addition, output data F; correspond to the right output, and
are supplied to the digital/analog converter (see Fig. 1).
| Furthermore, the various data in operating unit A
~correspond in the following manner in opérating units 72-74.
That is to say, the input data E; in operating unit A
' correspond to fhe left signal and to the delay data DCz and
DC3, respectively, in operating units.72—74, input data E3
correspond to the right_signal and to delay data DCq4 and DCs,
respectively, input data E3 correspond to "X", and to delay
- data DCg and DC7, respectively, and furthermore, input data Eg4
correspond to "X", and to delay data DCg and DCg,
respectively. Delay data DC2-DC9 are read out and supplied by

means of the designation of predetermihed addresses from
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reverberating register 56 (see Fig. 3). Furthermore, the
output data Fi in operating unit A correspond to addition
results TCy7, TCi, and TCz, respectively, in operating units
72-74, and these are written into predetermined addresses in
reverberating register 56.

_ Next, the composition of operating unit B, which
‘corresponds to the operating units 75 and 76, will be
explained.

As shown in Fig. 8, input data Es is multiplied by
coefficient Kg in multiplier Mg, and the multiplication result
Iig thereof is supplied to one input terminal of adder Sg.
Furthermore, input data Eg are multiplied by coefficient Kg in
multiplier Mg, and the result thereof is supplied to the
other input termina} of adder Sg.. Then, in adder Sg, the
multiplication results Lig and Lig are added, and the addition
result Lzg thereof is outputted as output data Fa. Ihput data
E7 and Eg are multiplied by coefficients Kjg and Kjj in |
multipliers Mo and Mi;, respectively, and furthermore,
multiplication results L21 and Lpz are added in adder Sg, and
the addition result Lz3 thereof is outputted as output data
F3.

The input data Es-Eg in operating unit B correspond to
delay data DCjg, DCi4, DCig9, and DCig, respectively, in
operating unit 75, which is shown in Fig. 6. 1In operating
unit 76, these input data correspond to delay data DCiz, DCig,
DC13, and DCi17, respectively. These delay data are read out
of predetermined addresses in reverberating register 56.
Furthermore, the output data F2 and F3 in operating unit B

correspond to addition results TCg and TCg, respectively, in
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operating unit 75. Furthermore, in operating unit 76, these
output data cofrespond to addition fesults TC3 and TCa,
respectively, and these addition resuits TC3 - TCg are written
into predetermined registers in reverberating register 56.

Nekﬁ, operations at the time of readout/writing of
reverberating-register 56, and the generating principle of
the various delay data DCa-DCjig, DC32-DCi4, and DCi¢-DCig by
means of delays DM;, DMy, and DM3, will be explained. The
addition result TC7 showh in Fig. 5 is Written into address A;
of delay DMj. This indicates that the contents of the
address REV-ad which was designated in reverberating register_
56 in Fig. 3, has a value of "A;%. That is to say, the
addition result TCy7 of operating unit 72 in Fig. 6 is written
into addres; A3 in reverberating feéistér 56. In the same
way,-the addition results TCs and TCg of operating unit 75 are
written i;to'addreSSes Ai; and Ajzs in reverberating register
56. _

Next, the addition result TC7 which is written in
address A; is read into addresses Az-A3j0 in operating units
73~-75 as delay déta DC2-DC3ig. At this time, the relationship
between address Aj; and addresses.AQ—A1o can be expressed in
the manner shown below.

Ay = A; + dap,
A3 = A7 + d3,

e o oy

A190 = A1 + djp.

Reverberating register 56 is a shift register which

shifts the data stored therein in the direction of increase
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of the addresses during each sampling period T. That is to
say, the addition result TC7 written in address.A1 is moved to
address (A3+l) after one sampling period. Accordingly, the
delay data DC2 which were ?ead out of address Az (= A; + djp)
are data which delay addition result TC; by a period of time
equivalent ﬁo d2 X (sampling period T). Furthermore, delay
data DC3-DCi¢ are data which delay the addition results TC7 by
a period equivalent to (d3, dg; ..., dig) X (sampling period
T), respectiQely. The delaying principlé of delays DM> and
DM3 is identical to that of DM;.

Reverberating register 56 may be a pseudo-shift
register, formed by means of the addressing of normal RAM.

In such a case, a counter is present which reduces the final
address value of reverberating reéiSter 56 by "1"_each
sampling period, and the result of this count is added to the
'~ addresses Aj;-Aj;g. By means of this; even if it appears that
writing/readout is being cénducted in the same address, the
actuél address is moved in each sampling period.

On the other hand, thé addition results TC;, TCz, TC3, -
and TC4 of operating units 73, 74, and 76 (see Fig. 6) aré
written into reverberating register 56 for the purpose of
temporary storage. Here, the address given to address REV-ad
is, respectively, RAig, Azg, Azi, and Aéz. After the addition
results TC;-TC4 have been written into addresses Ajg—-Az2,
respectively, it is possible to read out the same addition
results without delay if readput.is conducted from the same
addresses Ajg-Az2 in the same sampling'period. However, this
occurs in the case in which writing and readout is conducted

in that order in the same sampling period. In the case in
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which readout is first conducted and then writing is
conducted, the data which are read out are those data which
are written in the immediately previdus sampling period;
however, thié does not present an obstacle in fhe case of
reverberation.

Filtering register 55 comprises'g shift register or a
pseudo~-shift register formed by means of RAM, and the
6perations at the time of readout/writing are identical to

the.operations of reverberating register 56.

(6) Outline of Operations

In a digital musical lnstrument having the composition
described above, when a key on the keyboard is depressed by a
performer, keyboard circuit 1 genérates a key-on KON and a -
key.code KC -corresponding to the depressed key, and supplies
this to tone generation assignment circuit 2. Next, tone
generation assignment circuit 2 searches, in order, for empty
channels in tone generétor 4 which are capable of tone
generation assignment, that is to say, channels which are in
a tone éeneration stand-by status. At this timé, tone .
generation assignment circuit 2 supplies key-on KON and key
'_code KC with respect to an empty channel, when such a channel
has been found, so that a musical tone signal will be
generated. On the other hand, in the case in which no empty
channel is present, the channel in which tone generation is
most advanced is selected, a truncation process is conducted
which forces this channel to become empty, and after a
directive has been issued to this channel so that the present

tone generation is caused to decay (damping process), key-on
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KON and key code KC are supplied. Here, key-on KON is
proiided to envelope generator 11.

Furthermore, tone color parameters supplier 3 creates
various tone color parameters corresponding to the tone
colors set by means of tone color information A, and supplies
these paramefers to tone generato; 4 and envelope generator
11. Then, the channel in tone generator 4 which was assigned
by means of tone genération_cifcuit 2 generates a musical
tone signal'having a tone color corresponding to the tone
color parameters which were supplied and having a pitch
corresponding to key co&e KC, from the initialization of key-
on KON. 1In this manner, differing musical signals
corresponding to 32 channels are generatgd in tone generafor
4, .

Operating panel 6 supplies the setting information of
the operating members thereof to setting part 7. Setting
part 7 generates tone color information A showing a tone
¢olor number from this setting information, and supplies this
to tone coloi parameter supplier 7, fiiter selector 8,
reverberation selector 9, and operating signal generator 10,
Furthermore, setting part 7 creates performance dgta based on
the setting information from operating panel 6, and supplies
this performance data to operating siénal generator 10.

Then; filter selector 8 and reverberation selector 9 create
address signals of control programs which are to be read out,
based on tone color information A.

That is to say, filter selector 8 selects the control

program which is to be read out from among the plurality of

control programs for filters Pj, P2, ..., by means of tone
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color information A, and furthermore, in accordance with the
control sampling clock, the address of the control program is
updated by a value of "1" each time. Here, if the size of
one control program is 256 steps, the.control sampling clock
is supplied at periods corresponding to 1/256 of sampling
period T. That is to say, the cycle of one control program
-is completed in one sampling period. In the same manner, in
reverberation selector 9, the control program which is to be
read out is selected from among the plurality of control |
programs for reverberétion P2y, P23, ..., by means of tone
color information A, and in accordance with the control
sampling clock, the control'program_addfess is updated by a
value of "1", _

In Fig. 2, filtering parametérs supplier 20; suppligs
filtering parameters FLT-Q and FLT;fc in order based on tone
color information A and in correspondence with address
signais. These filtering parameters FLT-Q and FLT-fc are
synchronized with the selected control program for filtering
and supplied, and are supplied so as to correspond to the
coefficients K;-K3 (see Fig. 4) for each channel.

In the same manner, reverberating parameters supplier
202 supplies reverberating parameters REV-COEF and REV-VOL in
order based on tone color information A and performance data,
in correspondence with address signals. These reverberatin§
parameters REV-COEF and REV-VOL are syhchronized with the
selected control program for reverberation and are supplied,

and are supplied in such a manner as to correspond to

coefficients K4-Kj13 (see Fig. 7) for each channel.
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Filtering based on the corresponding filtering

parameters described above is conducted in computing part 5
with respect to the musical signals of the 32 channels which
were generated by tone generator 4, and subsequently, these -
are multiplied by an envelope waveform in envelope generator
11. The signals which have been multiplied in this manner
are first accumulated in accumulator 12, and then, in panning
éircuit 13, these signals are separated into a left signal
and a right signal for the purpose of producing stereo.
Thereupon, reverberation is applied to this left signal and
right signal in computing part 5, and then these signals are
converted to analog signals in digital/analog converter 14,
and tone gene:ation is conducted through the medium of

speakers 15.

(7) Operatioﬁ of_Computing Part 5

In computing part 5, as explained above, filtering is
conducted with respect to the musical tone signals of each
tone generation channel generated by mean§ of tone generator
4, and reverberation effecting_is conducted with respect to
the left and right signals divided by means of the panning
circuit 13; these are gonducted within one sampling period T
and in a time shared manner and in parallel.

Fig. 9 shows the execution timing of the filtering and
the reverberation effecting executed in each tone generation
channel within a sampling period T. BAs shown in the diagram,
samplind period T is divided into 32 equal blocks. Numbers
"Q"~-"31" corresponding to each tone generation channel are

assigned to these blocks.
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" The filtering which is executed with respect to each

tone generation channel 0-31ch is conducted so as to be
delayed by 1 block in a 3-block pefiod. That is to say, the
filtering conducted with respect to the musical'tone signal
in channel Och is conducted during the 0-2 block period, and
the filtering conducted with respect to the musical tone
signal in a channel n ch (n represents an integer within a
rﬁnge of 0-31) is conducted so as to be delayed by 1 block
with reépect to the processing of the channel (n-1) ch.

The processing of.each operating unit 70-76 which
realizes reverberation effecting is conducted so as to be
delayed by 1 block within a period of 3 blocks. That is to
say, in revefberation effecting, first, the processing of the
operating unit 70 using operating.unit_A is conducted in the
0-2 block peridd, and next, the processing of the operating
unit 71 is conducted with a 1 block delay with respect to the
processigg of operating unit 70. Hereinafter, in the same
manner, thé procéssing of the operating unit 74 using
operating unit A is conducted with a 1-block delay with
respect to the operating unit 53. .Next, the processing of
the operating unit 75 using operating unit B is conducted
" with a 1l-block delay with respect to the processing of the
operating unit 74, and the processing of the operating unit
76 is conducted'with a l-block delay with respect to the
operating unit 75.

The actual processing number of the operating units
conducting reverberation effecting in a sampling period T is
32. However, in the example shown in the diagram, for the

purposes of simplification of the explanation, the actual
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execution was limited to the 7 operating units 70-76 which

were describedlabove.

In conclusion, in a sampling period T, a control program
comprising 32 consecutive blocks is executed. This control -
program is executed in such a manner that the filtering with .
respect to the musical tone sighals of thg channels 0-31 ch
and the operations of operating units 70-76 are delayed by 1
block'within a 3-block period, and are thus overlaid.

(8) Operation of the Digital Filter .

Next, the operation of the digital filter which is
formed in computing part 5 will bé explained. In the
-ékplan;tion of this operation, the case in which filtering is
execu;ed with respect to the musiéal tone signal of the Och
channel will bé,used as an example. Fig. 10 shows a control
program, which executes filtering with respect to the musical
tone signal_of the Och shown in Fig. 9, as a timetable.
?urthermore, to explain in greater detail, the selection of
selectors 51-54 and the control of filtering register 55 in
computiﬁg.part 5 is expressed as a timetable. The adding
timing of full adder 57 ahd the multiplication timing of
multiplier 58 have no relationship to the operation of the
control program; however, they are shbwn in the timetable in
order to facilitate explanation.

As shown in Fig. 10, this control program comprises 3
blocks "0"-"2", Each block comprises 8 steps. Each step is
executed in a l-block period. As a result, in a sampling
period 1T, a control program having 256 (32 blocks X 8

sampling clocks) steps is executed. Accordingly, in a
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sampling period 1T, by supplying 256 sampling clocks, the
control program is executed. In a sampling clock, the
numbers "0"-"7" are applied in order to the blocks.
Hereinbelow, in order to facilitate explanation, in the case
in which, for example, the fifth sampling clock of the first
block is indicated, this will be referred to as sampling
clock 1-5. |

| Computing part 5 executes each operation [1]-[7]
described below in accordance with the timetable shown in
Fig. 10, and finds the operational results Li-L7 of the

digital filter (see Fig. 4).

{1] Caléulation of Multiplication Result I3

First, as shown in Fig. 10,_in sampling clock 0-3,
address FLT-ad is supplied from filters parameter supplier
201 (see Fig} 2) as a readout address, and y(t-l){ which is
the delay data of delay R; (see Fig. 4) is read out of
filtering register 55. This data y(t-1) was ﬁritten as delay
R; one sampling period prior.to the present time t. That is
to say, delays R; and Rz are realized using filtering register
55, and by means of reading out the written data after period
1T, the data are delayed by 1 sampling period T. The data
y({t-1) are delayed by one sampling clock by means of delay
element Dg (see Fig. 3), so that these data are supplied to
selector 53 during sampling clock 0-4.

Next, in sampling clock 0—4I(see'Fig. 9), selector 53
selects input terminal C. By means of this, data y(t-1) are

supplied to multiplier 58.
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In sampling clock 0-3, selector 54 selects input
terminal A. The data supplied to this input terminal A
correspond to coefficient K3 in Fig. 4, aﬁd in sampling clock
0-3, these data are parameter FLT-Q, ﬁhigh is SQpplied from
"filtering parameters supplier 201. These data are‘supplied
to multiplier 58 during sampling clock 0-4 through the medium
of delay element Dg. - |
| Accordingly, during sampling clock 0-4, data y(t-1) and
coefficient K3 are supplied to multiplier 58 so that the
multiplication result L; shown in equation 1 is calculated.:
Multiplication result Lj is supplied to input terminal C of.
selector 51 through the mediuﬁ of delay element 3D and
amplifiers OP, in order. That is to'say, multiplication
result Ij is amplified by +§ dB dﬁring sampling clock 0-7 and

is supplied to input terminal C of selector S51.

[2] Calculation of Addition Result Lp
In sampling clock 0-7, selector 51 selects input
terminal C, and selector 52 selects inpﬁt terminal B. By
. means of the selection of selector 51, multiplication result
Li is supplied to input terminal B of full adder 57 through
" the medium of exclusive-OR gate 59 and delay element Dg.
Furthermore, the signal supplied to iﬁput terminal FILT-IN is
digital filtér input signal x(t), and by means of the
selection of selector 52, this is supplied to input terminal
A of full adder 57 through the medium of delay element Dj.
Here, multiplication result L; and input signal x(t; are
supplied through the media of delay elements Dg and D,

respectively, so that they are supplied during sampling clock
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1-0 ‘to full adder 57. Accordingly, the &addition result Lj

shown in equation 2 is calculated.

(31 Caleulation of Addition Result L3

Next, in saﬁpling clock 1-1, selector 51 seleets'input'
terminal A. At this time, the addition result Ls calculated
by means of full adder 57 in sampling clock 1-0 is delayed by
i sampling clock by means of delay element D2 and is supplied
to input terminal A of selector 51. By means of this,
addition result Ly is supplied to input terminal B of full
adder 57 through ihe media of exclusive-OR gate 59 and delay
element Dg. '

In sampling clock 1-0, the data X(t-1l) of delay Rz which
were written in the immediately pfevious sampling period are

read out of filtering register 55. These data are delayed by
1 sampling clock by means of delay element Dg, so that they
‘are supplied in sampling clock 1-1 to input teiminal A of
selector 52. In sampling clock 1-1, selector 52 selects
input terminal A, so that data X(t-l) are supplied to input
terminal A of full adder 57 fhrough the medium of delay
elemeht D3j. That is to say, addition result L and data X(t-
" 1) are supplied through the medium of delay elements Dg and-
D1, respectively, so that they are supplled in sampling clock
1-2 to full adder 57. By means of this, the addition result

L3 shown in Equation 3 is calculated.

(4] Calculation of Multiplication Result L4

Next, in sampling clock 1-3, selector 53 selects input

terminal B. At this time, the addition result L3 calculated
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by means of full adder 57 in sampling clock 1-2 is delayed by

1 sampling clock by means of delay element Dz and is supplied
to input terminal B of selector 53, so that this addition
result is supplied to multiplier 58.

In sampling clock 1-2, selector 54 selects input
terminal B. The data supplied to this input terminal B
correspond to coefficient Ki in Fig. 4, and are parameter
fLT-fc, which is supplied from filtering parameters supplier
20; in sampling clock 1-2. These data are supplied in
sampling clock 1-3 to multiplier 58 through the medium of
delay element Dg.

Accordingly, in saﬁpling clock 1-3, addition result Lj
and coefficient K; are supplied to multiplier 58, so that the
multiplication result L4 shown in Equation 2 is caléulated.
This multiplication result L4 is outputted through the medium
of delay element 3D, so that it is supplied to selector 51.in

sampling clock 1:6.

[5] Calculation of Addition Result Ls

Next, in sémpliﬁg clock 1-6, selector 51 selects input
terminal B. As a result, multiplication result L4 is
supplied to input termihal B of full adder 57 through the
medium of exclusive-OR gate 59 and délay élement Dg. At this
time, each bit of adder—éubtractor control signal SUB
acquires a value of "1", so that the subtraction processing
of input terminal (A-B) is conducted in full adder 57.
Furthermore, multiplication result Lg is supplied through the

medium of delay element Dg, so that it is delayed by 1'
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sampling clock from sampling clock 1-6 and is supplied to
full adder 57 in sampling clock 1-7.

In sampling clock 1-5, the data y(t-1) of delay Ry are
again read out from filtering register 55. 1In sampling clock
1-6, selector 52 selects input terminal A. The data y(t-1)
are suppligd thiough the medium of delay elements Dg and Dj; in
order, so that these data are delayed by 2 sampling clocks
from'sampling clock 1-5, that is to say, they are supplied to
. input terminal B of full adder 57 in sampling clock 1-7.

Accordingly, in sampling clock 1-7, multiplication
result Lg and data y{t-1) ére supplied to full adder 57, so
that the addition result Ls shown in equation 5 is
calculated. This addition result Lgs is outputted through the
" medium of delay element D3, so that it is supplied to
selector 53 .in sampling clock 2-0. Furtherﬁore, addition
result Ls is supplied through the medium of delay element Dy
so that it is supplied to .the data input terminal of
filtering register 55 in sampling clock 2-1. At this time,-
addition result Ls is written into filtering register 55 as
the data y(t) of delay R; at the present time T.

Here, the data which were.written as y(t) are read out
" in sampling”clocks 0-3 and 1-5 as data y(t-1), which were
delayed by 1 sampling period. Filtering register 55 operates
as a shift register, so that the writing address and the
 readout addreés are identical. That is to say, in sampling
clocks 0-3, 1-5 and 2-1, the address FLT-ad supplied by
filtering parameters supplier 20; has the same contents. As
explained above, this is caused by the fact that the order of

writing and readout is reversed.
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[6] Calculation of Multiplication Result Lg

Next, in sampling clock 2-0, selector 3 selects input
terminal B. At this time, the addition result Ls is supplied
to input terminal B of the same selector, so that the
addition result is supplied to multiplier S58.

In sampling clock 1-7, selector 54 selects input
terminal B. By means of this, the parameter FLT-fc which was
supplied from filtering ﬁarameters supplier 203 to the_input'
terminal, is supplied to multiplier Sé through the medium of
delay element Dg in sampling clock 2-0. Tﬁis pérameter FLT-
fc corresponds to the coefficient Kz shown in Fig. 4.
Accordingly, in sampling clock 2-0, addition result Ls and
coefficient Ky are supplied to muitiplier 58, so that the
multiplication result Lg shown in Equation 6 is calculated. -
This multiplication result Lg is supplied through the medium
of delay element 3D, so that it is supplied to seledtor 51 in

sampling clock 2-3.

[7] Calculation of Addition Result L7

Next, in sampling clo&k 2-3, selector 51 selects input
terminal B and selector 52 selects input terminal A. At this
time, the multiplication resUlq Lg is.supplied to selector
51, so that this multiplication result is supplied to input
terminal B of full adder 57 through the media of exclusive-OR
gate 59 and delay element Dg. That is to say,_multiplication
result Lg is supplied to input terminal B of full adder 57 in

sampling clock 2-4.
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" In sampling clock 2-2, data X(t-1) of register Rz are
read out again from filfering register 55. These data are
supplied through the medium of delay element Dg, so that they
are supplied to input terminai A of selector 52 in sampling
clock 2-3. At this time, selector 52 selects the input
terminal stated above. As a result, déta X(t-1l) are supplied
through the medium of delay element D1( so that they are
supplied to input terminal A of full adder 57 in samplipg
clock 2-4.

Accordingly, in sampling-clock 2-4, multiplication
result Lg and data X(t-1) are supplied tq full adder 57, so
that the addition result L4 shown in equation 7 is
calculated. This.addition result L7 is supplied through the
medium of delay element Dy, so that this is outputted from
butput terminal FILT-OUT in sampling clock 2-5 through the
medium of delay element D4y. As a result, in.sémpling clock
2-6, this is supplied to the data input terminal of filtering
register 55.

At this time, addition result L is written into
filtering register 55 as data X(t) of a new delay Ry. Here,
the data written as X(t) are read out in sampling clock 1-0
"and sampling clock 2-2 with a 1 Sampling period delay as data
x(t-1). However, in this case as well, the writing address
and the readout address are identical for the same reasons as
in the case of y(t) described above; that is to say, because
the order of writing and readout is reversed. That is to
say, in sampling clocks 1-0, 2-2, and 2-6, the address FLT-ad
supplied from filtering parameters supplier 20; has identical

contents.
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In this way, by means of the control program shown in

Fig. 9, filtering is conducted with respect to the musical
tone signal in channel Och in the period from sampling clock
0-0 to sampling clock 2-7.

Next, the filtering with respect to the musical tone
signal of tone generation channel lch is conducted in such a
manner as to be delayed by 1 block With respect to the
processing of the tone éeneration channel Och described above
aﬁd as shown in Fig. 9. Hereinafter, in the same manner, the
filtering with respect to the musical tone signal of a
channel n ch is conducte& in such a manner as to be delayed
by 1 block with respect to channel (n-1) ch. As a result,
for éxample, in the period of the block number 2 shown in
Fig. 9, the filtering of the musical s%gnals of channels 0O-
2ch proceeds simultaneously and without hindrance.

The filtering algorithm of the 32 channels is identical
for each tone generation channel. However, differing
filtering pafameters aré supplied from filtering parameters
supplier 203 for each tone géneration channel, so that
individual filtering can be executed with respect to the

musical tone signals of the 32 channels.

(9) Operation of the Reverberation Effecting Circuit

The reverberating effecting circuit is realized by meahs
of the time shared operation of the operating units A shown
in Fig. 7 or the operating units B shown in Fig. 8. First,
the operation of operéting unit A will be explained with

reference to Fig. 10. Here, in order to simplify the
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explanation, operating unit A is explained with reference to

the case in which operating units 73 and 74 are operated.

Fig. 10 shows the timetable of a control program for
executing reverberation'effecting. To explain in greater
detail, the selection of selectors 51-54 and the control of
reverberating register 56 in computing part 5 is displayed in
terms of a timétable.

The operating units which execute the reverberation
effecting circuit are comprising, as in the case of the
filtering described abo@e, 3 blocks "0%-%"2", Each block -
comprises 8 steps (sampling clocks). Computing part 5
gxecutes the operations [1]-{7] described hereinbelow, and
obtains the various operational results Ljj-Li7 of operating

unit A (see Fig. 7).

(1] Calculation éf Multiplication Result Ljj

First, as shown in Fig. 10, in sampling clock 0-2,
selector 53 selects input-terminal D. At this time, input
data Ej;, which were read out of reverberating register 56 in
sampling clock 0-1, are supplied to input terminal D of
selector 53 through the medium of delay element Dg. As a
result, these input data are éupplied to multiplier 58.

In sampling clock 0-1, selector 54 selects input
terminal C. At this time: the parameter REV-COEF from
reverberating parameters suppliers 203 is supplied to ihput
terminal C as coefficient K4 of operating unit A, and is

supplied in sampling clock 0-2 to multiplier 58 through the

medium of delay element Dg (see Fig. 3).
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Accordingly, in sampling clock 0-2, coefficient K4 and

input data E; are supplied to multiplier 58, and a
multiplication result Lj;j, wherein Lj; = Kq ¢ Ej;, is
calculated. This multiplication result Ljj; is supplied
through the medium of delaying element 3D, so that it is
supplied to selector 51 in sampling clock 0-5. At this time,
selector 51 selects input terminal B, and furthermore;
ﬁnltiplicatiqn result Lji; is supplied through the medium of
delay elément Dg, so that this;multiplication réshlt is
supplied to input terminal B of full adder 57 in sampling
clock 0-6.

In sampling clock 0-5, selector 52 does not select an
input terminal, so that nothing is inputted into input
terminal-g'of full adder 57 in saﬁpling clock 0-6.
Accordingly, in sampling clock 0-6, full adder 57 adds
nothing to multiplication result Lj;, and output it. That is
to say, multiplication result Ljij is'outputted in an unchanged
manner. In this case, in sampling clock 0-5 it is also

acceptable for selector 52 to select "O".

[2] Calculation of Multiplication Resﬁlt Li2
In sampling clock 0-5, selector 53 selects input

terminal D. In sampling clock 0-4, input data E; are read
out of reverberating register 56. By means of this, these
input data are supplied to multiplier 58 in sampling clock O0-
5. Furthermore, .in sampling clock 0-4, selector 54 selects
input terminal C. At this time, the parameter REV-COEF which
is supplied to input terminal C is coefficient Kg of |

operating unit A shown in Fig. 7 (1). By means of this,
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coefficient Kg is supplied to multiplier 58 in sampling clock

0-5..

Accordingly, in sambling clock 0-5, coefficient Ks and
input data Ez are supplied to multiplier 58, and a
multiplication result L3z, wherein Ljs = Ks * E, is
calculated. This multiplication result Ljz is supplied
through the medium of delay eiement 3D, so that this
multiplication result is supplied to input terminal B of

selector $1 in sampling clock 1-0.

[3] Calculation of Addition Result L;j3

| In sampling clock 1-0, selector 51 selects input
terminal B. At this time, multiplication result L;z is
supplied to input terminal B of this selector, and delayl
element Dg is connected to the output of this selector. Aas a
result, in sampling clock 1-1, multiplication result L3z is
supplied to input terminél B of full adder 57. 1In sampling
clock 1-0, selector 52 selects input terminal D. - At this
time, multiplication result Lj;j; is supplied to the input
terminal D of selector 52. This is bécauge the
multiplication résult Ljy outputted from full adder 57 and
. sampling clock 0-6 is delayed by 2 sampling élocks through
the medium of delay elements D and D3. By means of this,
multiplication result L;; is supplied from selector 52 though
| the medium of delay element D3, and is supplied to input
terminal A of full adder 57 in sampling clock 1-1.
Accordingly, in sampling clock 1-1, multiplication results L1z
and Lj2 are supplied to full adder 57, and addition result

L33, wherein L33 = Lj; + Lj2, is calculated.
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[4] Calculation of Multiplication Result Lig

In the same manner as in the éase of the calculation of
the multiplication results Lj;j; and Lj;2 described above, in
sampling clock 0-7, selector 53 selects input terminal D, and
input data E3 are read out from reverberating register 56 in
sampling clock 0-6. By means of this, input data E3 are
supplied to multiplier 58 in sampling clock 0-7.
Furthermore, in sampling élock 0-6, seléctor 54 selects input
terminal C. At this time, the parameter REV-COEF supplied to
input terminal C is coefficient Kg Qf-operatihg unit A (see
Fig. 7). By means of this, coefficient Kg is supplied td
multiplier 58 in sampling clock 0-7. |

Accordingly, in sampling cloék 677, coefficient Kg and
the data of register E3 are supplied to multiplier 58, and a
multiplication result Ljg, wherein 1i4 = Kg * E3, is
calculated. This mnltiplication result Lj4 is supplied
through the medium of delay elemeﬂt 3D, so that it is delayed
by 3 sampling clocks, and is supplied to input terminal B of

selector 51 in sampling clock 1-2.

[5] Caiculation of Addition Result Ljs

In sampling clock 1-2, selector 51 selects input
terminal B. At this time, multiﬁlication result Ljg4 is
supplied to input terminal B of this selector 51.
Furthermore, delay element D¢ is connected to the output of
this selector 51, so that multiplication result Li4 is
supplied to the input terminal B of full adder 57 in sampling

clock 1-3.
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In sampling clock 1-2, selector 52 Selects input

terminal C. At this time, addition result L33 is supplied to
input terminal C of the same selector 52. This is because
the addition result Lj;3 which was outputted by full adder 57
in sampling clock 1-1 is delayed by 1 sampling clock through
the medium of delay element Dé. By means of this, addition
_result Lj3 is supplied from selector 52 through the medium of
delay element D3, and is supplied to the input terminal A of
full adder 57 in sampling clock 1-3; Accordingly, in
sampling clock 1-3, addition result L33 and multiplication
resﬁlt Li4 are supplied to full adder 57, and an additional

result L3is, wherein L3s = Lj3 + Lig, is calculated.

[6] Calculation of Mul;iplication'Result Ii¢

In the same manner as in tﬁe case of the multiplication
results Lii, L12, and Lig, in sampling clock 1-1, selector 53
.selects input terminal D, and in sampling clock 1-0, input
data E4 are read out from reverberating register 56. By
means of this, in sampling clock 1-1, input data Eg4 are
supplied to multiplier 58. -

Furthermore, in sampling clock 1-0,lselector 54 selects
input terminal C. At this time, the parameter REV-COEF which
is supplied to input terminal C is coefficient K7 of
operating unit A (see Fig. 7). As a result, in sampling
clock 1-1, coefficient K7 is supplied to multiplier 58.

Accordingly, in sampling clock 1-1, coefficient K7 and

input data E4 are supplied to multiplier 58, and a

multiplication result L16, wherein Lig = K7 * E4, is

calculated. This multiplication result L3g is supplied
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through the medium of delay element 3D, so that it is
supplied to the input terminal B of selector 51 with a 3-

sampling clock delay, in sampling clock 1-4.

[7] Calculation of Addition Result Lj9

In sampling clock 1-4, selector 51 selects input
terminal B. At this time, multiplication result Lj;g is
éupplied to input terminal B of selector 51. Furthermore,
delay element D¢ is connected to tﬁe output of selector 51,
so that the multiplication result is supplied to input
terminal B of full adder 57 in sampling clock 1-5.

In sampling clock 144, selector 52 selects input
terminal C. At this time, addition result Ljs is supplied to
inpﬁt terminal C of selector 52. .This is because addition
result Lis, which was outputted from full adder 57 in sampling
clock 1-3, is delayed by 1 sampling clock through the medium.
of delay eiement D2. By means of this, the addition result
is supplied from selector 52 throughlthe medium of delay
element D3, and is supplied to input terminal A of full adder
57 in sampling clock 1-5.

Accordingly, in sampling clock 1-5, addition result Ljs
and multiplication result Lig are supplied to full adder 57,
and an addition result L3y, wherein Lj7 = L3s + Ljig, is
calculated. This addition result Lj;7 is delayed by 2 sampling
clocks through the medium of delay elements Dy and Ds, and is -
written into reverberating register 56 as output data Fj.

The éperating unit A, which obtains each of these

operation results Lji; - Li7 in this manner, corresponds to the
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operating units 70-74 which are shown in Fig. 6, and as shown

in Fig. 9, these are operated in 3-block periods.

For example, when the processing of an operating unit 73
using an operating unit A is conducted, at the readout
timings of the input data Ej-E4 in operating unit A, the
respectively corresponding delay data DCz, DC4, DCg, and DCg
are read out from reve;berating register 56. This is
conducted by means of desigﬂating,addresses Az, Ay, Ag, and Ag
‘as address REV-ad. Furthermore, the coefficients K4-K7 of
parameter REV-COEF are supplied as coefficients Cs, C7, Co,
and C3; in operating unit 73, at each supply timing.
Furthermore, the output data F; of operating unit A are
temporarily stored in reverberating register 56 as addition
result TCy of operating unit 73. '

. In the same manner, when the processing of operating
ﬁnit 74 which uses operating unit A is conducted, at the
readout timings of input data E;-E4 in operating unit A, the
respectively corresponding delay data DC3, DCs, DC7, and DCg
are read out from reverberating register 56. This is
conducted by means of designating the addresses A3, As, Ay,
and Ag as address REV;ad. 'Furthermore, the coefficients Kg-
- K7, which are.parameter REV-COEF, are supplied at each supply
timing as coefficients Cg, Cg, Cig, and Ciz in operating unit
74. Then, the output data Fi1 of operating unit A are
' temporarily stored in reverberating register 56 as addition
result TCz of operating unit 74.

Next, the operations at the time of the conducting of
the processing of operating units 70-72 (see Fig. 6) by means

of operating unit A will be explained. In this case, the
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differences with the above-described operating units 73 and

44

74 lie in the fact that input data E; in operating unit A
comprise a left signal in operating unit 70 and 72, and
comprise a right signal in operating unit 71.

In the timetable shoﬁn in Fig. 10, in_sampling clock 0-
2, selectér 53 selects input terminal D. However, in
accordance with the points of difference mentioned above,
ﬁhen the processing of operating units 70-72 is conducted,
the selector 53 selects input terminal A. At this time,
panning circuit 13 (see Fig..l) generates a left signal when
operating ﬁnit 70 or 72 is executed, and generates a right
signal when operating unit 71 is executed,.and supplies these
through the medium 6f inpﬁt terminal REV-IN.

When the processing of operaﬁing unit 72 is conducted,
the input data Ez in operating unit A comprise a right
signal, and in sampling clock 0-5, selector 53 selects input
" terminal A. In operating units 70-72, the input data E4 and
the multiplication coefficient which is multiplied by the
input data E4 in operating unit A have values of "X" and "0",
respectively. o

In the case in which a representation is to be made of
the prqcessing of operating units 70-74 by means of operating
unit A, in sampling clock 1-1, a selebtion signal is not
. supplied to selector 53. 1In this case, the selection of an
input terminal in selector 53 is indeterminate. However, in
the present preferred embodiment, in sampling clock 1-0, the
value of the coefficienf K7 which is supplied as parameter
REV-COEF to input terminal C of selector 54 is set to a value

of "O" in accordance with the multiplication coefficient in
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operating unit 70. As a result, becausé coefficient K7 is
supplied through the medium of delay element Dg, this
coefficient is supplied to multiplier 58 in samp}ing clock 1-
1. By means of this, the multiplicétion result of the
multiplier 58 becomes "0", and this is the multiplication
result Lis in operating unit A.

In the same manner, the input data E3 of the operating
unit A corresponding to operating unit 72 and the
multiplication coefficient multiplied by this input data Ej
have values of "X" and "0", respectively. In this case, in
sampling clock 0-7, a selection signal is not supplied to
. selector 53, and in sampling clock 0-6, the coefficient Kg
which is supplied as parameter REV-COEF to input terminal C
of seléctor.$4 has a value of "0%, in accordance with the
multiplication coefficient in operaging unit 70.. As a _
result, this coefficient is supplied through the medium of
delay element Dg, soO fhat the coefficient is supplied to
multiplier 58 in sampling clock 0-7, and the multiplication
result of multiplier 58 becomes "0". This is the
multiplication result Lis in operating unit A.

In this manner, in the present preferred embodiment, the
- coefficients K¢ and K7 which are supplied as parameter REV-
COEF, are given values of "0" at supply timings theieof, and
thereby, the processing of the input data "X" and the
multiplication coefficient "0" in operating units 70-72 is
accomplished.

Furthermore, the multiplication coefficients Cz3 and Cpg4
in operating units 70 and 71 are supplied to the multipliers

TC23 and TCz4, which determine the size of the left and right
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outputs, as can be seen from the reverbération effecting

circuit shown in Fig. 5. That is to say, in the processing
of operating units 70 and 71 by means of operating unit A,
multiplicatidn coefficients Cz23 and C24 are supplied not as
parameter REV-COEF, but rather as coefficient K¢ of parameter
: REV-;VOL .

Accordingly, in representing the processing of operating
unit 70 by means of operating unit A, the situation is
different from that shown in Figure 11 in that selector 54
selects input terminal D in sampling clock 0-6, and in
sampling clock 0-5; multiplication coefficient Czé is supplied
to input terminal D of selector 54 as coefficient Kg of
pa;ameter REV-VOL.

In the same way, when the précessing of operating unit
71 is conducted by means of operating unit A, selector 54
selects input terminal D in sampling clock 0-6, and _
multiplication coefficient Cz4 is supplied to input terminal D
of selector 54 as coefficient K¢ of parameter REV-VOL in
sampling clock 0-5.

In this manner, when processing is conducted using
operating unit A, as a result of the differences of operating
units 70 - 74, the selection of ;he selectors 51 - 54 and the
writing/readout control of reverberaﬁing register 56 are
conducted fundamentally in accordance with the timetable
shown in Fig. 11, and the operations of operating unit A are
conducted repeatedly in correspondende with the.individual
operating units 70 - 74.

Furthermore, computing part 5 determines operation

results Ljg - L23 of operating unit B (see Fig. 8) in
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accordance with the timetable shown in Fig. 12. The points

of difference between this timetable and the timetables shown
in Fig. 10 are given hereinbelow.

a) In sampling clock 1-3, addition result Lo is written
into reverberating register 56 as output data Fa.

b) In sampling clock 1-2, multiplication result Lz; has
nothing added thereto, so that selector 52 selects nothing.
| Other than this, computing part 5 proceeds in accordance
with the timetable in'Fig. 12, in a manner identical to that
of operating unit A, and the operationé of operating unit B’
. are repeatedly  conducted in correspondence with the
individual operating units 75 and 76.

As shown in.Fig. 9, computing part 5 executes the
operations of_pperating units 70-76 in order in
" correspondence with operating units A and B. That is to say,
computing part 5 executes operating unit 70 in the period of
blocks 0-2, executes operating unit 71 with a 1i-block (8
clock) delay, and in the ‘same manner, executes all operating
units up through operating unit 76. Accordingly, compufiﬁg'
part 5 executes operating units 70-76 in 1 sampling period T,
so that reverberating effecting is conducted with respect to
" the left and right signals of panning circuit 13 (see Fig.
1). o

As explained above, computing part 5 conducts filtering,
and, by means of operating units 70-76, reverberation
effecting with respect to musical tone signals in channels 0-
31ch in a time-shared manner and in 1 sampling period T. At
this time, as is clear from Figs. 10-12, there is no overlap

‘among the selection control of selectors 51-54, the read
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out/writing control of filterihg register 55, and the read

out/writing control of reverberating register 56, in
computing part 5. |

For example, in the second block of the sampling period
shown in Fig. 9, the filtering of the musical tone signals of
channels 0-2ch and the processing of operating units 70-72
proceed simultaheously. However, the operating timing of
full adder 57 and multiplier 58 does not overlap at the
sampling clock level. This is achieved by providing delay
elementsyggtween each selector 51f54, full adder 57, and
multiplier 58 in computiné part 5. -

Furthermore, the f;ltering is divided into channels, and
the reverberation effecting'is divided into operating units,
as a un}t of the operational algoéithm, and these operational
algorithms are executed in such a manner that they are
delayed by a fixed period. As a result, it is possible to
process a plurality of inputted'data in a time-shared manner
sb that there is no mutual hindrance, and to output these.
data. Furthermore, filtering and reverberation effecting are
conducted in the same computing part 5, so that the circuit

composition is simplified.

(Second Preferred Embodiment)

In the above-described preferred embodiment, after
filtering was applied to the musical tone signals,
reverberation was applied. However, in the composition of
the present preferred embodiment, if the content of the
control program is rewritten, it is possible to apply effects

such as chorus, flanger, distortion, exciter, or the like.
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Furthermore, these effects may be applied not merely to the
same musical tone signal, but a plurality of different
effects may be applied to a plurality of differing musical
tone signals. .In addition, it is possible to apply differing
effects in a parallel manner to a single musical tone signal.
-
ect Has Been Replaced :
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wWhat is claimed is:

1. A digital signal processing apparatus for conducting
filtering and applying reverberation with respect to a
generated musical tone signal, having:

designating means (7,8,9) for generating filtering
designation data, which designate contents of said filtering,
reverberating designatioﬁ data, which designate contents of
said reverberation, énd characteristics data, which express
combined contents of said filtering and said reverberation,

parameters generating means (201,202) for generating
filte:ing parameters which express filtering characteristics
in accordance with said filtering designation data, and for
generating reverberating parameters expressing reverberation
chéracteristics in accordance with.said reverberating
designation data and said characteristics .data,

readout means (21,,213) provided with memory means
(221,223) which stores a plurality of operating algorithms,
for reading a first operating algorithm, which designatgs
sai@ filtéring designation data, and a second operating
algorithm, which designates said reverberating designation
data, out of said memory means,

a computing means (5) which possesses a plurality of
adding mechanisms, multiplying mechanisms, and delaying
mechanisms, forms a digital filter having characteristics in
accordance with said filtering parameters and comprising a
combination of said plurality of adding mechanisms,
multiplying mechanisms, and delaying mechanisms based on said

first operating algorithm, forms an operating unit having

REPLACED
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reverberation characteristics in accordance with said
reverberating parameters, and comprising a combination of -

said plurality of adding mechanisms, multiplying mechanisms,

and delaying'mcchanisms based on said second operating
algorithm, conducts time-shared operating of said digital

filter and said operating unit, and conducts parallel

processing of said filtering and said reverberation.

2. A digital cignal pfocessing apparatus in accordance with
Claim 1, wherein said filtering parameters include at least a
cut-off frequency and a resonance value exprecsing séid
filtering characteristice, and information providing
necessary delay amounts is providcd at a time of said

filtering.

3. A digital signal processing apparatus in accordance with -
Claim 1, wherein said fi;tefing parameters include at least a
reverberation output level and a‘reverberation coefficient
expressing said reverberation characteristics, and
information providing necessary delay amounts for said

reverberation is provided. ' !

4. A digital signal processing apparatus in accordance with
Claim 1, wherein said parameters generating means generates
said filtering parameters and reverberating parameters in

accordance with tone color information set in a predetermined
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manner, and said filtering parameter and said reverberating
parameters are synchronized with a key-on signal designating

musical tone generation, and outputted.

5. An electronic musical instrument for applying a mutually
differing firsﬁ effect and second effect with respect to
musical tones generated-in accordance with a performance
operation, wherein -

" (a) first through fourth selecting means (53,54,51,52)
for selecting signals supplied to a plurality of provided
input terminals, and for predetermined time delaying said
sighals and outputting said signals,

(b) a'mu;tiplying.means (58)lfor multiplying an output
of said second selecting means (54) and an output of said
first selecting means (53), predetermined time delaying a
multiplication result thereof, and outputting said |
multiplication result,

(c)_an adding-subtracting means (57), for conducting one
of addition and subtraction of an output of said third |
selecting meéns (51) and an output of said fourth selecting
means (52), predetermined time delaying an addition result or
a subtraction result thereof and outputting said result,

{d) a first delay means (55), for applying a necessary
delay to said first effect with respect to an output of said
adding-subtracting means (57), and outputting said effect as
a first delay signal,

(e) a second delay means (56), for applying a necessary

delay amount to said second effect with respect to an output
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of said adding-subtracting means (57), and outputting said
effeét as a second delay signal, and

(£) a time-shared control means, for selecting
controlling said first,through fourth selecting means in a
time~-shared manner based on a first operating algorithm
corresponding to said first effect.and'a second operating
algorithm corrésponding to said second effect, and for
directing addition operation or subtraction operation of said
adding subtracting means, o

are ﬁrovided, and

said musical tone signal and an output of said adding-
subtracting means, said first delay signal, and said second
delay signal are supplied to said first selecting meané.

a first parameter,.expressiné contents of said first
effect, and a second paramgter, expressing contents of said
effect, are supp;ied to said segond selecting means,

an ouéput of said multiblier.and an output of said
adding-subﬁracting means-are supplied to said third selecting
means,

said musical tone signal, said first delay signai, and
an output of said adding-subtracting means are supplied to
' said fourth selecting means, and

said time-shared control means forms a digital filter
having characteristics corresponding to said first parameter
based on_said first operating algorithm, forms an operatihg
unit having reverberation characteristics corresponding to
said second parameter based on said second operating

algorithm, operates said digital filter and said operating
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unit in a time shared manner, and processes said first effect

and said second effect in parallel.

6. An electronic musical instrument in accordance with Claim
5, wherein said first delaying means and said second delaying

means are comprising shift registers.

7. An electronic musical instrument in accordance with Claim
5, wherein said time shared control means processes said
first effect and said second effect in parallel within one

sampling period.

8. An electronic musical instrument in accordance with Claim
5, wherein said operating unit simulates an initial

reflecting tone and a final reverberating tone.

9. A digital signal processing apparatus comprising:

a first memory means (223, 223) for storing a plurality
of control programs,

a readout means (213, 213) for reading at least two

controi programs out of said first memory means,

| a plurality of operators,

a plurality of selectors (53, 54, 51, 52) for sélecting
an input data to be supplied to input tefminals of said
operators, based on control programs read out by said readout

means,
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a second memory means (55, 56) for storing or reading
out a result data outputted by said operators, based on
control programs read out by said readout means, and

a plurality of delaying means (D1~Dg, 3D) for
predetermined time delaying and outputting data supplied to a
connection line within whicﬁ said plurality of delaying means .
is provided and which is connected to said second nemory

means, said operators, and said selectors.
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