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DIGITAL SIGNAL PROCESSING APPARATUS EMPLOYED IN ELECTRONIC

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 example, the effector

disclosed in Japanese Patent Publication No. Hei 1-19593,

This effector comprisés a plurality of_operators 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
generated. In this type of apparatus, during; for example,
one sampling period, after modulation effeéts 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 consecutlvely.

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

. o
appllcatlon of a secpnd Weffect"é; Aé a result, the waltlng

,_i
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processi ng apparatus whi ch simultaneously applies vari ous Thisfleetdias Besn Beplared
rever berati on and chorus and the like with respect to a di 1
tone signal generated in an electronig nusical instrunent.

Art Conventi onal exanples of this type of digital signa processi ng
apparatus include, for exanple, the effector disclosed in Japanese Patent

PUblicaIi(”béﬁiod*§f %h&?%%%:ators 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 reve;berating parameters expressing
reverberation characteristics in accordance with the above
reverberating designation data and the above characteristics

data,




This effector conprises a plurality of operam@s&mﬁﬁﬁhmﬁie tipliers and
adders. . This apparatus applies reverberatlo on ef fects such
as chorus, flanger, and the like, wth resp

nmusi cal tone
signal which is generated. In this type of a ng, for exanpl e,

one sanpling period, after nodul ation effects have been appl i ed,

[ﬁge;ggrealt oo & 288LGRE nldBholn' Brdfacd Withs AdhSry néBRAL LS "
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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effects are applied to a digital nusical tone signal, the . processin emhwd
applying. the various "effects” is conducted in order and co
Accordingly, in such a conventional effector, while prOCGSSI ‘Imll

application of a given "effect” is belng conducted it iIs no
conduct processing for the application of a second "effect”. a result

the Waltlngreverberation 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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use of the operators worsens. In addition, as processes for t

of effects are executed in series, hlgﬁ speed processing is n

US- A- 4,472,993 di scl oses a sound effect I nparting device for an electronlc
musi cal instrument. The digital signal processor of this sound effect

i nparting deV|ceFé§ec§té§ a hbqgkagf@mr@mf%h9w¥ankk% compes ekl 1 at i on

effect rocess one sa eri od.
P omputing pargpé Eg he same preferred embodiment .

: _: This Sheet H.
2 period of the operators becones |arge, and the effectiive ‘we asg”}ﬁ laced

Fig. 4 is a block diagram showing the composition of the
digital filter, which is operated in e 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 fer.
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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l
By control data and paraneter data which are respectlvely'nﬁﬂmmmﬂklké Rced
control -unit and a paraneter nmenory by nmeans of a read out
of the operation node of the digital agithnmetic operation u [!UMLHMJMHM
controlled in a tine-sharing manner, whereby a plurality of
are inparted to a nusical tone through digital arithnetic operatlons.

m_ﬁﬁl[ion T MY e Rt aReshnie rgbaBinad &P the gita
on & 11 o ST e AR Be Yheh 15, gAY RbR TR OO0

on a time- I on I"at i on I ST neans
the processi g fafetPds i 410 é | %ﬁJ&Q&\ﬁaﬁd ftiﬁﬁeE:&Yz&r B%Péhb
effect is conducted 1 n order consecut 1 vel | e processin

appl i cati onagd féwiéibéﬁét%&n Iamﬁﬁgc whiichSwi2l Besel h.ﬁih@d

conduct processing for the application of the second effect simultaneously.
As a resul thexébnbeldwng period of the operators becomes | arge and the

ef ficiencies of use of the operators worsens. Hi gh speed processing is not
possi bl e. EP- A-0 248 527 discloses a digital signal processing using
wavegui de networks. The digital wavegui de net works have signal scattering

junctions. h@!LﬁNﬁ#@#ﬂ(ﬁﬁﬂﬂQﬂ%ﬁ#
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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wavegui de sections together or termnates a waveguide. Therydich HQMRePeBlaced

constructed from conventional digital conponents such as nu

adders, and delay elenents. The signal 4processor is typi cal LHIIHHIHH“MI I“
digital reverberation and for synthesis of reed, string or

i nstrunents. Summary of the Invention It is accordingly an object of the
present invention to provide a digital signal processing apparat capabl e
of hncreasing t hBefpreprenpymeratsé Hpdi t%ﬁegafﬁﬁﬁ,gﬁﬁﬁrggﬁﬁblgf?ﬂeF) 2
canducti ng hi gh speed, processi ven ases in | R I4 f
effects ar egFgeﬁﬁgﬁﬁpfli %ﬁ.‘_”fﬂ‘éﬂ?ﬁ e‘ﬁﬁtbnrhél:_s %’é?i%%%%]jfcﬁ% %pp&eﬂr#c}eéld (%I ai m
1, with advagiadegHy GEROALPED'G108LL0 Medilef D¥nd No1gmprsderrlanapsiast

clains 2-9. '
to each tone 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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3. In accordance with the type of conposition as given by -Hﬂ@sﬁé_&ﬁ&?ﬁéenazeplaced..

I nvention the designating nmechani smgenerates the filtering
data, the reverberating designation dat@, and the character
whi ch are conmbination of the filtering and the reverberatio

i1

setting part 7, and supplies these address signals to

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 supplies these address signals to operating

signal generator 10. Operating signal generator

designates the operations of the above described

10

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 waveform, multiplies this

by an'inputted musical tone signal, and outputs the 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 these 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
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parameters generating nechani smgenerates filtering par amehgl deet HHecAkdpREA-
filtering characteristics, and reverberating paraneters : ingj ' .
reverberation characteristics. The regdout nechani smreads T}I“ﬂ !WH}M‘”“L
operating algorithm which designates filtering designation A '
second operating algorithm which designates reveberating designation

data, out of the nenory pmechanism in whjch a plurality of, operating
al gorithns are §?EFed‘.’XthTﬁ€f‘c‘Bﬁ’b‘a‘Fi?® Flgchan f%?mg%“cﬁr‘t}f) of filter

hav 19 ChalBEL S Sh G eSO VER: 4 BB LA 2 LIPS oo
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

e 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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and further forns an operating unit having reveraberation THieShes HayBesn Repiaced

in accordance with the reveraberating paraneters, based on f :
operating algorithm and conducts timesghared operating of i
rrrerin

filter and operating unit, and conducts parallel processing g
and reverberati on. Accordingly, as the digital filter which conducts
the filtering gf a si C tone signal, and the operati uni t i ch

appl i es revérbe?ﬁf?ﬂggFﬁ V-HOEF o Pfﬁﬁ%e§i%n5?Ye£%%Fat{§b 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, P22, ..., conduct the time shared
control of the selection of the various selectors and 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
operotes based on the control proérams 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 oignals
~ 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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operated in parallel, the efficiency of use of t he operator
I ncreased, and processing can be acconplished rapidly, even-
which a plurality of effects are to bgy appli ed.

ienﬁg Been RQTIaced

reverberating register 56 are designated by means of address

readout and writing in filtering register 55 and

: fLT-ad eupplied from reverberating parameter supplier 203,
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 mnsical 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 termﬁpal 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 supplied to the data input

terminal of reverberating register 56 through the medium of

delay element Ds.

el
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4 Brief Description of the Draw ngs Fig. 1is a bhpcdd Qs%e@;{‘ieplaced

showi ng .t he conposition of a digital nusical instrunment in ag
a preferred enbodinment of the presenty4nvention. Fig. II] E mﬁmwmr
di agram showi ng the conposition of. operating S|gnal gener at @

sanme preferred

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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enbodi nent . Fig. 3 is a block dlagran1shomnng t he conﬁgﬁgﬁkg@wg

~conputing part 5 in the sane preferred enbodi nent. p Replaced
di agram showi ng the conposition of thgs digital filter, mhlchU l ﬂ? H
in a time shared mannér, in conputing part 5. F|g 5 i

di agram showi ng the conposition of a reverberation effecting circuit,

which is Oeeiﬁgegfl a tlnEhe 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 202, which are shown in Fig. 2.

The computing part 5 having the above composition
.i. 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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shared manner in conputing part 5. Fig. 6 is a bl ock.diagr ho

the conposition of the reverberation effecting circuit shoThls -t m;Fei%d¥%¢
when this is divided into operating u&i‘lts. Fig. 71 sw%ll mt H' Hﬂﬂn
showi ng the conposition of the operating unit shown in Fig. 5
8 is a diagramshowing a tinetable of the filtering and reverberation

effecting process which is executed for__each tone generation channel
ch-31ch mﬁpﬁpﬁa&nggnﬁﬁphgreference to Fig. 4. 1In 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) ...

(Equation 2)

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

(Equation 3)

(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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Fig. 9is a tinetable showing the contents of the filteri Iilﬂsmgtq.ﬂs];é‘enkep]aced

conducted in tone generation channel Qch. Fig. 10 A B
showi ng the control contents of grerating unit A “ ﬂ
is a tinmetable showi ng the control contents of operatr

Detai |l ed Description of the Preferred Enbodi nents (First Preferred

Enbodi nment :
) 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 réverberating
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, respectivély, 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
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gep ained vith reference o the araut e v IlllHlll

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
REPLACED

equivalently formed.



The digital signal proceseing apparatus explained in the . referred

enbodi nent is used in a digital nusical instrunent- -as an ef “Rqﬂmmdr
conducting a filtering process and a rgyerberation effectrn
wi |l be explained hereinbelow . (1) erall Conposition

a bl ock diagram showi ng the conposition of an electronic nusrcal
I nstrument utilizing a digital signal
" Next, the composition of the operiating unit A which

corresponds to operating 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
the muitiplidation result Lj;; thereof is supplied to one 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. Furthermore, 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 ceefficients 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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ﬁrocessing apparatus in acéqrdance with the present inyenti@mgmlgH-q%mlEmh“d;
figure, reference nuneral 1 indicates a keyboard circuit. Th i
circuit 1 generates key-on signals K key codes KC, and ke{ﬂy ﬂ ﬂ ﬂ”
KOFF, and the |ike, in accordance witt the operation of the )
performer. Reference nuneral 2 indicates a tone generation assignnent :
circuit, which assigns the nusical tone signal generated in correspondence
with the dap¥ids A sexyespans) im the following mannér 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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‘any of a plurality of tone generation channels. The digi taﬂhxsmstlmaj;eenkeplaced

I nstrunent in accordance with the present invention posses
generati ng channel s. Ref er ence ?Bmeral 3 indicates a m,”m
paranmeters supplier, which supplies tone col or paraneters re

nmusi cal tones to be generated This tone col or paraneters supplier 3
generates, for exa tone col or _codes NIC jndicati tone color (a

pi ano tonereUFﬁaﬁrggﬁég yeglsheropé, (s8¢ Fig- I?ke) Furthermrreo tdre
'nfornat'oguépu%hagga §1 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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descri bed herei nbel ow, and generates tone coloim rapeters indicating

information relating to tone colors other than , ﬁﬁiﬁﬁﬁ’iﬂiﬁdby.tone

col or codes NTC. _ 21
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 DC2-DCig, DCi2-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,
Az = Ay + 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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Reference nuneral 4 indicates a tone generator.ThEGf6 g SRgHRL
provided with 32 tone generation channels 0- 31
nmusi cal tone signals with respect tozciach t one HB ﬁﬂrﬂ
of time shared operating. Reference nuneral 5 i
this conducts filtering with respect to nusical tone signals

r 4is

s digital
nel by neans
uting part;

supplied by

tone generator 4, and conducts reverberation wth respect to the output
signal s of of fdehiackiresses duringt gagh sampling period T. That is to

say, the addition result TC7 written in address A; is moved to

address (A3+l) after one sampling period. Accordingly, the

delay data DC2 which were read out of address Az (= A; + dz)

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), respectively. 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 "1v 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 conducted 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) are

written into reverberating register 56 for the purpose of

temporary storage. Here, the address given to address REV-ad

is, respectively, Aig, Azp, A2, and Azz. After the addition

results TC1-TC4 have been written into addresses Ajg-Az2,

respectively, it is possible to read out the same addition

results without delay if readout 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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éxpl ai ned hereinbelow, in parallel and in a tinme-sharggshes@anBden Riphced -

conmputing part 5 will be explained in detail hereinb erence
nuneral 6 indicates an operation panelys conprising a. aJ eratlng
menbers; i.t generates setting |nfornat|on i n accorda

operations applied to these operatlng menbers, and supplles this settlng

I nformation to setting. part | n operatiaon anel 6, rious, swtches with
are not i nleEaﬁbe(fqaﬁiqtqﬁeiﬁ 5&1‘5’% £P89CEEAy8Ra 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

THIS SHEET HAS BEEN
REPLACED




———
for exanple, tone color selecting swtches, gmaﬁﬁsmaﬁkqﬁmﬂkches for

setting filtering characteristics or reverb ng Setting part
7 transfornms the setting informationyhy maﬁ\s\mmm col or
information A indicating tone color nunbers this.

Furthernore, setting part 7 creates characteristics data I n accordance

with the cg |ne ontents of the filt |ng characteristi and the
rever ber at i £§¥pEPPESKFh§§E suppfl Here, key-on ﬁé&_{k

provided 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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data to operating signal generator 10. A

. t of )J.q8 Creates
address. signals which are necessary for the Hsﬁﬁﬁ[iﬁ ﬁﬁi}:control program
= A from

whi ch executes filtering, based on tqﬂf col o
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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setting part 7, and supplies these address Si nals to operatlng si gnal

generator 10. Reverberation selector creat s which are
necessary for the readout of the con@rol pr og “ ut es
reverberation effecting, based on tone col or romsetting

~part 7, and supplies these address signals to operating signal generator

oosc Tons compoterEA SR 80 (R LSRG B LR, T (e 2Pove

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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ﬁart 5; the conposition thereof will be expla| Q%h [ |nbelom1 Next ,

the nusical tone signals of the-32 channels, edeach of
d to envel ope
eform

whi ch is conducted in conputing part g are se

generator 11. Envel ope generator gnerates

multiplies this by an inputted nu5|cal t one S|gnal and outputs t he

result. The nusical tone signals having envel opé maveforns applied
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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thereto in this manner are then supplied to ac@bﬂﬂhaﬂbsBﬁ@quaad _
accumnul at ed. Ref erence nuneral 13 indicat rcurt It
splits an inputted signal into a steregsleft sr srgnal and
supplies these to conputing part 5. Reverberatron e S ed to -
the left signal and the rrght signal in conputing part 5 and these

signals are__converted to signal s_in drgrtaI/anan converter 14.
Thgn thesee§ﬁ§P§g°§i§ﬁ§I§§ﬂ$ egeﬁ%r%E%d 7 RPexating which

were described above.

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 the 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 be explained. In the
-ekplagetion of this operation, the case in which filtering is
execu;ed with respect to the musiéal tone signal of the Och
channel will be,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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t.he output of the digital musical instrument itk SHéetat Ben Rephgiedim of two

di f-feri ng speakers 15. (2) Conposition of Cﬂmm”“mmfnﬂl“tor 10
29 _

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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Next, with reference to Fig. 2, the conposition of operatﬂh S ﬂ@msﬁmﬂhﬂﬁmd

wi || be . expl ai ned. The address signals generated by filter

supplied to filtering paranmeters supplier 20[err] and read

circuit 21[err]. Filtering paranete supplier 20[err] generates

paranmeters FLT-Q FLT-fc, and address FLT-ad, which are used I n

filtering, fromtone color infornmation A and the address

" In sampling clock 0-3, selector 54 selects input
terminal A. The data supplied to this input terminal A
correspond to coefficient K3z in Fig. 4, and in sampling clock
0-3, these data are parameter FLT-Q, which 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 L; is supplied to input terminal C of
selector 51 through the medium of delay element 3D and
amplifiers OP, in order. That is to say, multiplication
result I is amplified by +6 dB dﬁring sampling clock 0-7 and

is supplied to input terminal C of selector S51.

[2] Calculation of Addition Result Ls
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



signals; it then nodifies these paraneters and address so 'HﬁsSheJtHashfeenRe lace

synchronous wi th key-on signal KON and supplies these
(see Fig. 1). Paranmeter FLT-Q indicates t he resonance va jﬂ] ,
filter, parameter FLf-fc indicates tHe cut-of f f requency

and furthernore, address FLT-ad i ndicates the address srgnal necessary in

t he filtering operation. . Ref erence nuneral 22[err] indicates a
filtering do %& fudilgagdexe§3ry. ATRpsdipadyy theepdfiitioneresudt ukality of

control
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(c-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



"programs Pl[err], Pl[err], ..., which execute filtering Gﬁﬁsmﬁﬂﬂwpﬁmg&ﬂﬂid

Pi[.err], PlI[err], ..., conduct the tinme sharing control
of various selectors and the readout anpd witing of varlo l ﬂ
conputing part 5. Readout , control circ¢uit 21[err] reads,

prograns corresponding to address signals out of filter selector

The address signals generated by reverberation selector 9 are supplled to

rever ber at iy neansmie fnldy gddeay 570ings@mpling 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 K; in Fig. 4, and are parémeter
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'




-_—

readout control circuit 212. The reverber ati-NgrhR&kAMEL .S %Ppller 20[ err]
gener at.es the reverberation paraneters REV- COEF|(IF eds wel | as
t he address REV-ad, fromthe address i gnal.s, i f s data, and
tone color i nformat ion A, and suppli éz* t hese pH ¢ m address to
conmputing part .
REPLACEMENT SHEET
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 Dz, 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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10 5. Paranmeter REV- COEF expresses a reverberating operation—
coefficient, while paraneter REV-VOL expresseghi %etﬁiaZﬁeeﬂi{eplatcpﬁ

reverberating output. Address REV-ad indicates ghal necessary
in the reverberating operation. Feferenc " Uﬂﬂlﬁﬂ
reverberating control signal nmenory. This ne

ndi cates a
control prograns P2[err], P2[err],

a plurality of
., which execute reverberation. The

[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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control programs 22[err], P2[err], ..., conduCﬂmﬁh&nﬁh@Eaﬁ@ ed contro

the selection of the various selectors and the Ftlng of
various registers in conputing part Readout mq it 21[err]
reads out, in order, control prograﬁﬁscorrespo ss signals

supplied by reverberation selector 9. Accordingly, conputlng part 5

oper ates based on the control prograns read out by neans of the above
readout cont r ol I SAMRYND GIQGK Zn?y BEtdr H(t-1) of register Rz are

read out again from filterlng 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, deta 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 to 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
output terminal FILT-OUT in sampling clock 2-5 through the
medium of delay element D4y. As a result, in.sémpling clock
2-6, this isosupplied 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 es
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.

of
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(3) Conposition of Conputing Part 5 Ne X trpis e&@hg ence to Fig. 3,

the conposition of conputing part 5 will be e ng part 5
executes filtering with respect to nusjcal ton are supplied
to input termnal FILT-IN, and applies36reverb mnth respect

to musical tone signals which are supplied to |nput tern1na| REV- | N.
Conmputing part 5 is conprising selectors 51-54, filtering register 55,
" 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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reverberating register 56, full adder 57, and nulti pl i er Sthis Sheet Has B8n Replaced

stated above, the selecting control of selectors 51- 54 an;mu!'ﬁﬂw]ﬂm
readout/write control of filtering register 55 and reverbe Hiﬂt .
56 is conducted by neans of operating 3§|gnal generator 10.
used at the tine of
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
T 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
executes 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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readout and witing in filtering register 55 and rever beratShegHis®@tSHtcBlhacead

are designated by neans of address FLT-ad supplied from rﬁmlmﬂm’ml“l

paranmeter supplier 20[err], and by address REV-ad supplie
reverberating paraneters supplier 20[%§r]. Ref erences D e

I ndi cate del ay el enents which delay input of signals for a period
corresponding to 1

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,

1 THIS SHEET HAS BEEN
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sanpling clock and then output these signals; reference 3

. l,hdi cates a
del ay el enent having a delay period corresponding to 3°s B L Replaced
What is neant by "1 sanpling clock™ here is a period corr II .
1/ 256 of the sanpling period T of th@ﬂdigital nmusi cal i nst
will be explained in detail hereinbel ow). The nusi cal tone signa
supplied to input termnal FILT- INis supplied to input termnal B of
sel ect or 5Zzoefifdcigntplfis 45 supplied 60 nsltaplierdS8oinnpamplingi obhdck\ of
full -

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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term nal FILT-OUT thorough the ﬁEdIUﬁ]2 del ay el ement D2,

to di.gital/anal og converter 14 (see Fi 1) through the ned

termnal REV- QUT. Furthernore, the output of full adder 57 is supplled to
the input termnal A of selector 51, is supplied to the input term nal

of selector 52, is supplied to the input term nal

adder 57 through the nedi um of delay element Derr]. The outpu u kmhwd
adder 57 is supplied to envel ope generator 11 (see Fig. 1) mﬁm ﬁE

[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.

'3 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 of 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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D of selector 52 through the nmedi um of del ay el enent E{err}msgéﬂjﬁyggﬁk%gqﬁ
$

to input termnal B of selector 53, is supplied to the dat
of filtering register 55 through the nedium of delay el emealnﬂﬁu llﬁlﬂﬁﬁﬁ
supplied to the data input terminal ¥l reverberating regis

t he medium of delay elenent Derr].

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 ﬁo multiplier 58, and a
multiplication result L16, wherein Lig = K7 * E4, is

calculated. This multiplication result L3g is supplied



e e

12 The above-descri bed paraneters FLT-Q FLT-fc, asB@gﬂe
REV-VOL- are inputted into the input termnals A, B, C,  and

respectively, of selector 54. The outpyt of selector 54 ISJ”!" ,"HH"”’“"I
mul tiplier 58 through the nmedi um of dﬁ el ement Derr]

mul tiplication coefficient. The out put of
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,

N delay element D¢ is connected to tﬁe output of selector 51,
so that the multiplication resﬁlt 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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Selector 53 is inputted into multiplier 58, and tig sedetipidiBedire 1§c%| ect or

that is to say, the above-descri bed nultlpllcatlo
mul tiplied thereby. The output of nulygiplier 58 i mjm mlm sarrpl i ng
clocks in delay elenent 3D, and is then supplied nal B of
selector 51, and is supplied to input termnal C of the sane selector

St e Dot g TRl s AT LS oK 4n m4g o QU S aR5hE O

Furthernnrgh @ggédgerthese 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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Subtractor control signal.SUB having a value of 0 or 1 is'js js Sheet.Has Bee aced:
ot her input term nal of exclusive-OR gate 59 from operating E
generator 10. This adder-subtractor cpnptrol signal SUB inclu '

control signals outputted fromthe above descri bed readout control
circuits 21[err] and 21[err]. Excl usi ve-OR gate 59 outputs the
excl usi ve-or value of the output of selector 51 and adder-subtractor

control si ghbffespmegHelthithe alfoveridesordbest epeRtdRge W9 tSs 7Suppri ed to
' 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,

y 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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inputted into full adder 57 though thegg medium of delay ele

input terminal B of full adder 57 through the medium of delTi Sk i
Dierr].- A 1l-bit signal within adder-subtractor control :sig :“|u“.'l

a carry signal (carrying-over signal). By neans of this, fu adder 57
adds the signals supplied to input termnal A and input termnal B and

oUtpULS thichorakiGy WATE 58SN R! a0teddde! -BUBLEEE! ShefeRbighe Skynal SUB
' 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
ﬁnit 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

REPLACED
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1_3' value of 0. On the other hand, when eacThisshbet His B lacedsubtl‘aCtOI‘
control -signal SUB has a value of 1, the sign anut term na
B is subtracted fromthe signal suppljgd to A, and the
result. is outputted. - The above-éigscri b[u m[mm umm and right-
signal are :
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

THIS SHEET HAS BEEN |
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sel ector 53 through the nmedium of delay el eme data read out
of reverberating register 56 are supplied to input termnal D of selector
53 through the nedium of delay elenment Derr]. ' The addresses FLT-ad
and REV- ad acgerdancedwishe the timetable shown in Fig. 12. The points

of difference between this timetable and the timetables shown

supplied to input termnal A of selector 53 thy. ” h di um of I nput
term nal REV-IN. Next, the data read out of . ??@ gﬂi B °gf]55 are
supplied to input termnal A of sel ecqt70r 52 ad ﬂhm ” al C of

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
5;3 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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addresses used-at the tinme of readout/writi ngnusfﬂh&tﬂumaéd@glaceao fil tering
regi ster 55 and reverberating register 56 fro ameters
supplier 20[err] and reverberating paqrg’;lnetergumaHlﬂH ﬂﬁ which are
shown in Fig. 2. The conputing part 5 ha conposition

functions as a "digital fllter" and a "reverberation effecting circuit" in
a tine-shared n e That to say, the conputing_part execut es

filtering V@4 QQPQ °ﬁh§#ﬁ§PrFBﬁer§ ﬁ&F§ 8 'tﬁﬁgsﬁ EnIfRg s
supplled by, téyhriting 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.

THIS SHEET HAS BEEN
REPLACED




generator 4, and sinultaneously, applies predetermned reverberation wth
respect to the output signals of panning circuit 13. (4). Conposition of
the Digital Filter Next, the coqapsition of the "digital filter",
which is forned in a tine-shared manner in conputing part 5, wll be

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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14 explalne to Fig. 4. In FQ:
S[err]-S[err] m ll j nd ref erences MMbﬁeM Eﬁl nd| cate
eru

mul tipliers hav I cat I*on coef%PC|ents K[ q’cai
Furthernore, references R err] and R e |nd|cat I 'WI I"” have

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

N 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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del ay period mmm! “M“tl the sanpling period T of heet Has e'eDaReplaccd
musi cal |nst ys Rlerr] and Rlerr] are IH mllm
ar

of addressing to fllterlng regi ster 5%3in conmputing p

expl ained in detail herelnbelomb First, the input signal x(t)

i ndicates a nunber o, 1, 2, ..., correspondlng to each sanpllng perlod) of
t he dlgltal .S ad the pultiplicati requt L .

nul tiplier qﬁﬁ? aFﬁ°§H& rgngFTStéﬁﬁ fﬁr?ﬁﬁ? Y&FQuéﬂ on result

L{err] 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

I THIS SHEET HAS BEEN
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addi tion, result L3 of adder S[err] is nultipl

coef fi ci ent ‘Klerr] in nultlbller h{errgg and the nultlpllcatl

thereof is supplied to the subtraction ihput termnal (-) in

The addition result L[err] of adder S[err] is nultlplled by coeff|C|ent

Klerr] in nultl I|er I dthe nmulti Ilcatlon r ult L .l her eof
is supplledm?%n e N u?aléeﬁf##1 Qﬂﬁﬂﬂéiﬁ F?v? FF d2€o t he
addi tion inpul peters are synchronized with a key-on s1gna1 designating

"t"hereof i mﬂﬂﬂg’mﬁ‘““m‘l‘a result of delay Rerr] in ad&bﬁsﬁ’eﬁmbeeanﬂaccdl.

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
g 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

[ TFiS SHEET HAS BEEN
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Lo el o) gt fder Stert] and o the input termnal of on”HlﬁllﬂMﬂmlH HIJH! llll
result L7 of adder S[err] is .outputtes as output signal X(t)?

filtering has been applied by neans of the digital filter, and |s returned
to the other input termnal of adder S err] and to the other I nput

termnal obeadddl Jofinh-bbRedleihg HRLLY™SY) JebAd Bhbpbiting said

effect 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 corresponding to said second effect, and for
directing addition operation or subtraction operation of said

"y 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 meane.

a first parameter,.expressiné contents of said first
effect, and a second parameter, expressing contents of said
effect, are supp;ied to said seeond 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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in the digital filter having this conposi-tlISShee @*QIT uﬁﬂ "! IH “""
adder S[err] is y(t), the delay results of: I f and

expressed as y(t-1) and X(t-1), and fgqthe ssi bl'e to express _
the various output data in the follow ng manner. '

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, 222) 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,




b T

o o _ !
((1% ?_/;,”FI.PHCGIIOI‘] result L[err] of rruI(tEagli![ ;a(r)nlv[l)err] = ““l“l)|m3““][|"mmll'

result L2 of adder S[err] = Llerr]+ X&) .
(Equation 2) (3) Addltlon resul t L[err] of adder S[err] = L[err] ¥

X(t-1)

. 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 s_upplied 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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ZEquaLLon 3) (4) NUItipIication result L[err] of multiplier N[err]

= Klerr] L[ err] _ This SheetHas Been Replaced
(Equati on 4) (5) Addition ressét L[err] of adder S[er1 “w ”‘H“
y(t-1) - L[err]

(Equati on 5) (6) Multiplication result L[err] of mul I er err|

= Klerr] . y(t) ABSTRACT OF THE DISCLOSURE

A designating mechanism generates filtering designation
data, which designate the contents of-filtering,
reverberating designation data, which designate the contents
of reverberation, and characteristics data, which express the
combined contents of filtering and reverberation. A |
parameters genefating mechanism generates filtering
barameters expressing filtering charactefistics, and'
generates reverberating parameters expressing reverberation
characteristics. A readout device reads out a first
operating algorithm, which designates filtering designation
‘data, and a second operating algorithm, which designates
reverberating designdtion data, from a memory mechanism
wherein a plurality of operating élgorithms are stored. A
computing mechanism creates a digital filter having
characteristics corresponding to filtering parameters, based
on the first operating algorithm, Creates an operating unit
having reverberation characteristics corresponding to
reverberating parameters, based on the second operating
algorithm, operates this digitél filter and this operating
unit in a time shared manner, and processes filtering and

- reverberation in parallel.
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(7)

(Equati on 6)
Llerr] + X(t-1)

X(t)

Slerr]

'of adder
(5) Conposition of the Reverberation Effecting Grcuit

K[ er r] L[err]
Addition result L[err]
(Equation 7)
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reverbérating tone generator 61. This initial reflecting tone generator
forms an initial reflecting tone which indicates the first, hn&SmﬁnﬁﬁBaanmmui

the‘reverberation characteristics which are to be S|nulated
reverberating tone generator 61 forns a final reverberating
I ndi cates the second half portion of the reverberation charac

whi ch continue after the initial reflecting tone, which are to be

si mul at ed. ' In Fig. 5, references KJerr]-KCerr] indicate multipliers
whi ch _
[
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mul ti pky inputted signals by coefficients CJerr]-Clerr], respectively, and
out put these values. References T[err]-T[err] indicate addemssﬂaet(mswha

addiition results T err]-T[err], respectively. Furthernore,
DMerr]-DMerr] indicate delays which del ay i nputted si gnal s mﬂﬂﬂmﬁﬂll
predeterm ned delay tinme before outputting these signals.

DMerr]-DMerr] are conprising a single type of shift regi ster _
respectively, ‘and shift the witten data in order in each sarrpl i ng period
T.

it-1)

<
9
=




Accord| ngly, in delay DMerr], addition result TCr is wri=t'ten |nto address

Aferr] and after a predeterm ned delay period has apse d BeernReplaced
in addresses Alerr]-Alerr], and thereby delay data DC[err]
a predeterm ned delay tine wth respect to addition result T

generated. In the sane way, in delays DI\/[err and DM err], the ad Ition
results T err] and TC6 are \Mi-l ten |n|L dresses Alerr] and Alerr]

respectively, and a
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17 -af~ter a predeterm ned del ay period has el apsed these are read in
addresses Alerr]-Alerr] and addresses Ale zﬁh[ith a§ Been Replaced:

r]-
possi ble to generate delay data D(err] - DC[err] and deI ay da
DCerr]-DCferr], which have a predeterm ned del ay period; Wlt

DCi2 DCs¢ DCiDCi?
KCie| KC22 Ci7lKC20 |KCisl KC21
Crr |C20 Cis | Ca
-TCs TCs

FIG.6
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respect to addition results TC[err] and TCerr]. A detailed description
t.hereof will be given hereinbel ow The reverberati on- eftisc3bédt B8 Been Replaced
circuit showmn in Fig. 5 can be divided into the operating un

shown in Fig. 6. The operations of these operating unitsi70- H!'wmum"”mm
executed wthin a sanpling period T, and thereby, it is poss

conduct reverberation effectin The addition results T err]-T([err]

in operating units 72En6 areéénporaﬁ?,y stofsl in reverberating register
56 (see Fig. Y Y Y

X

OPERATING UNIT A

WKIO Ki

Lai L22
>F2 > >F3

L23
OPERATH\( UNIT B
FIG.8
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5); and addition results TC([err]-TC[err] are stored in the—same—reghster—
in order to generate delay data. Furthernore, in operatlnﬁ1 t 70-72,
when the input consists of "X', this indicates that nothln laced
however, a nultiplication coefficient "0" is supplied so t L
of the corresponding nmultiplier becones "0". These ope at|

B,

can be further divided into either operating units A or operatlng unlts
which will be described next.

Och ]

T . -
teh | T [
2ch R
FILTERING
30ch [~ " 3 ]
31ch [~ 777 l )
COMPUTING UNIT 70 —— | R
(COMPUTING UNIT A) & | N
COMPUTING UNIT 71| —T— -
(COMPUTING UNIT A) . -
COMPUTING UNIT 72 T 1]
(COMPUTING UNIT A)
REVERBERATION :
EFFECTING. ¢
] 1 |
1] I T ]
BLOCK :
CONTROL PROGRAM [ 0111 71 31 4 - 307 31
. .

SAMPLING PERIOD T

FIG.9
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Fig. 7-is a block diagram show ng the conbosition of an opm

thi's corresponds to operating units 70-74 in Fig. 6. In thelﬁ@ﬁfee{iﬁs o Replaced.
&@epace

i

Fig: 8 is a block diagram show ng the conposition of an oper
this corresponds to operating units 75 and 76 in Fig. 6. By mma,,

these operating units Aa'le"E Torger Tt berating eff
circuit shown in Fig. 5 canjbel dauilvalenf!y fcrmd
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Next.,. the conposition of the operating unit A which corresponds to
operating units 70-74 wll be explained. As shown in Fig. 7, input data
E[err] is multiplied by '

0 z
an)
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rrultlpllcatlon coefficient K4 by means of rrultlpller Merr] and the
_mJItlpllcatlon result L[err] thereof is supplied to one input termnal of
adder S[err]. Furthernore, input data E2 is multiplied by coefficient
Klerr] in multiplier Merr] and the nultiplication result L[err] thereof

I's supplied to the ot hes ottt Trdmr S[err]. Furthernore, in
adder Sferr], rmltlpllcctll\'(n espltls Ulefr]]a L[err] are added, and the
addition result L13 ther | § s.npdlled ﬁlo bnef | nput term nal of adder
Slerr]. Input data Eferr] 4 plied by chef igent Klerr] in
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muttiptier Merr], and the multiplication result L[err] is supplied to the
ot her input fermnal of adder Slerr]. In adder S[err], addition result L13
and nmultiplication result L[err] are added, and the addition result L[err]
thereof is supplied to one input termnal of adder S7. Input data Eferr]

are mulgtiplied by coefdiegat i pultiplier Merr], and the
mul tipfication result L[dT*r] i he eo“ ils qupplipd to the other input
term nal of adder S[err].mln adgt Ty o, br S[err], addition result
Lferr] and _ g
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mul tiplication result L[err] are added, _ o laceldon r ENT]SHEET
thereof is outputted as output data F imujﬂ“ﬂ%ﬂ[m [<o say

E[err]-E[err] are nultiplied by coeffi [ . [err]f, qpsppg? ¥@Zy,
innultipliers Merr]-Merr], and the sum of the mul tiplijcgtion reéSu

thereof is outputted as output data F[err] The varji ous—data—ef—t-he
operating unit.A shown in Fig. 7 corr&Spond to differingjdata in the

oper at i ng, Hiad b3y 705 dfar, SHMEdSTNE BedhrARis BT fD e BRI RONTERTE T

operating
MUSICAL INSTRUMENTS

Field of the Invention

The present invention relates to a digital signal
processing 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

Conventional examples of this type of digital signal
‘processing apparatue include( for example, the effector
disclosed in Japanese Patent Publicafion No.-Hei 1-19593.
This.effector comprises a plurelity of operators such as
hultipliers anc adders. This epéaratus applies reverberation
and modulation effecte such as_chorus, flanger, and the_like,
with respect to a digital musical tone signal which is
‘generated. In this type of apparatﬁs, during; for example,
one sampling period, after modulation effects have been
applied, reverberaﬁion is applied. Thet is to say, in this
type of apparatus, ;n the cese in which a plura;ity of
effects are applied to a'digitel musical tone signai, the
processing for applying the various neffects" is conducted in
order and consecutively. |

Accordingly, in such a cocventional effector, while
processing for the application-of a given "effect" ie‘being
conducted, it is not possible to conduct processing fc; the

application of a second "effect". As a result, the wéiting
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'period of the operators bécomes'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 accordihgly an object of the present invention to
provide a digital signal processing apparatusicaéable of
increasing the'efficiency of use of the operators, and
capable of conducting high speed processing even in éases in
which a plurality of effects are to be applied. |

Accordingly, the present invention is a digital sighal
processing apparatus for conducting filtering and applying
reverberation with respect to a generated musical tone
signal, and is ﬁrovided with: -

a designating mechanism for generating filtering
designation data, which desigp&te the contents of tﬁe above
filtering, reverberating designation déta, which desighate
rhe contents of the above reverberatibn, and characteristics
data, ﬁhiéh express the combined contents of the above
filtering and the above reverberation,

a parameters generating mechanism for generating
filtering parameters which express filtering.characteristicr
in accordance with the above filﬁering designation data, and
for generating reverberating parameters expressing
reverberation characteristics in accordance with the above
reverberating designation daté and the above charactéristics_

data,
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and E[err] correspond to addition
furthernore, input data E[err] correspon
nothing is inputted). Addition results TC[err] and T err]

This Sheet 1 '
That is to say, input data EL correspond -4 asf‘im eplaceg) gnl BEP

ENT SHEET
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rr]
explal

tenporarily stored in reverberating regjster so t hat r=aUUut 'S
conducted at the necessary timng. In addltlon out put daja Flerr]
correspond to the left output, which S outputted tothe d gltaI/anang
converter 14 asdtFeafieyrt mechapism provdded widieeh@mendmn meshasdsm appl i ed.

characteristics, and reverberating parameters 1ndicatin

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

a computing mechanism which possesses a plurality of
adding mechanisms, multiplying mechanisms, and delaying
mechanisms, formsfa digital filter having characteristics in
accordance with the above filtering parameters and comprising.
a combination of the above plurality of addiog mechanism,
multiplying mechanisms, and delaying mechanisms based on the
above first operating algorithm, forms an operating unir
having reverberation characteristios in accordance with the
above reverberating parameters,_end 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 filﬁering deeigoation_
data, which designate the conteots 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 reverberation. The parameters generating mechanism

.generates filtering parameters indicating filtering
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In the same manner, the varlgﬁms cf Has Been A i onal unit Plﬁﬁﬂﬂgﬂi §HEET
the foll owi ng manner in operatﬂ Llﬂlﬂv””l _‘(Ij'hat :E[S to] S j .E[' ] e
E[err] .correspond to the right t data Eferr n err
correspond to the addition results TC2 and TC4, and furthérmoQss FEHUEI7

ey

data E[err] correspond to "X'. In ad 'tjon,'output data F[err] correspond
to the right output, and are supplied to the digital/anal pg converter (see
Fig. |). Furthernore, the various data in operating unit A

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
mechaﬁism, in which a plurality of operating algorithms are
stored. The computing mechanism forms a digital filter
having characteristics in accordance with the.filtering
parameters, based oﬁ the firét.operating 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 filter and'
operating unit, and conducts parallel processing of filtering
and reverberatiqn.

Accordingly, as the digital filter which conducts the
filtering of a musical tone signal, and the operating unit
which applies reverberation tO'fhe musical tone signal, are
operated in parallel, the éfficiehcy of use of the operators
can be increased, and processing can be accomplished rapidly,
even in the case in which a plurality of effects are to be

applied.

Brief Description of the Drawings

Fig. 1 is a block diag:am showing the composition of a
digital musical instrument in accordance with a preferred
embodiment of the present invention.

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

embodiment.
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say, the input data E[ferr] in A correspond it he left .
signal and to the delay data , respectively, Fthmg
correspon o]

units-72-74, input data E[err] the right sign I and 0 del ay
data DCerr] and DC[err], respectivelyg input data E[err] espont—tT
"X, and to delay data DC[err] and DC[err] respectively, nd furthernore,

[ t data E X', and to,del ay data DC'erTi and
bgFgrr]? aregggg%lvgo respBEVCEa?éaﬁifﬁr?T°E%¥%r?¥ a?%mP%%HtB%% ehd

supplied R¥mputing 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
coﬁputing part 5.

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

Fig. 6 is a block diagram showing the composition of
the reverberation effecting circuit shown in Fig. 5, ﬁhen
this is divided into operating units. |

Fig. 7 is a block diagram showing the composition of the
operating unit shown in Fig. 6.1 |

Fig. 8 is a diagram -showing a timetablé of the filtering.
and reverberation effecting process which is executed fort
each tone generation channel Oéh;31ch within a sampling
period T. | ‘ |

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

Fig. 10 is antimetable showing the control contents of
operating unit A. |

\and 12)

Fig. 11¥is a timetable showing the control contents of

operéting unit B.
Detailed Description 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 explaiﬁed

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 circuit. This keyboard circuit 1 generates key—-on

 signals KON, key codes KC, and key-off signals KOFF, and the

like, in accordance with the operétion of the keyboard by a
performer. Reference numeral 2 indicates a tone gene:ation
assignment circuit, which assigns the musical tone signal

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.
Reférence numeral 3 indicates a tone color parameters
supplier, which supplies tone color parameters related to

musical tones to be generated. This tone color parameters

- supplier 3 generates, for example, tone color codes NTC

indicating tone color (a piano tone, organ tone, violin tone,
or the like) from tone color information 2, 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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output data F[err] in operati n'guwhbdtHﬂsR;grReebEénd to additio REPLAEEWENT SHEET

T err], T err], and T err] %Mﬂ wu mn operating unit 72- 717,
and these are witten into pred sses in revegb t

regi ster 56. Next, the c sition of operating unit wﬁ E('hr"r'sj'-:.B 199
corresponds to the operatlng units 75 apd 76, will be expla-nw As

shown in Fig. 8, input data E[err] is nultiplied by coefficfent Klerr] in

mul tiplier N[err] and the nultiplication result
- eference numeral 4 indicates a tone generator. Tone

generator 4 is provided with 32 tone generation channels 0-
31ch, and generates digital musical tone signals with respect
to each tone generation channel by means of time shared
operating. Reference numeral 5 indicates a computing part;
"this conducts filtering with respect to musical tone éignals
sﬁpplied by tone generator 4, and conducts_reverberation with
respect to tﬁe output'signéls of a panning circuit 13, to be
explained hereinbelow, in parallel and in a time-shared
manner. This computing part 5-will be explained in deta;l
hereinbelow. | .

Reference numeral-s indicates an operation panel
comprisin§ a plurality of operating ﬁembers; it generates
setting information in accordance with setting operations
.Applied to these operating members; and supplies this setting
information to setting part 7. In operation panel 6, varioué
switches with are not indicated iﬁ the diagram are prowvided;
for example, tone colbr sélecting switches, and vaiious
‘switches for setting filtering characteristics or
reverberation effecting. Setting part 7 transforms the
setting information by meéns of the tone color information A
indicatiﬁg tone color numhers,:and outputs tﬁis.

Furthermore, setting part 7 creates characte¥istics_data in
accordance with the combined contents of the filtéring-
characteristics and the reverberation, and supplies these

- data to operating signal éenqratqr 10.

Filter selector 8 create§ address signals which are
necessary for the readout of the control program which

executes filtering, based on tone color information A from
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Furthernore, input data Eferr] are mu
multiplier Merr], and the result the
term nal

L[err] thereof is supplied to one i%ﬁmﬁﬁiﬂﬁﬁﬁiﬁdda S| REPLACEMENT SHEET

results L[err] and L[err] are added, d the addition resullt Ufe+H

efficienyf KIerr] 1n

ed to thd 83r$gﬁtgpmg7

of adder S[err]. Then, in adder S[err], the nmultigl

- - 1
thereof is outputted as output data F[érr]. Input data FEferfr] and Eerr]
are multiplied by coefficients Klerr] and Klerr] in multiplrerss™Merri—and

Merr],

'setiRdayg paly, 7andnlustppliesethese address signals to
operating signal geherator 10. Reverberation selector 9.
creates address signals whiéh are necessary for the readout
of the control program which executes reverberation
effecting, based on tone color information A £rom setting
part 7, and supplies these address signalslto operating
signal generator 10. Operating signal generator 10
designates the operations of the above described computing
part 5; the composition thereof will be explained '
hereinbelow. |

Next, the musical tone signéls of the 32 channels, the
filtering of each of which is conducted in computing part 5,

are .severally supﬁlied to envelope generator 11l. Envelope

' generator 11 generates an envelopé waveform, multiplies this

by an inputted musical tone signal, énd outputs the result.
The musical tone signals having envelope waveforms épplied
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 sppplies these to computing part 5. |
Reverberation effecté are appliéd to the left signal and the

right signal in computing part 5, and these signals are

converted to énalog 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 différing speakers 15.

(2) Composition of Operating Generator 10
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the addition result L23 thereof is out
The input data E[err]-E[err] in operat

75, which is shown in Fig. 6. In operatgng unit 76, these

ut dat g
respond tlo

DC[err], Dl err], and DC[err], respectively, in dpqgr

o

mul tiplication results L[err] and L[er heﬁﬁlﬁiB R ||n adder REP;EAGEMENTdSHEET

correspond to del ay data DC[err] DClerr], Dderr], and DC[err],

A o

erence to Fig. 2, the composition of

respectively. |E %S dﬁl y ta are read out of predeternlr } QUUIEbSGS N
rever berati ng t &

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
21;. Filtering paraméters supplier 20; generates the
parameters FLT-Q, FLT-fc, and address FLT-ad, which are used .
in filtering, from tone color informaﬁion A and the address
signals; iﬁ then modifies these parameters and address so as
to be.synchronous with key-on signal KON and supplies these
to computing.bart 5 (see Fig. 1). Parameter FLT-Q indicates
the resonance value of the fiiter, parameter FLT-fc indicates
the cut-off frequency of the filter, and furthermore, address
FLT-ad indicates the address signal necessary in the
filtering operation. _

. Reference numé?al 224 indicate§ a filtering control
signal meﬁory. This memory 223 sfores a plurality of control
programs Ply, Pls, ..., whiéh execute filtering. Control .
prégrams Pl3, Plz, ..., conduct the time sharing contfol of
the selection of varioﬁs 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 signais out of filter selector 8.

The address signais generated by reverberation selector
9 are gupplied to reverberating-parameters supplier 202 and
readout control circuit 21,. The reverberating parameters
supplier 202 generates the reverberation parameters REV-COEF
and REV-VOL,las well as the address REV-ad, from the. address
sigﬁals, characteristics data, and tone color information'A,

and supplies these parameters énd address to computing part

THIS SHEET HAS BEEN
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correspond to addition results TCle , respgctively, in
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5.- Parameter REV-COEF expresses a reverberating operation
coefficient, while parameter REV-VOL expresses the size of
the reverberating output. Address REV-ad indicates an

address signal necessary in the reverberating operation.

Reference numeral 223 indicates a reverberating control
signal memory. This memory 22; stores a plﬂrality-of control
programs P23, P23, ..., which execute reverberation. The
control programs P23y, P23, ..., conduct the time shared
control of the selection of the various selectors and the
readout and writing of various registers in computing part 5.
Readout control cifcuit 212 reads 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 21j.

. (3) Composition of Computing Part 5
ﬁext, with reference to Fig. 3, the composition of
computing part 5 will be explained. Computing part 5
executes filtering with respect to musical toﬁe signals which
are supplied to input termiﬁgl FILT-IN, and applies
reverberation effects with reépect to musical tone éignals
~ which are supplied to input terminal REV-IN. Computing part
S5 is cqmprising 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 control of filtering registér 55 and.
reverberating register 56 is cbnducted by means of operating

signal generator 10. The addresses used at the time of
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operating unit 75. Furthernore, i
correspond to addition results TC ¢
ten into predeternin;d
3/t

these addition results T([err] - T
registers in reverberating register 56. Next, operlatli dh5 BEBt19
of readout/witing of reverberating register 56, and thgq denerating

principle of the various delay data Dg?érr]-DC[err], DClerr]-DCerr], and

D err]-Dd err] by means of del ays err], DMerr], and DMerr] —wll—be
expl ai ned reideutaand wehtiagulie ﬁé#tg%m F?Hh"g@rSé%aWi tten into address

Al err :
[ ] reverberating register 56 are designated by means of address

ml

FLT-ad supplied from reverberating parameter supplier 20;,
and by address REV-ad supplied from reverberating parameters
supplier 202. References Di-Dg indicate delay elements which
delay.input of signals for a period corresponding to 1
sampling clock and then output these signals; reference_3D
;ndicates a delay element having a delay period corresponding
to 3 sampling clocks. What islmeant 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 musical tone signal supplied to input terminal FILT-
IN is supplied to input terminal B of selector 52. The
output of selector.52 is inputted t; input termiﬁal A of fﬁll
adder 57 through the medium of délay.element DP;. The output
of full adder 57 is supplied to envelope generator 11l (see
Fig. 1) from output terminal FILT-OUT thorough the medium of
" delay element Dé, and is supplied to digital/analog converter
14 (see Fig. 1) through the medium of output termihal 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
P of selector 52 through the medium of delay element D3, is
éuppligd'to input terminal B of selector 53, is supplied to
the data input terminal of filtering register 55 through the-
medium of delaylelement D4 and is supplied to the déta input
terminal of reverberating register 56 through the medium of

delay element Dj.
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of delay DMerr]. This indicates that Bk
Fig. 3,({hgs_a val ue

whi ch was designated in reverberating r
of "Alerr]". That is to say, the addit I of oper pt nﬂ&rﬁ&BM?
in Fig. 6 is witten into address Alerr] in reverberating repigter 56. In
the sane way, the addition results Ipiq{n] and T err] of opgrating unit

75 are witten into addresses Alerr] ghd Alerr] in reverber abi=Rg..LLgi st er
56. o !

.

The above-described parameters FLT-Q, FLT-fc, éEV-COEF,
and REV-VOL are inputted into £he 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 delgy
element Dg as a multiplication coefficient. 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
qutput of multiplier 58 is delayed by 3 sampling clocks in
delay element 3D, and is then supplied to input terminal B of
selector 51, and is supplied to input terminal 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 signal SUB having a value of 0 or 1 is
supplied to the other input terminal of exclusive-OR gate 59
from operating signal generator 10. This adder-subtractqr
control signél SUB .includes the control signals outputted
.from the above described readogt control circuits 213 and 215.

| Exclusive-OR gate 59 outputé the exclusive-or value of
the output of selector 51 aﬁd adder-subtrac£o£ control signal
SUB. The output of this exciusi&e-OR gate 59 is supplied to
input terminal B of full adder 57 through the medium of delay .
element Dg. A 1-bit signal within adder-subtractor control
'signal SUB is inputted into full adder 57 though the medium
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 outputs this value

when each bit of adder-subtractor contreol signal SUB has a
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Next, the addition result TC[err] whic addr eds Al
read into addresses Alerr]-Alerr] in o mm" |UI[L73 75
Dl err]-DCferr]. At this time, the rel en addre

addresses Alerr]-Alerr] can be expressed in the manner .shown W.
Alerr] = Alerr] + d[err], - 13 - Alerr] = Alerl] m(ﬁEEIB]
Alerr] = Alerr] + d[err]. :

value of 0. On the other hand, when each bit of adder
subtractor.dontrol signal SUE has a value of 1, the sighal
supplied to input terminal B is subtracted from the signal
supplied to input terminal A, and the result is outputted.

The above-described left signal and right signal are
supplied to input terminal A of Selector 53 through the
medium of input terminal REV-IN. Next, the data read out of
filtering register 55 are supplied to input terminal A of

- selector 52 and input terminal C of selé&ctor 53 through the
medium of delay element Dg. The data read out of
reverberating register 56 are supplied to input terminal D of
.selector 53 through the medium of delay element Dg.
| fhe addresses FLT-ad and REV-ad, which indicate
- addresses used at the time of readcut/writing,.are supplied
to filtering register 55 and'reverﬂerating register 56 from
filtering parameters supplier 20; and reverberating
parameters supplier 203, which are shown in Fig. 2.

The computing part 5 having the above composition
functions as a "digital filter" and a "reverberation
effecting circuit" in a time-shared manner. That is to say,
the computing part 5 executes filte;ing~with respect to the
musical tone signals of the 32 channels supplied by tone
generator 4, an& simultaneously, applies predetermined
reverberation with respect to ;he output signals of panning

c;rcuit 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
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explained with reference t°:§3§2nﬂ- In Fig. 4, refgfences
S1~S4 indicate adders, and referenceé 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 Ry and Rz are
realizéd by means of addressing to filtering register 55 in

computing part 5 (this will be explained in detail

~
3 &

hereinbelow) . _
First, the input signal x(ti-{t indicates a number O, 1(
2, ..., corresponding to each sampling period) of the digital
filter is added to the'multiﬁlicétion result L; of multiplier
M3 in adder S3;, and furthermore, the addition result L:
thereof is édded to the delay result of delay R; in adder Sj.
In addition; the addition result Lz of adder Sz is multiplied
by coefficient K; in multiplief M;, and the multiplication
result L; thereof is supplied to the subtraction inéut
terminal (-) in adder Sj. The iaddition result Ls of adder S3

is multiplied by coefficient Kz in multiplier.Mg, and the

multiplication result Lg thereof is supplied to one input

terminal of adder S4, and is supplied to the addition input
terminal (+) of adder S3.and to the input terminal of
multiplier M3 through the medium of delay Ri.

In addition, the addition result L; 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 S4 and to the other input

terminal of adder Sz through the medium of delay Rj.
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addition result TC7 witte [err] I's noved to : EE NT SHEET

(A[err]+1) after one sanpl ccordingly, the delja}:

whi ch were read out of address A[err] (= Alerr] + d[err]) r data g% %@7

delay addition result TC7 by a period of tinme equivalent tojd e

(sampling period T). Furthernore, delay data DJerr]- D ery] are data

whi ch delay the addition results TC[err] by a period equivalent to

(d[err], d[err], ..., d[err]) x (sanpling period
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 =

K3 » y(t-1) ... ; ' (Equation 1)

'{2) Addition result Lz of adder S; = L; + X(t) ...

(Equation: 2)

(3) addition result L3 of adder Sz = L + X(t-1) ...

(Equation 3)

(4) Multiplication result L4 of multiplier Mj; = K; * L3

..; . ' : (Equation 4)

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

cee ' _ ' (Equation 5)

(6) Mhltiplication result Lg of multiplier Mz = Ky * y(t)

=Kz ¢« Ls ... (Equation 6)

(7) Addition result L7 of adder S4 = X(t) = Lg + X(t-1)

een | (Equation 7)

(S) Composition of the Reverberation Effecting Circuit
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pseudo-shift register,
In such a case, a counter

of this count is added to the addresses Alerr]-Alerr]. By ans of this,

, respectively. The deisaydeﬂ@spédnmﬁlwee of del ays DI\/[errl] BEHLAngJ] SHEH
identical to that of DIV[e lmM ve_rberating regi ster{5¢ may be a

of the addressing o gngl FERNG97

i ch reduces the fina dress val ue
reverberating register 56 by "1" ea _sanpling period, #&n

even if |t appears t hat

ext, the composition of the reverberation effecting
circuit which is formed in a time-shared manner in computing
part S5 will be explained with reference to Fig. 5. 1In the
drawing, the reverberation effecting circuit is comprising
generally initial reflecting tone generator 60 and
reverberating tone generator 61. This initial reflecting
to;e generator 60.forms an initial reflecting tone which
indicates the first half portion of the reverberation
characteristics which are to be simulated. 'Iﬁ 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;-KCy4 indicate multipliers which

multiply inputted signals by coefficients C3-Ca4,
respectively, and output these values. References T1-T7
indicate adders which output addition results TC;-T9,
respectively. Furthermore, references DM;-DM3 indicate delays
which delay ihputted signals'by a predetermined delay time
before outputting these signals. Deleys DM;-DM3 are
comprising a single type of shife register, respectively, and
shift the writteq data in or&erlin each sampliﬁg period.T.

Accordingly, in delay DMj, addition result TC7 is
written into address A3, and after a predetermined delay
period has elapsed, this is read in addresses'Ag—Alo, and.
thereby delay data DC3-DCjg9 having a predetermined delay time
with respect to addition result TC7 can be generated“. In the
same way, in delays DMz and DM3, the addition results TCs and

TC¢ are written into addresses A; and Az respectively, and.
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writing/readout is being cond e address, the
I's noved in each sanpling peri mn ““M“\ he other hand, th
results T err], T(err], TC rr] of operating
and 76 (see Fig. 6) aré witten into reverberating register

' 5keh ee

s REV- ad

pur pose of tenporary storage. Here, t address given to addrles
I's, respectively, Alerr], Aerr], A[err? and Alerr]. After th
results T err]-TC err] have been witten into addresses Alerr

addi tion
ArPrr'I : e

respecti velffer & predeserhinetiodetag¢ pakriblichasanelapsed; othese are

read in addresses Ajz-Aj;4 and addresses A3g-Rig, and thereby,

it is possible to generate delay data DC;2-DCi4 and delay data

DC3¢-DCi13, which have a predetermined delay period with
respect to éddition results TCs and TCg. A detailed
description thereof will be giﬁen hereinbelow.

' The reverberation effegting circuit éhown in Fig.

be divided into the operating units 70-76 shown in Fig.

S can

6.

The operations of these opera;ing units 70-76 are executed

within a sampling period T, and thereby, it is possible

conduct reverberation effecting.

to

The addition results TC;-TC4 in operating units 72-76

are temporarily stored in reverberating register 56 (see Fig.

5); and addition results TCs-TC7 are stored in the same

register in order to generate delay data. Furthermore,

in

operating units 70~-72, when the input consists of "X", this

indicates that nothing is inputted; however, a multiplication

coefficient "0" is supplied so that the output of the

corresponding multiplier 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
- corresponds to operating units 75 and 76 in Fig. 6. By
operating-theée operating units A and B in order, the
revérberating effecting circuit shown in Fig. 5 can be

equivalently formed.

: ‘“"{IS
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" Next, the composition of the operating upit A which
corresponds to operating units 70-74 will be explained. As
shown in ?ig. 7, input data E; is multiplied by
multiplication coefficient K4 by means of multiplier My and
the multiplication result Lj;j; thereof is supplied to one input
terminal of adder Ss. Furthermore, input data Ez is

- multiplied by coefficient Ks in multiplier Ms and the.
multiplicatioh result Lj2 thereof is supplied to the other
input terminal of adder Ss. Furthermore, in adder Ss,
multiplication results Lj;; and Ljz are added, and the addition
result L33 thereof is supplied to one input terminal of adder
Sg. Input data E3 is multiplied by coefficient K¢ in
multiplier Mg, and the multiplication result Lj4 is supplied
to the other input terminal of adder S¢. In adder Sg,
addition result Li3 and multiplication result Li4 are added,

" and the addition result Iss thereof is supplied to one input
terminal of adder S;. Input daga E4 are multiplied by
coéfficient K7 in multiplier M7, and the multiplication result
Lig thereof is supplied tqlthe other'input terminal of adder
'S7. 1In addition, in adder S, addition result Ljs and
multiplication result Ljig are added, and the addition result
Li7 thereof is outputted as éﬁtpﬁt data Fi;. That is to say,

| input data E3-E4 are multiplied by coefficients K4-Kz,
respectively, in multipliers My-M7, and the sum of the
multiplication results thereof is outputted és'butput dat;

Fi1.

_The various daté of the opérating 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 operatlng

-
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obstacle in the case of reverberation. Filtering regijster 55 |
conprises a shift register or a pseudggshift register forjred by neans of
RAM and the |

unit A correspond in the following manner in opé;ating unit
70. |

That is to say, input data E; correspond to the left
signal, input data Ez and E3 correspond to addition results
TCy; and Tcs, and furthermore, input data E4 correspond to "X"
(as explained above, nothing is inputted). Addition resuits
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 ocutputted to the digital/analog converter 14 as the left
signal, to which reverberation has been applied.

In the same manner, the various data in operational unit
A correspond in the following manner in operational unit 71.
That is to say, input data E;3 éoriespond to the right éignal,
input data Ez and Ej3 correspond ;o the addition resu;ts TC2
and TC4,'and furthermore, input data E4 correspond to "X". 1In
addition, output data F; coirespond to the fight output, and
are supplied to the digital/;nalog converter (see Fig. 1).

Furthermore, the various data in operating unit A
correspond in the following manner in operating units 72-74.
That is to say, the input data Ej in operating unit A
correspond to the left signal apd'to the delay data DCz and
DC3, respectively, in operating units 72-74, input data Ej;
correspond to the right signal;and';o delay data DCy4 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 DC,-DCg are read out and supplied by

means of the designation of predetermined addresses from

" THIS SHEEET HAS BEEN
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musi cal i nstrunment haV|ng

key on the keyboard is depressed by a perforner keyboardf circuit 1
generates a key-on KON and a key code KC correspondlng t o t he depressed

key,

and supplies

reverberating register 56 (see Fig. 3). Furthermore, the
output data Fj in operating unit A correspond to addition
results TCy, TCi, and TCyz, 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. o |

As shown in Fig. 8, input data Es is multiplied by
coefficienﬁ Kg in multiplier Mg, and the multiplication result
Ljg 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 subplied to the
other input termina} of adder Sg.- Then, in adder Sg, thg
multiplication results Lig énd 119 are added, and the addition
result Lag thgreof is outputtgd as output data Fa. Ihput data
E7 and Eg are multiﬁlied by coefficients Kig and Kiji in
multipliers Mjp and Mp3, respectivély, and furthermore,
multipliéation resﬁlts Lo énd Lz2 are added in adder Sg9, and
the addition result L3 thereof is outputted as output data
F3. | '

The input data Es-Eg in_ope;ating unit B correspond to
delay data DCjg, DCi14, DCig, and DCjg, respectively, in
operating unit 75, which is shown in Fig. 6. 1In ope:ating
unit 76, these input data correspoﬂd to delay data DCy2, DCig,
DCy13, and Dclj, respectively. These delay data are.read out
of predetermined addresses in reverberatihg register-56.
Furthermore, the output data F, and F3 in operating unit B

correspond to addition results TCs and TCg, respectively, in’
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time, tone generation assignment cirgyit 2 supplies key- !
code KC with respect to an enpty channel, when such a channel has been

found, so that a nusical tone signal will be generated. On The otrtrer—trand;
in the caepe¥atisg cenity Thpt JFurthermore, in operating unit 76, these

output data cofrespond to addition results TC3 and TCg,

e
=

respectively, and these addition results TC3 - TC¢ are written
into predetermined registers in reverberating register 56.

Next, operations at the time of readout/writing of
reverberating register 56, and the generating principle of
the various delay data DC2-DCiqg, DC32-DC14, and DC1¢-DCig by
means of delays DMi, DMz, and DM3, ﬁill be explained. The
addition result TC7 shown in Fig. 5 is written into addregs a;
of delay DM;. This indicates that the contents of the
éddress REV-ad which was designated in reverberating register
56 in Fig. 3, has a value of "A;". That is to say, the |
addition result TC7 of operating unit 72 in Fig. 6 is writteﬁ
into_addresé A; in reverberating fegister 56. In the same
way, -the addition results TCs and TCg of operating unit 75 are
written into addresses 233 and'Als in reverberating register
56. | |

Next, the addition result TC; which is written in
address A; is read into addresses Az-Aj0 in operﬁting units
73-75 as delay data DCz-DC19. At this time, the relationship
between address Aj; and addresses Az-A;p can be expressed in
the manner shown below.

Az

A3 A; + dz,

« ey

Ajp = A1 + dio.

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 TCy written in address A; is moved to
address (A;+1l) after one sampling period. Accordingly, the
delay data DCz which were read.out of address Az (= A; + dj)
are data which delay addition result TC7 by a period of time
equivalent to dz X (sampling period T). Furthermore, delay
data DC3-DC1g are data which delay the addition results TC; by
a period equivalent to (d3, d4, ..., dig) X (sampling period
T), respectively. The delayifi§ principle of delays DMy 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 p¥esent which reduces the fiﬁal
address value of reverberating reéister 56 by "1“~each
sampling period, and the resul£ of this count is added to the
addresses Aj;-A3;g9. By means of this, even if it appears that
writing/readout is being conducted in the same address, the
actual address is moved in each sampling period.

On the other hand, the addition results TCj;, TCa, TCs,
and TC4 of operating units 73, 74, and 76 (see Fig. 6) are
written into reverberating registerlss for the purpose of
temporary storage. Here, the Address given td address REV-ad
is, respectively,‘Alg, A0, A21, and Azs. After the addition
results TC;-TC4 have been.written into addresses 119~A22,
respectively, it is possible to read out the same addition
resuits without delay if readput.is conducted from the same

addresses Aj9-Azz 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

_'ﬂﬁSSHEEpgéEBEEN
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paraneters Suppter—3

vari ous tone color'paraneters

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 previous sampling period;
however, thié does not present an obstacle in the case of
reverberation.

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

the operations of reverberating register 56.

(6) Outline of Operations

In a digital musical iﬁstrument having the composition
described above, when a key on thé keyboard is depressed by a
performer, keyboard circuit 1 genérates a key-on KON and a -
key code KC -corresponding to the aepressed key, and supplies
this”to-tone.generation assignment circuit 2. Next, tone
generation assignment circuit 2 searches, in order, for empty
channels in tone generator 4 whiéh are capable of tone
generation assignment, that is to say, channels which are in
a tone generation stand-by status. At this time, tone
generation assignment circuit 2 supplies key-on KON and key
_code KC with respect to an empty channel, when such a chénnel
has been found, so that a musical tone signal wili 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 afte; a
directive has been iésued to this channel so that the preéent

tone generation'is caused to decay (damping process), key-on
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tone generation circuit 2 generates a nu gnal h
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col or corresponding to the tone color p h were}stip
having a pitch corresponding to key code KC, fron1the initiq

key- on KON. In this manner, differin nu5|cal signals corfedponding.to
32 channel s are generated in tone gene% '

KON and key code KC are supplied. Here, key-on KON is
provided to envelobe 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
thése parameters to tone generator 4 and envelppe generator
11. Then, the channel in tone generator 4 which was assigned
by means of tone generation circuit 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. In this mannex, differing musicgl signals
corresponding to 32 channels are éenerated in tone generator
4.

Operating panel 6 supplies the setting infdrmétion 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 infoimation, and supplies this
to tone colo# parameter supplier 7, fiiter selector 8,
reverberation selectoi 9, and oﬁerating signal generator 10.
Furthermore, setting part 7 creates performance data based on
the setting information from operating panel 6, and supplies
this performance data to opefating signal 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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Operating panel 6 supplies the setti
nmenbers thereof to setting part 7. S
i nformati on A showing a tone color s setting |nfornat|on

and supplies this to tone color parameter supplier 7, filtler] dbBeEEBr1087
reverberation selector 9, and operatlng si gnal gener at or 14. [ _Furt hernore,
setting part 7 creates performnce data based on the settijng i nfornation
from operating panel 6, and supplies this performnce dat o-.operating
si gnal generator 10. :

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 controliprogram 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
reverbefation selectbr 9, the_EPnt:ol program which is to be
read out is selected from among thé'plurality.of control
programs for reverberation P21, P22, ..., by means of tone
color information A, and in accordance with the éontrol |
‘sampling clock, the control program addiess is updated by a
value of "1i®, .

In Fig. 2, filtering parametérs supplier 203 suppligs
filtering parameters FLT-Q and FLT;fc in order based on tone
color information A and in correspondence with address
signals. These filtering parameters FLT-Q and FLT-fc are
synchronized with the selectedhﬁontrol program for filtering
and supplied, and are supplied so as to correspond to the
coefficients Kj;-K3 (see Fig. 4) for each channel.

In the same manner, reverberating parameters supplier
202 supplie$ reverberating parameters REV-COEF and REV-VOL in
order based on tone color information A and performance d;ta,
in correspondence with address signals. These reverberating
parameters REV-COEF and REV-VOL are synchronized with the
selected control program for reverberation and are supplied,
and are supplied in such a manner as to correspond to

coefficients K4-Kj31 (see Fig. 7) for each channel.

p—
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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 génerator 4, and subsequently, these
are ﬁnltiplied by an envelope waveform in envelope generator
11. The signals which have'been multiplied in this manner
are first accumulated in accumulator'lz, and then, in panning
circuit 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 generation is éonductéd through the medium of

speakers 15.

(7) Operatioﬁ of Computing Part 5

In cbmputing part 5, as explained above, filtering is
conducted with respect to the musical tone signals of each
tone generation channel generated by means of tone generator
4, and reverberation effecring is conducted with respect to
the left and right signals divided by means of the panning
gircuit 13; these are qonducted 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. As shown in the diagram,
sampling period T is divided into 32 equal blocks. Numbers
"Q0"-"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 0-31lch is conducted so as to be
delayed by 1 block in a 3-block period. 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 réspect'to the musical tone
signal in a channel n ch (n represents an integer within a
range of 0-31) is conducted so as to be delayed by 1 block
with respect to the processing of the channel (n-1) ch.

The processing of each operating uﬂit 70-76 which
realizes revetberation 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 a2 1 block delay with respect to the
processing of operating unit 70. Hereinafter, in the same
manner, the procéssing of the operating unit 74 using
operating unit A is conducted with a l=block delay with
respect to the operating uhit 73. Next, the processing of
the operating unit 75 using operating unit B is conducted
with a 1-block delay with respect to the processing of the
operating unit 74, and the processing of the operating unit
76 is conducted.with a 1—block delay witﬁ 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 described above.

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 filteriﬁg with .
respect to the musical tone signals of the 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 be explained. 1In the
- explanation of this 6peration,.the case in which filtering is
executed with respect to the musical tone signal of the Och
channel will be 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.
Furthermore, to explain in greater detail, the selection of
selectors 51-54 and the control of filtering register 55 in
computing part 5 is expressed as a timetable. The adding
timing of full adder 57 and the multiplication timing of
multiplier 58 have no relationship to the operation of the
control program; however, they are shown 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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In Fig. 2, filtering paraneters s pH ‘§ﬁpp||es fiuﬁugangg {
paraneters FLT-Q and FLT-fc in ord ‘Eﬂﬂiﬁsllﬁifuﬁym col or i EM’ aﬁﬂﬁET
i n correspondence with address sig Iterlng parfa S E 6}_
and FLT-fc are synchronized with the selected control progra #ﬁs F 19
filtering and supplied, and are suppli SO0 as to correspond 4otlhe, .
coefficients Klerr]-Klerr] (see Fig. 4f for each channel . In the sane

manner, reverberating paraneters supplier 202 supplies rev
paranmeters REV- COEF and REV-VQL in

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 te the blocks.
Hereinbelow, in order to facilitate explanation, in the case
in which, for example, the fifth sampling clock of the first
block is in&icated, 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 Lj-L7 of the

digital filter (see Fig. 4).

{1] Calculation of Multiplication Result Lj

First, as shown in Fig. 10,_in sampling clock 0-3,
address FLT-ad is supplied from filters parameter supplier
207 (see Fig. 2) as a readout addrese, 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 vritten as delay
R; one sampling period prior to the present time t. That is
to say, delays.Rl and'Rz are realized using filtering register
'§5, and by means of reading out the wfitten 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 0-4 (see Fig. 9), Selec?or 53

selects input terminal C. By means of this, data y(t-1l) are

supplied to multiplier 58.
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" In sampling clock 0-3, selector 54 selects inpat
terminal A. The data supplied to this input terminal A
correspond to coefficient K3 in Fig. 4, and in sampling clock
0-3, these data are parameter FLT-Q, which is supplied from
filtering parameters supplier 20;. 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 ;he
multiplication result L; shown in equation 1 is calculated.
Mnltipiication result L; is supplied to input terminal C of
selector 51 through the medium of delay element 3D and
amplifiers OP, in order. That is to say., multiplication
result Li is émplified by +6 dB during sampling clock 0-7 and

is supplied to input terminal C of selector 51.

{2] Calcglation of Addition Result Lg

In sampling clock 0-7, sqiector 51 selects input
terminal C, and selectof 52 selects input terminal B. By
means of the selection of selector 51, multiplication result
L; 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 input terminal FILT~IN is
digital filter input signal x(t), and by means of the
selection of selector 52, thiéqis supplied to input terminal-
A of full adder 57 through the medium of delay element Dj. |

Here, multiplication result L3 and input signal. x(t) are
supplied through the media of delay elements Dg and Dj,

respectively, so that they are supplied during sampling clock
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musi cal signals of the 32 channels which - d by tpnk QnFEB 4897

4, and subsequently, these are multiplied by an envel ope wavgfprmin

envel ope gener at or - 31 -

1-0 to full adder 57. Accordingly, the addition result Ly

shown in equation 2 is calculated.

(3] Calculation of Addition Result L3
Next, in sampling clock 1-1, selector 51 selects'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

1 sampling clock by means of delay element Dz 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 the media of exclusive—-OR gate 59 and delay

element Dg.

In sampling clock 1-0, the data X(t-1) of délay Rz which

were written in the immediately pfevious sampling period are )
read out of filtering tegister 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 tefminal:A of
selector 52. In sampling clock 1-1, selector 52 selects
input terminal A, so that data X(t-1l) are supplied to input
terminal A of full adder 57 through the medium of delay
element Dj. That is to say, addition result Lz and data X(t-
1) are supplied through the medium of delay elements Dg and-
D1, respectively, so that they are supplied 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 D2 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 K; in Fig.-4, and are parameter
FLT-fc, which is supplied from filtering parameters supplier
203 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 sampling clock 1-3, addition result L3
and coefficient K; are supplied t§ multiplier 58, so that the
multiplication result Lg4 shown_in'Equation 2'is-caléulated.
This mnltiplication result ILg ié outputted through the medium
of delay element 3D, so'that_it is supplied to selector 51 in

sampling clock 1-6.

[S] Calculation of Addition Result Lg

Next, in sémpling clock 1-6, selector 51 selects input
terminal B. As a result, multiplication result L4 is
supplied to input terminal B oé full adder 57 through the
medium of exclusive-OR gate 59 and delay element Dg. At this
time, each bit of addér—éubtracfor control Siénal SUB
acquires a value of "1", so that the subtraétion'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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speakers 15. (7) Operation of Corrpl‘ltla t Hay BeersReplaced In car
5, as expl ained above, filtering is espect tjo
tone signals of each tone generation ed by
generator 4, and reverberation effecting Is conduct ed wi t h
| eft and rlght signal s divided by neangﬁff t he panni ng cirt
are conducted within one sanpling perio

sampling clock from sampling clock 1-6 and is supp%ied to
full adder 57 in sampling clock 1-7.

In sampling clock 1-5, the data y(t-1) of delay R; are
again read out from filtering fegister 55. 1In sampliﬁg clock
1-6, selector 52 selects input terminal A. . The data y(t-i)
are suppligd through the medium of deléy elements Dg and D; 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 addéf“57 in sampling clock 1-7.'

Accordingly, in sampiing clock 1-7, multiplicatipn
result L4 and data y(t-1) are suéplied to full adder 57, so
that the addition result Ls shown in equation 5 is
calculated. This addition result Ls is outputted through the
medium of delay element Dy, so that it is supplied to
selector 53 .in sampling clock 2-0. Furthermore, addition
result Ls is supplied through the medium of delay element -Dg4
so that it is supplied to .the data input terminal of
filtering fegister 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 weré 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'regisfer, so that the writing address and the
readout address are identical. That is to say, in sampling
clocks 0-3, ;—S and 2-1, the address FLT-ad supplied by
filtering parameters suppiier 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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and in a time shared manner and in p BeenReplace(lizl g. 9 sh
execution timng of the filtering an mmu ratllon ef f
i n each tone generation channel mﬁt periiod T.
the diagram sanpling period T is di VI ded into 32 equal blocks| Qubrif®s 1937
"0"-"31" corresponding to each tone ggqﬁiatlon channel are apsigned to
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t hese bl ocks.

[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 58.

In sampling clock 1-7, selector 54 selects input
terminal B. By means of this, the parameter FLT-fc which.was
supplied from filtering parameters supplier 203 to the input
terminal, is supplied to multiplier 58 through the medium of
delay element Dg in sampling clock 2-0. This parameter 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 calculatea.
This multiplication result Lg is supplied through the medium
of delay element 3D, so that it is supplied to selector 51 in

sampling clock 2-3.

[7] Calculation of Addition Result L7
Next, in sampling cloék 2-3, selector 51 selects input

terminal B and selector 52 selects input terminal A. At this

time, the multiplication result 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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generation channel 0-31ch is conduct u del ayed 1o brock in a
3-block period. That is to say, the ucted wit reﬁrse(FtEgm'[

t he nmusi cal tone ‘signa
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" In sampling clock 2-2, data X(t-1) of register.Rz are
read out again from filtering register 55. These data are
supplied through the medium of delay element Dg, so that they
are supplied to input terminal A of selector 52 in sampling
clock 2-3. At this time, selector 52 selects the input
termiﬁal stated above. As a result, déta X(t-1) are supplied’
through the medium of delay element D1{ so that they are
supplied to input terminal A of full adder 57 in sampling
clock 2-4.

Accordingiy, in sampling.clock 2-4, multiplication
result Lg and data X(t—l)‘are supplied to full adder 57, so
that the addition result I shown in equation 7 is ‘
calculated. This addition result L; is supplied through the
medium of delay element Dz, so that this is outputted from
éutbut terminal FILT-QUT in sampling clock 2-5 through the
medium of delay element Dg4. 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 L7 is written into
filtering register 55 as data X(t) of a new delay Rz. Here;
the data written as X(t) are read out in sampling clock 1-0
and saﬁpling clock 2-2 with é 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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conducted with respect to the nusical I HITFEIE; channel} n ch (n
represents an integer within a range o uctied sp s o FEG 1997
del ayed by 1 block with respect to the processing of the chapngel (n-1) ch.
The processing of each operating unit, &Q 76 which real i zes rpveérberation
effecting is conducted so as to be delayed by 1. block withinfa Derlod of 3

in channel Och is conducted during thén¥
t

bl ocks. That is to

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 ciock
0-0 to sampling clock 2-7.

Next, the filtering with respect to the musical tone
signal of tone.generation channel leh is conducted in such a
manner as to be delayed by 1 bleck with respect to the
processing of the tone generation channel Och described above
and as shown in Fig. 9. Hereinafter, -in the same manner, the
fiitering with respect to the musical tone signal of a
channel n ch is conductea in such a manner as to be delayed
by 1 block with respect to channel (n-1) ch.. As a result,
for example, in the period of the block number 2 shown in
Fig. 9, the filtering of the musical signals of channels 0-
2ch proceeds simultaneously and without hindrance.

The filtering algorithm of the 32 channels is identical
for each tone generation channel. However, differing
filtering parameters are suppiiéd from filtering parameters
supplier 20; for each tone generation channel, so that
individual filtering can be executed with respect to the

musical tone signals of the 32 channels.

{3) Operation of the Reverberation Effecting_Circuit_

| The reverberating effecting circuit is realized by means
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 operating unit A will be explained with

reference to Fig. 10. Here, in order to simplify the
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say, in reverberation effecting, first,Hl

oY, Lo \ o ( A q of the | operattng
| usi ng. operating unit I's condu ‘m 2 bl ock pefi
next, the processing of the operating uct!ed W th chlh tfla&r:gllgg?

delay with respect to the processing of operating unit 70. Hejelnafter..in
the same manner, the processing of the.pperating unit 74 using operating
unit Ais conducted with a 1-block delay wwth respect to the '
unit 73. Next, the processing of the operating unit 75 using operating
unit B is conducted -

explanation, operating unit A is explained with reference to

eet Has Been Rciﬁced REPLACEMENT SHEET

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 timetable.

The operating units which execute the reverberation

- .
-

effecting circuit are comprising, as in the case of the
f£iltering described above, 3 blocks "0"-"2". Each block -
comprises 8 steps (sampling clocks). Computing part 5
executes the operations [1]-[7] described hereinbelow, and
obtains the various operational results Lj;i-Li7 of operating

unit A (see Fig. 7).

[1] Calculation of Multiplication Result Lji
First, as shown in Fig. 10, in sampling clock 0-2,
selector 53 selects input terminal D. At this time, input
data E;, which were read ocut 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 supplied'tq multiplier 58.
In sampling clock 0-1, selector 54 selects input
terminal C. At this time; the parameter REV-COEF from
_reverberating parameters suppliers 202 is supplied to input
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 Kj
input data Ej; are supplied to multiplier 58, and a
multiplication result L1y, wherein Ly = Kg * E1, is
calculated. This multiplication result Li; 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,

multiplication resﬁlt Lii is supplied through the medium of
delay elément Dg, SO that thiSTmultiplication result 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 A of full adder 57 in saﬁpling clock 0-6.
Accordingly, in sampling clock 0-6, full adder 57 addé
nothing to multiplication result Ljj, and output it. That is
to say, multiplication result Ljj is'outputted in an unchanged
manner. In this case, in sampling clock 0-5 it. is also

acceptable for selector 52 to select "0O".

{2] Calculation of Multiplication Result Lj2

In saﬁpling clock 0-5, selec;oi 53 selects input
terminal.D. In sampling clock 0-4, input data Ez are read
out of reverberating register 56. By means of this, these
input data are supplied to multiplier 58 in sampling clock 0-
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 Ks is supplied to multiplier 58 in sampli cioek
0-5.

Accordingly, in sampling clock 0-5, coefficient Ks and
input data Ez are supplied to multiplier 58, and a
multiplication result Lz, wherein Lia = K5 * Ez, is
calculated. This multiplication result Li2 is supplied
through the medium of delay element 3D, so that this
multiplication result is supplied to input terminal B of

selector 51 in sampling clock 1-0.

{31 Calculation of Addition Result L33

In sampling clock 1-0, selector 51 selects input
termihal B. At this time, multiplication result Ljiz is .
supplied to input terminal B of tﬁis selector, and delay
element Dg is connected to the output of this selector. Aas a
result, in sampling clock 1-1, multiplication result Li2 is
supplied to input terminal B of full adder 57. 1In sampling
clock 1-0, selector 52 selects input terminal D. - At this
time, multiplication result Lli is supplied to the input
terminal D of selector 52. This is because the
multiplication result L1; outputted from full adder 57 and
sampling clock 0-6 is delayed by 2 sampling clocks through
the medium of delay elements Dz and D3. By means of this,
multiplication result Lj; 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 Lii
and 112 are supplied to full adder 57, and addition result

L13, wherein Lj3 = Lj; + Li2, is calculated.
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(8) Operation of the Di thgb Filter Next ,

{4] Calculation of Multiplication Result Lig

In the same manner as in the case of the calculation of

the multiplication results L;; and Ljz 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 sampiing clock 0-7.
Furthermore, in sampling clock 0-6, selector 54 selects input
terminal C. At this time, the parameter REV-COEF supplied to
input terminal C is coefficient K¢ of operating unit A (see
Fig. 7). By means of this, coefficient Kg is supplied to .
multiplier 58 in sampling clock 0-7.

Accordingly, in sampling clock 6—7, coefficient Kg and
the data of register E3 are supplied to multiplier 58, and a.
multiplication result Li4, wherein Ljq4 = Kg * E3, is
calculated. This multiplication result Li4q 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] Calculation of Addition Result Ljs

In sampling clock 1-2, selector 51 selects input
terminal B. At this time, multiplication rgsult Lig is
supplied to input terminal B of this selector 51.
Furthermore, delay element Dg is connected to the output of
this selector S1, so that multiplication result L34 is
supplied to the input terminal B of full adder 57 in sampling

clock 1-3.
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operation, the case in which fllterlng i th respegt+—to—the
nusi cal tone signal of the Och channel as an e<amb§5 {Eﬁ 670
shows a control program which executes fllterlng W th respgc t 13

musi cal tone signal of the Och shown |4#Fﬂg 9, as a tinetabl ¢
Furthernore, to explain in greater det the sel ection of selectors

51-54 and the control of filtering register 55 in conputingtpast—b—s
expressed as a thndmplfng Eo@Edi42] selector 52 selects input

terminal C. At this time, addition result Lji3 is supplied to
input terminal C of the same selector 52. This is because
the addition result L33 which was outputted by full adder 57
in sampling clock 1-1 is deléyed by 1 sampling clock through
the medium of delay element D;. By means of thié, addition
result L33 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 Lj3z and multiplication .
result Lj4 are supplied to full édder 57, and an additional

result L35, wherein Ljs = L33z + Li4, is calculated.

[6] Calculation of MultiplicationtResult Lig

.In the same manner as in the case pf.the multiplication
results Ljj, L3i2, and Lig, in sémpling clock 1-1, selector 53
selects input terminal D, and in sampling clock 1-0, input

_ data E4 are read out from revg;berating register 56. By
means of this, in sampling cléck 1-1, input data E4 are
supplied to multiplier 58.

Furthermore, in sampling clock 1-0, selector 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). 2As a resulﬁ, 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 resuit L16, wherein L;g = Kﬁ * E4, is

calculated. This multiplication result Lijg is supplied
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As shown in Fig. 10, this control program conprises 3 bl ocks

bl ock conprises 8 steps. Each step is executed in a 1-bl ock period  As.a-

result, in a sanpling period 1T, a corf% o program havi ng 25 (32 bl ocks X
8 : _

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 Lj7

In sampling clock 1-4, selector 51 selects input
terminal B. At this time, multiplication result L3¢ is
supplied to input terminal B of selector 51. Furthermore,
delay element Dg is connected to the 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 1-4, selector 52 selects input
terminal c. A£ this time, addition result Ljs is supplied to

inpﬁt terminal C of selector 52. 'This is.because addition .
result Ljis, which was outputted from full.adder_57 in sampling
clock.1-3, is delayed by 1 sampling clock through the medium :
of delay element D2. By means of this, the addition result
is supplied from selector 52 through the medium of delay
element D3, and is supplied to input terminal A of full adder
57 in sampling élock 1-5. -

Accordingly, in sampling clock 1-5, addition result ILis
and multiplication result Lj3g are supplied to full adder 57,
and an addition result L7, wherein Lj7 = L3is + Lig, is
calculated. This addition result Lj;7 is delayed by 2 sampling
clocks through the medium of delay elements Dz and Ds, énd is

- written into reverberating register 56 as output data F;.

The operating unit A, which obtains each of these

operation results Lj; - Li7 in this manner, corresponds to the

["THIS SHEET HAS BEEN
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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 E;-E4 in operating unit A, the
respectively corresponding delay data DC2, DC4, DCg, end DCg
are read out from reverberating register 56. This is
conducted by means of designating addresses Az, Asa, Agy and Ag
as address REV-ad. Furthermore, the coefficients K4-K7 of
parameter REV-COEF are supplied as coefficients Cs, C7, Cg,
and Cji in operating-unit 73, at each supply timing.
Furthermofe, the output data Fj; of operating unit A are
temporarily stored in reverberating register 56 as addition
result TC; of operating unit 73. '

In the same manner, when the processing of operating
unit 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,.A5, A7,
and Ag as address REV-ad. Furthermore, the coeffieients Kg—-
K7, which are parameter REV-COEF, are supplied at each supply
timing as coefficients Cg, Cg, Cig, and Ci2 in operating unit
f@. Then, the output data F; of operating unit A are
temporarily stored in reverberating register 56 as addition
result TC; 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

{ THIS SHEET HAS BEEN
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numbers "0"-"7" are applied in or @ei5 Sheg} HapBeep Replaced 'Fbrg
to facilitate explanation, in the ; . for exapple,
sanpling clock of the first block/ this wl '

as sanpling clock 1-5. Computing part 5 executes 4
[1]-[7] described below in accordance wth the tinetable Fig.

10, and finds the operational results Llerr]-L[err] of theq  ——
differences with the above-described operating units 73 and
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,
when the processing of operating units 70-72 is conducted,
the selector 53 selects input terminal A. At this time,
panning circuit 13 (see Fig. 1) 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 of input terminal REV-IN.

When the processing of operafing unit 72 is conducted,
the input data Ez in operating unit A comprise a right
signal, and in sampling cléck 0-5, selector 53 selects input
terminal A. 1In operating units 70-72, the input data E4 and
the multiplication coefficient which is multiplied by the
input data E4 in operafing unit A have values of "X" and "0",
respectively. |

In the case in which a representation is to be made of
the prqcessing of operating units 70~-74 by means of operéting
unit A, in sampling clock 1-1, a selection signal ié_not )
supplied to selector 53. In this case, the selection of an
input terminal in selector 53 i; indeterminate. However, in
the present preferred embodiment, in sampling clock 1-0, the
value of the coefficient 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

[ “[Ti¢ SHEET HAS BEEN
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digital filter (see Fig. 4). [ 1] ltiplideex 15-:’
L[ err] First, as shown in Fig.. | g cl ock ot
FLT-ad .is supplied fromfilters par a O[err] (gee Flg. 2

a readout address, and y(t-1), which is the del ay data of dellayd B EE
(see Fig. 4) is read out of filtering register 55. This datfafy(t-1) ma§ ,
witten as delay R err] one sanpling ﬁﬁ?lod prior to the prlesent tine t.

That is

operating unit 70. As a result, because coeffidient'Kv is
supplied through the medium 6f delay elemeﬁt Dg, this
coefficiant is supplied to multiplier 58 in sampling clock 1-
1. By means of this, the multiplicatibn résult of the
multiplier 58 becomes "0", and this is the multiplication
result L;s 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 Ej3
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 sﬁpplied as parameter REV-COEF to'input terminal C
of selector 54 has a value of "Q"; in accordance with the
multiplication coefficient in opera;ing unit 70. As a
result, this coefficient is supplied through the medium of
delay element De, so fhat the coefficient is supplied to
multiplier 58 in sampling clock 0-7, and the multiplication
result of multiplier S8 becomes "0". This is the
multiplication result L34 in operating unit A.
| In this manner, in the present preferred embodiment, the
coefficients Kg and K7 which are supplied as paraméter REV-
COEF, are given values of "0" at supply timings thereof, and
thereby, the processing of the input data "X" and the
multiplication coefficient "0" in operating units 70-72 is

- accomplished.

Furthermore, the multiplication coeffiaients Ca3 and.Cz4

in operating units 70 and 71 afe supplied to the multipliers

TC23 and TC24, which determine the size of the left and right

[
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to say, delays Rlerr] and Rlerr] are reﬁhls%e‘iﬂﬂessﬁe x LASEME@E SHEE

Sn? bydnEans of reading out the witten u od 1T tre data are

el ayed by 1 sanpling period T. The data | ayed by qn

sanpling clock by neans of delay el enent r see |gy ,)sc ngtFEB wa

these data are supplied to selector 5% durlng sanpllng clock Q- 4

Next, in sanpling clock 0-4 (see Fig. ? sel ector sel ects |nput

termnal C. By neans of this, data y(t-1) are
outputs, as can be seen from the reverberation effecting

circuit shown in Eig. 5. That is to say, in the processing
of operating units 70-and 71 by means of operating unit A,
multiplication coefficients Cz3 and C24 are supplied not as
parameter REV-COEF, but rathef as coefficient Kg of parameter
REV-;VOL . |

Accordingly, in representing the processing of opéfating
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 Cz3 is suppiied
to input terminal D of selector 54 as coefficient K¢ of
parameter REV-VOL. |

In the same way, when the prbcessing of operating unit
71 is conducted by means of operating unit A, selector 54
selects input terﬁinal D in sampling clock 0-6, and
multiplication coefficient Ca4 is supplied to input terminal D
of selector 54 as coefficient K¢ of parameter REV-VOL in
sampling dlock 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 the selectors 51 — 54 and the
writing/readout controi of reverberating register 56 are
conducted fundamentally in accofdance with the timetabie
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 - Lz3 of operating unit B (see Fig. 8) dn

THIS SHEET HAS BEEN
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supplied to nultiplier 58. is Sheot Has Been Replace _Pi CNT
In sanpling clock 0-3, selector 54 sel ectsmmmnmmﬁlm,ral A The ddt a
supplied to this input termnal A : 0% B 1997

e 47 - Lfif

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 Lyg is written
.into reverberating register 56 as output data Fj.

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 operatione of operacing unit B

. are repeatedly-conductedlin correspondence with the
individual operating units 75 and 76.

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

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-
3lch 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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correspond to coefficient Klerr] ThwﬁmF$ fn sanmpling fG
these data are paraneter FLT-Q - d from filt
par aneters suppller 20[ err]. Thes I|ed to mul

during sanmpling clock 0-4 through t e medium of delay el emgnt B & FEB 1397
Accordingly, during sanpling clock 0-4, data y(t-1) and coeffycient Kerr
are supplied to nultiplier 58 so that” 4ﬁ3 mul tiplication regu L[erw
shown in equation | is calcul at ed. ' .

out/writing control of filtering register 55, and the read

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

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 simultaneously. However, the operating timing of
full adder 57 and multiplier 58 does not oéerlap at the
sampling clock level. This is achieved by providing delay
glementsvgstween each selector 51754, full adder 57, and
multiplier 58 in computing parﬁ'S}

Furthermore, the f;ltering is divided into channels, and
the reverberation effecting is divided into operating units,
as a unit.of the operational algoiithm, and these operational
algorithms are executed 1n such a manner that they are
delayed by a fixed period. As a result, it lS possxble to
process a plurality'of inputted data in a time-shared manner
so 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.

T sunnT HAS BEEN
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Mul tiplication result L[err] is supplied to input termnal C &EPLASEUE$H}SHEET

51 through the nedium of delay elenent 3D and anplifiers OPJ iln order.
That is to say, multiplication result L[err] is anplified by 46 gi§ ggﬂim
sanpling clock 0-7 and is supplied to input termnal C of s chtor .

[2] Calculation of Addition Result L[e g] 1n sanpling gl dck—6=7

sel ector 51 selects input term nal nd sel ector 52 sel ectls i nput

term nal B. By

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. 1In addition, it is possible to apply differing

effects in a parallel manner to a single musical tone signal.
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supplied to input
excl usive-OR gate
supplied to input

and by means of th
term nal
Her e, nU|twﬁaICat|OEa ggalt Llerr] and input signal x(t) arel

reans of the sel eotion-of seieotor 51, rrul”l!]"l mlw!ﬂ m ﬂ!’ HAOBMENT SHEET

i, adder !
nent Derr]. FurthernDre the signal
B[ﬁa .ﬁﬁ le digital filter input fgnﬁlﬁ (EBW
sel ecgd)r 52, this is suppliefd to input

A of full adder 57 through 1 he nedlun1of del ay el epent Derr].

is:

1. A digital signal processing apparatus for conducting
filtering and applying feverberation 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 designation data, which designate contents of
said reverberation, and characteristics data, which express
combined contents of said filtering and.said reverberation,

- parameters generating means (2031,202) for generating.
filtering parameters which express filtering characteristics
in accordance with said filtering designation data, and for
generating reverberating parameters expressing reverberation
characteristics in accordance with.said reverberating |
designation data and said characteristics.data.,

readout means (213,215) provided with memory means
(221,223) which stores a plurality of operating algorithms,
for reading a first operatihg algorithm, which designates
said filtering 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 énd comprising a
combination of said plurality of adding mechanisms,
multiplying mechanisms, and.delaying mechapisms based on said

first operating algorithm, forms an operating unit having

REPLACED
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reverberation characteristics in accordance with sahd
reverberating parameters, and comprising a combination of -
said plurality of adding mechanisms, multiplying mechanisms,
and delaying mechanisms based on said second operating
algorithm, conducts time-shared operating of said digiﬁal
filter and'said operating unit, and conducts parallel

processing of said filtering and said reverberation.

2. A digital signal processing apparatus in accordance with
Claim 1, wherein said filtering parameters include at least a
cut-off frequency and a resonance value expressing said
filtering characteristics, and information providing
necessary delay amounts is providéd at a time of said

filtering.

3._A digital signai processing apparatus in accordance with
Claim 1, wherein said filtering parameters include at least a
reverber#tion output level and a reverberation coefficient
expressing said reverberation characteristics, and
information providing necessary &elay 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 pr. imad
o ner ‘ THIS SHEET HAS BEBN
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shown in equatj [3] Calculation of Addition Result L3
Next, in samlliﬂ'ﬂ‘ﬂ&“\ﬂ\@ Iector 51 sel ects input {T&s §hegtilas BeenRepladed S
tine, t he addi €alicul ated by neans of fuIIJ
sanpling clock '1-0 is delayed by 1 sanpling clock by nea
element Dlerr] and is supplied to |npu termnal A of selector

means of this, addition result L2 is" plied to input' term nal B of fuI

manner, and said fiitering parameter and said reverberating
parameters are synchronized with a key-on signal designating

musical tone generation, and outputted.

S. An electronic musical instrument for applying a mutqally
differing first 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
signals and outputting said signals,

(b) a mulpiplying means (58)lfor multiplying an output
of said second selecting means (54) and an output of said
first selecting means (53), predetérmined 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), predeterminéd time delaying an addition result or
a subtraction result thereof and outputting éaid result,

(d) a first delay means (55), for applying a necessary
delay to said firét 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

[ THIS SHEET HAS BEEN
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filtering re e data are delayed by 1 sanp

of del ay elenent E{err] so t hat they ﬁﬂée supplied in s T

to input termnal A of selector anpling clock 1}1, selector.52
~ selects

of said adding-subtracting means (57), and outputting said
effect as a second delay signal, and

(f) 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 seeond operating
algorithm corresponding to said second effect, and for
‘directing addition operation or subtraction operation of said
adding subtracting means, ' o

are brovided. and

said musical tone signal and an output of said adding-
subtractlng means, said first delay signal, and said second
delay signal are supplied to sald first selecting means,

a first parameter, expressing contents of said first
effect, and a second parameter, expressing contents of said
effect, are supplied to said second selecting means,

an output of said multiplier and an output of said
adding-subtracting means are“sﬁbplied to said third selecting
means, |

said musical tone signal, said first delay signal, 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 seid first parameter
based on_said first operating algorithm, forms an operating_
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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full adder 57 t umof That is to&gﬁ(,
addition result ﬂ 1) are supplied through tihdg @0i BeBo
del ay el ements rr] respectively, so that they are supplje

in sanmpling clock 1 2 to full adder 5%
result L[err] shown in Equation 3 is €

Mul ti Ilcatl n Result, L4
P Q E% a time shared manner,

b,

SHEET|

I—\UI

REPLAGEMENT,

i npu
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__gul at ion-of

By neans of this,
zﬁ cul at ed. [ 4]

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
S, 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
'S5, 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
control programs out of said first memory means, |

a plurality.of operators,

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

means,

REPLACED
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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 (D3j~Dg, 3D) for
predetermined time delaying and outputting data supplied to a'
connection line within which said plurality of delaying means
is provided and which is connected to said second memory

means, said operators, and said selectors.
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data are supplled in

1 sanmpling clock by neans of del ay el enent err] and is supd

termnal B of selector 53, so tha¥ this addfiion] resul t isp Jﬁgﬂég%? ?Eg%ﬁgT
mul tiplier 58. In sanpling clock 1-2, selector 54 sel gctfs i nput

terminal B. The data supplied to this input terninal B corr spodHStEEB 1997
coefficient Klerr] in Fig. 4, and are raneter FLT-fc, whighiis supplied
fromfiltering paraneters supplier 20 i n sanpling clock 1-2. These

rej

DIGITAL SIGNAL PROCESSING APPARATUS EMPLOYED IN
ELECTRONIC MUSICAL INSTRUMENTS

ABSTRACT OF THE DISCLOSURE
A designating mechanism generates filtering designation

data, which designate the contents of filtering,

reverberating designation data, which designate the contents

of reverberation, and characteristics data, which express the
combined contents of filtering and reverberation. A |
parameters genefating mechanism generates filtering

parameters expressing filtering characteristics; énd

SR 8

generates reverberating parcam ametér's expres31ng reverberation

characteristics. A readout device reads out a first
operating algorithm, which designates filtering designation
data, and.a second operating algorithm, which designates -
reverberating designation data, from a memory mechanism _
wherein a plurality of operating élgorithms are stored. A
computing mechanism creates a digital filter having
characteristics corresponding_to filtering parameters, based
on the first operating algorithm, creates an operating unit
having reverberation charagterigtics corresponding to
reverberating parameters, based 6n'the éecond operating
algorithm, operates this digital filter and this operating

unit in a time shared manner, and processes filtering and

reverberation in parallel.

FIGURE 1
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Furthernore, nmultiplication result L[err] is supplied throuﬁEElFAé'EMgmuﬁﬂEH

of delay elenment Dlerr], so that it is delayed by 1
33 _ sanpling cl ock.from sanmpling clock 1-6 and is supplied{tp g5 FEB 1997
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full adder 57 in sanpling clock 1-7. In sanpling cloc
y(t-1) of delay R err] are again read out fromfiltering re 'ﬂ

sanpling clock 1-6, selector 52 selects input term nal

are supplied through the nedium of delay elenents Dlerr] and

A. Th

3@65 XF(EB 1997
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order, so that these data are del ayed by 2 sanpling clocks f otpsawp:.ug

clock 1-5, that is to say, they are stpplied to input term nal
adder 57 in sanpling clock 1-7. Accordingly, in sanplin

mul tiplication

Xit-1)

B of full

J——

ook I- 7/,
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result L[err] is .out the medium of delay elgngnt Dierr], so

that it is supplied in sanpling clock 2-0. |Fyr thBrRbBBei997

addition result L[err] is supplied through the nedium of deliay el enent

Dierr] so that it is supplied to the data input terminal ¢f filtering

regi ster 55 in sanpling cIoE_:_I_< 2-1. At tx-zlc:tis tinme,
. s

result Llerr] and dmis®hse(BasBeenReplacdippl i ed to ful | adder S_ﬁﬂwﬁ
addition result L] er;HlllﬁBBIﬂﬂ[le!tat ion 5 is calculated. |THe— .
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‘ operates as a shift register, so that fhe witing address {a

addition result L ary ' witten into filtering register REEEACEHE&@Q%HEET
~ y(t) of delay R e t Lag e % time T. Here, th i ch wer b
written as y (t) a1 | sanpling clocks 0-3 and }- dgEB Eﬁ?
- y(t-1), which were sanpling period. Filterin regfgt r5
t ha

Feadout

 address are identical. That is to say, Pn sanpling clocks I0D-3, 1-5 and

. 2-1, the address FLT-ad supplied by filtering paraneters\ ptTer— 20, has
. the sane contents. As e

DCioDCisa DCioDCis | DCiz DCie DCiz DCr7

kce Kee: Coz CrlKCzo ";c KCa
ColCe|  CelCz Crr | Cao C;S Ca
1Cs 1Cs 1C3 JCa

KCisl K
AN

75 76

- FIG.6
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expl ai ned abovemy—t he fact that the order o BEP['AEEWWQHEET

readout is revers’éld Sheet Has
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(61 Calculation of Multiplication Result L[err]
sel ector 3 sel ects input
addition result L[err] is supplied

cl ock 2-0,

selector, so that the
In sanpling clock 1-7,
this, the paraneter FLT fc which was

supplier 20[err] to the input

Next
termnal B. At this ti
to input termnal B of jtH
addition result is supplied to multi|pl
sel ector 54 sel ects input
sﬁpblled fromfilterirng

t er m nal

e sane

1Ly sete 57

N AL daaat

A% L% BLCID

AP ACERIENToSHEET
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feh | I -
ZCh L+ 1
FILTERING :
30ch [T73 [ ]
31ch [+ 3 [ ]
COMPUTING UNIT 70 — S
(COMPUTING UNIT A) T ] e
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term na
Derr]

coeffic
additio

|, is supplied to nmultiplier 58 through the nmedi um of

in sanpling clock 2-0. This paranmeter FLT- fc corres

ient Klerr] shown in Fig. 4. Accordingly, in sanpling
{o| w0V FER 807

n result L[err] and coefficient K err] are supplied

58, so that the nmultiplication result b[err] shown i n Equat

medi um

calculated. This multiplication resulft”L[err] is supplied 't
of delay elenent 3D, so that it is supplied to selec
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sanpling clock 2-3. [7] Calculation of Addition Result L7 Next , i n
sanpling clock 2-3, selector 51 selects input termnal B and_sel ector
selects input termnal A At this  tine, the nmultiplication r¢ MEN[['

is supplied to selector 51, so that this nultiplication resul FEPUAEEHP. . C§HEET
to input termnal B of full adder 57 through the nedia of EX(|LSIV§

gate 59 and del ay elenent ‘Dierr]. That 105 o say, nultiplicatijon FEB 1997
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result L[err] is supplied to input termnal B of full adder 57 in sarrpllng

cl ock 2-4. 35 |
cl ock 2-2, data X(t 1) of gylster Rlerr] are : rhm_ﬂﬁmmr SHEET
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read out again froh1fi|tering regi ster 55. These data are
t hrough the nmedium of delay elenent Dlerr], so that they

input terminal A of selector 52 in sanpling clock 2-3. JRREPEASEMENE SHEE

sel ector 52 selects the input term nal stated above. As}a

X(t-1) are supplied through the nedizﬁ%of del ay el enent

supplled

st -, dal ad

Sihpi FEf BT

they are supplied to input termnal” f-full adder 57 ijn
cl ock 2-4. o Accordingly, in sanpling clock 2-4, mul tji dLicati.Qn
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resul t. L[ err] and data X(t-1) are supplied to full adder 5 REPQACEMEWSHEET'

addition: result ‘L7 shown in equation 7 is cal cul at ed. Thj sfeddtt
resul't L7-is*supplied through the medi um of del ay el emen} | @r{)] sQ_tha
5 Biball

this is outputted from output terminal FILT-OUT in sanpl{n 1o 1997
t hr ough-t’he medi um of del ay el enent D[&rr]. As a result;]ib-sanpling

cl ock 2-6, this is supplied to the data input term nal o*f_filtering
regi ster 55. -

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.

US-A-4,472,993 discloses a sound effect imparting device for an electronic musical
instrument. The digital signal processor of this sound effect imparting device executes
a modulation effect process and a reverberation effect process in one sampling period.
By control data and parameter data which are respectively read out from a control unit
and a parameter memory by means of a read out unit, switching of the operation mode
of the digital arithmetic operation unit is controlled in a time-sharing manner,
whereby a plurality of sound effects are imparted to a musical tone through digital
arithmetic-operations. However, in this sound effect imparting device of the prior art
a modulation effect is first added within one sampling period of the digital musical tone
signal and then a reverberation effect is sequentially added on a time-sharing basis in
addition 1o the modulation effect. This means the processing for applying the
modulation effect and the reverberation effect is conducted in order and consecutively.
While proi:essing for the application of a first effect is being conducted it is not
possible to conduct processing for the application of the second effect simuitaneously.
As a result, the waiting period of the operators becomes large and the efficiencies of
use of the operators worsens. High speed processing is not pos'sible.

EP-A-0 248 527 discloses a digital signal processing using waveguide networks. The
digital waveguide networks have signal scattering junctions. A junction connects two
waveguide sections together or terminates a waveguide. The junctions are constructed

" from conventional digital components such as multipliers, adders, and delay elements.
The signal processor is typically used for digital reverberation and for synthesis of
reed, string or other instruments.

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 processing even in cases in which a plurality of

effects are to be applied.
THIS SHEET HA
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REPLAGEMENT ottt |

At this ti.re, addition result L7 is witten into filtering gegrsTer 55 as
data X(t) of a“new delay R err]. Here, the data witten as$ X( 1a Iy
] Im‘&ﬁ\o od
Lt

out in sanpling clock 1-0 and sanpling clock 2-2 with a 1}s:
delay as data x(t-1). However, in this case as well, the [ -
and the readout address are identical foP the sane reasonsias in the case
of . y(t) described above; that is to say, because the order—ef—w-tTTTgand
readout is reversed. That is to say, in sanpling clocks 1-0, 2-2, and 2-6,

t he address FLT-ad . L . . .
_ Accordingly, the present invention is a digital signal processor which repeatedly

executes waveform processing based on operation clocks during each sampling period

of musical tones, the digital signal processor comprising:

musical-tone-signal supplying means for supplying a group of musical tone
signals including one or more musical tone signals; _

parameter generation means for generating filter parameters, controlling a
characteristic of a digital filter, and effecter parameters controlling a characteristic
of an effecter;

control means for generating a first control signal controlling a first operating
algorithm of the digital filter as well as a second control signal controlling a second
operating algorithm of the effecter; and

computing means, which provides multipliers, adders and subtracters, for
effecting™a digital filter process, having a characteristic which corresponds to the
filter parameters, on at least one musical tone signal of said group of musical tone
signals in accordance with the first control signal, the computing means also effecting
an effecter process, which corresponds- to the effecter parameters, on at least one
musical tone signal of said group of musical tone signals in accordance with the second
control signal,

characterized in that the first control signal (see FIG. 10), and the second
control signal (see FIG. 11 or FIG. 12} are subjected to parallelization interleavingly
by a unit of the operation clocks.

In accordance with this type of composition, the designating mechanism generates the
filtering designation data, the reverberating designation data, and the characteristics
data, which are a combination of the filtering and the reverberation. The parameters
generating mechanism generates filtering parameters indicating filtering
characteristics, and reverberating parameters indicating
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supplied fromfiltering par arreters supp i derlm Fozc) B _
contentz. 17" i i Ty " AL
means of the control program shown in *
) 01 JUL 1997
-50-
CLAIMS
1. A dlg:tal signal processor which repeatedly executes waveform processing

based on operatlon clocks during each sampling period of musical tones, the digital
signal processor comprising:

musical-tone-signal supplying means for supplying a group of musical tone
signals including one or more musical tone signals; '

parameter generation means (20-1, 20-2) for generating filter parameters,
controlling a characteristic of a digital filter, and effecter parameters controlling a
characteristic of an effecter;

control means (21-1, 21-2) for generating a first control signal controlling a
first operating algorithm of the digital fiiter as well as a second control signal
controlling a second operating algorithm of the effecter; and

computing means (5), which provides multipliers, adders and subtracters, for
effecting a digital filter process, having a characteristic which corresponds to the
filter parameters, on at least one musical tone signal of said group of musical tone
_signals in accordance with the first control signal, the computing means also effecting
an effector pracess, which corresponds to the effector parameters, on at least one
musical tone signal of said group of musicél tone signals in accordance with the second
control signal,

characterized in that the first control signal, and the second control signal
conduct parallel processing of said digital filter process and said effector process.

2. A digital signal processor according to claim 1 wherein one musical tone signal
of said group of musical tone signals corresponds to a plurality of channels which
operate in a time division manner; and the digital filter process is executed with
respect to musical tone signals of each channel independently, using different filter

This Sheet Has Been Replaced.




Fig. 9. filtering is conducted with rﬁuﬂmm‘u“ Mhﬂﬁl cal’
channel Cch in-the period fromsanpli sanget:
Next, the filtering with respect to the nusical tone m]’ﬂ{ L
generation channel 1ch is conducted inSuch a nmanner as {ol be del ayg& /
1 block with respect to the processfr?a ‘of the tone gener gt} og \:h,\iHn Oc

descri bed above and as shown in Fig. 9. Hereinafter, in §hg sanme nanne
t he

coefficient for each chan_ne!.

3. A digital signal processor according to claim 1 wherein the processes, which
are executed based on the first and secand control signals respectively, are executed in
a parallel manner distributed over a sampling period.

4. A digital signal processor according to claim 1 wherein each sampling period is
divided into a plurality of biocks, so that the first and.second control signals are
subjected to parallelization in each block of the sampling period. '

5. A digital signal processor according to claim 4 wherein one digital signal
process is executed in accordance with the first control signal in each block of the
sampling period, so that a plurality of digital signal processes are executed in one
sampling period.

6. A digital signal processor according to claim 5 further comprising filter
designating means for generating filter designating data (8), wherein the control
means (221) generates a variety of first control signals, so that the computing means
executes digital filter processes of different algorithms in accordance with the variety
of the first control signals.

7. A digital signal processor according to claim 4 wherein one operation unit is
executed in accordance with the second control signal by each block of the sampling
period, so that a plurality of operation units are executed in one sampling period.

8. A digital signal processor according to claim 7 wherein execution of the effecter
pracess is realized by connecting the plurality of operation units, which are executed
in one sampling period, in accordance with the second control signal.

8. A digital signal processor according to claim 8 further comprising effecter
designating means (9) for generating effecter designating data, wherein the controi
means (222) generates a variety of second control signals, so that the computing
means (5) changes the manner of connection of the plurality of operation units in

response to the variety of second control signals so as to execute effecter processes of
different algorithms.
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filteriing with. re§ﬁ§fT_TTTT7ﬂ§_WU§TCHT tone signal of a
conducted in such a'{ﬂﬁﬁﬁ'&@{m@ eehﬁcﬁeadel ayed by 1 block:

channel (n-1) ch.
nunber 2 shown i.n jlﬂlﬂlmn utllt
channel s O- 2ch pr

filtering algorithmof the 32 channels is identical

exanpl e, in the perijo
tering of the nusical

generation channel . However, differing filtering paranetefs are supplied
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supplier 20[err] for each tone generation channel , so that i ndi vi dual
fil'tering can be executed with respect to the mJS|caI to
REP f‘EMEN

32 channel s. (9) Operation of the Reverberation Effect
The reverberating effecting circuit is realized by neans
shared operation of the operating units ¢4 shown in Fig. 1 e [
units B shown in Fig. 8  First, li' ‘“?Eqw
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t-he opéhationipf operating unit Awll be explained with
10. Here, in order to sinplify the

expl anat¥ on,

operating unit Ais explained with referenceltb 22 A

DIGITAL SIGNAL PROCESSING APPARATUS EMPLOYED IN
-ELECTROBHC!WUSH:ALINSTRLH%ENTS

Field of the Invention

The present invention relates to a digital signai
processing apparatus wﬁich simultanéously applies various
effects such a§ reverberation and chorus and the like with
respect to a digital musical tone signal’generated in an.

electronic musical instrument.

Eackgrou;i Arn

Conventional examples of this type of digital signal
processing apparatus include, for example, the effector
disclosed in Japanese Pateht ?ublication No. EBei 1-19583.
This effector comprises a plurality of operators such as
multipliers and adders. This apparatus applies reverberation
and modulation effects such as chorus, flanger, and the like,
with respect ta a digital musical tone signal which is
generated. In this type of apparatus, during, for example,
one sampling period, after modulation effects have beern
applied, reverberation is applied. That is to say, in this
type of apparatus, in the case in which a plurality of
effectg are applied to a digital musical tone signal, the
p:ocessinq for applyinq the various "effects" is conducted in
order and coansecutively.

Accordingly, in such a coanventional effectof; wﬁile
processihq for the application of a given "effect" is be%ng

conducted, it is not possible to conduct processing for the

application of a second “effect". As a result, the waitinq.



the case in which operating units 73 and 74 are operated. REPLACWENT1$‘HEET
shows the timetable of a control programfor executing r¢verberation
effecting. To explain in greater detail, the selection o seI'ZegtAPR 193353
and the control of reverberating register 56 in conputin p@sr_t 5is = _
displayed in terns of a tinetable. The operating unit Ch execute
the reverberation effecting circuit are conprising, as in the case of the—

ol

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.

US-A-4,472,993 discloses a sound effect imparting device for an electronic musical
instrument. The digital signal processor of this sound effect imparting device executes
a modulation effect process and a reverberation effect process in one sampling period.
By control data and parameter data which are respectively read out from a control unit
and a parameter memory by means of a read out unit, switching of the operation mode
of the digital arithmetic operation unit is controlled in a time-sharing manner,
whereby a plurality of sound effects are imparted to a musical tone through digitai
arithmetic oparations. Hewevar, in this sound effect imparting device of the priar art
a modulation effect is first added within one sampling period of the digital musical tone
signal and then a reverberation effect is sequentially added on a time-sharing basis in
addition to the modulation effect. This means the processing for applying the

 modulation effect and the reverberation effact is conducted in order and consecutively.

~ While processing for the application of a first effect is being conducted it is not
possible to conduct processing for the application of the second sffect simultaneously.
As a result, the waiting period of the operators becames large and the efficiencies of
use of the operators worsans. High speed processing is not possible.

EP-A-0 248 527 discloses a digital signal procassing using waveguide networks. The
digitél waveguide networks have signal scattering junctions. A junction connects two
waveguide sections together or terminates a waveguide. The junctions are constructed
from conventional digital components such as multipliers, adders, and defay elements.
The signal processor is iypica!ly used for digital reverberation and for synthesis of
reed, string or qther instruments.

Summary of the Invention

Itis accordingly an object of the present invention to pro;ide a digital signal

" processing apparatus capable of increasing the efficiency of use of the operators, and
capable of conducting high speed processing even in cases in which a plurality of
effects are to be applied. The invention is defined by the appended claim 1,
with advantageous embodiments being defined by the appended dependent claims 2-9.



filtering described above, 3 bIocksI"O"-"Z". Each bl ock
(sampling clocks). Conmputing part 5 executes the operatijons [1]-][7]
descri bed herei nbel ow, and obtains the various operationgal results

Jor’&eim 898t dp

¢
H

L[err]-L[err] of operating unit A (see Fig. .7). . [1] cul atjon of B
Multiplication Result L[err] First, as shown in Fig. 10, in sanpling
clock 0-2, selector 53 selects input termnal D. At this tinme, input

3

In accordance with the type of composition as given by the present
invention the designating mechanism generates the filtering Qesignation
- daca, the reverberating designation data, and the characteristics daca,
which are combination of the filtering and the reverberation. The
parameters generating mechanism generates filtering parameters
iﬁdicacing filtering characteristics, and reverberating parameters
indicating reverberation characteristics. The readout mechanism reads
the first operating algorithm, which designates filtering designation
data, and the sécond operating algorithm, which désignates
reveberating designation data, out of the memory mechanism, in which
a plurality of operating algorithms are stored. The computing
mechanism.forms a digital filter haviﬁg characteristics in accordance
with-the filtering parameters, based on the first operating algorithm,
and further forms an operating unit having reveraberation
characteristics in accordance with the reveraberating parameters, based
on the second operating algorithm, and conducts-ﬁime shared operating
of this digital filter and operating unit, and conducts paéallel

processing of filtering and reverberation.

. Accordingly, as the digital filter which conducts the
filtering of a musical tone signal, and the cperating unit
which applies :éve:beratian to the musical tone signal, are
operated in parallel, the efficiency of use of the operators
can be increased, and processing can be accomplished :apidly,
even in the case in which a plu;ality of effects are to be

applied.



data E[err], which were read out 6f reverberating regi sté REB&QEM§§%$H FgT
clock 0-1, are supplied to input terminal D of selector $3|through the

medi um of delay element Dierr]. As a result, these input{ddt® ar APRUGSS
to multiplier 58. In sanpling clock 0-1, selector 54 gelects input
C At this tinme, the paraneter REV-CCEF from re\erberattng

t er m nal

D

d

paranmeters suppliers 20[err] is supplied to input termndl C as
coefficient K4 of operating unit A and isgy

Brief Description of the Drawings

Fig. 1 is a block diagram showing the composition of a

digital musical instrument in accordance with a preferred

embodiment of the present iavention.

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

embodiment.

Fig. 3 is a block diagram ;howing the composition of
computing part S in the same preferred embodiment.

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

Fig. 5 is a block diagram showing the compesition of a
reverberation effecting circuit, which is operated in a time
shared manner in computin§ part S.

Fig; 6 is a block diagram showing the compositidn of
the reverberation effecting circuit shown in Fig. 5, when
this is divided into operatiag units.

Fig. 7 is a block diagram showing the composition of the

operating unit shown in Fig. 6.

Fig. 8 is a diagram showing a2 timetable of the filtering
and reverberation effecting process which is executed for
each tone generation channel Och~3lch within a saﬁbliaq

period T.




supplied in sanpling clock 0-2 to nultiplier 58 through t
del ay elenent Dierr] (see Fig. 3).

Fig. 9 is a timetable showing the contents of the

filtering which is conducted in tone generation channel Och.

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

Fig. 11 and 12 is a timetable showing the control contents
of operating
unit B.

Detailed Description of the Preferred Embodiments

(First Preferred Embodiment)
Hereinbelow; preferred embodiments of the present

invention will be explained with reference to the drawings.



I nput data E[err] are supplied to nultiplier 58, and a nul!a

result L[err],
mul tiplication
el ement 3D, so
At this tine,

mul tiplication

elemrent Dlerr],

wherein L[err] = Klerr] . Eerr], is <calcu
result L[err] is supplied through the medi umiof

é&e'ﬁ%i@s

t ernnre.

sel ector 51 selects input termnal B, and f

that it is supplied to selector 51 in sanplj
result L[err] is supplied fhrough the nedluﬁt

of delay

so that this nmultiplication result is
The digital signal processinq'apparatus explained in the
present preferred embodiment is osed in a digital musical
instrument as an effector for conducting a'filterinq process
and a ﬁeverberation effecting process which will be explained

hereinbelow.

(1) 0ve=all Composition

Eig. 1 is a block diagram showing the composxtion of an

.elect:onic musical instrument utilizing a digital signal

processing apporatus in accordance with the present
invention. In the figure, refeoence numeral 1 indicates a
keyboard circuit. This keyboarzd cirzcuit 1 generates key-on
signals KON, key codos KC, and key-off signals KOfF, and the
like, in accordance with the operac on af the keyboa rd by a

performer. Reference numeral 2 indicates a tone geaeration

-‘assignment circuit, which assigns the musical tone signal

generated in correspondence with the oep:ession of a key to

any of a plurality of tone goneraoxon channels. The digital
musical iosﬁ:ument in accordance with the preseat invention

possesses 12 tone generating channeis.

Reference numeral 3 indicates a tone colo; parameters
supplier, which supplies ﬁone color paramete:slrelated to
musicgl tones to be generated. This tone color parameters
supplier 3 generates, for example, tone color codes NIC
indicating tone color (a2 piano tone, organ tone, vialin tone, -
or the like) from tone color information A, whxch is
described hereinbelow, and geneﬁates tone color parameters
indicating information relating to tone colors other than

those expressed by tone color codes NTC.



supplied to input terminal B of full adder 57 in sampling RERLACEMENT SHEET
In sanpling clock 0-5, selector 52 does not select an inpul [ermmar; 50
that nothing is inputted into input termnal A of full adder| 54 4 '
sanpling clock 0-6. Accordingly, in sanpling clock 0-6, fu agc?e:hpﬁ '%gzgds
nothing to nultiplication result L[err]y and output it. Thaf ke——t-0—8aymmmI
multiplication result L[err] is outputted in an unchanged panner. In this

case, in sanpling clock 0-5 it is also
Reference numeral 4 indicates a tone generator. Tone

generator 4 is provided with 32 tone generation channels 0-
dlch, and generates digital musical tone signals Qith respect
to each tone generation channel'by means of time shared
operating. Reference numeral 5 indicates a computing part;
tﬁis conducts filtering with respect to musical tone signals
'sﬁﬁpiied’by tone generator 4, and conducts reverberation with
respect to the ocutput signals of a panning ciﬁcuit 13, to be
explained hereinbelow, in parallel and in a time-shared
manner. This computing part S will be explained in detail
hereinbelow. |

Reference numeral § indicates an operation panei
comprising a plurality of operating members; it generates
setting information in accordance'wiﬁh setting operations
applied to these operating memb;:s, and supplies this setting
information to setting part 7. In operation panel §, 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. Setting part 7 transforms the
setting information by means of the tone color information A
indicating tone color numbeks, and outputs this.
Furthermore, setting part 7 creates characteristics daéa in
accordance with the combined contents of the filtering
characteristics and the reverberation, and supplies ;hese
data to operating Signal generator 10._

Filter selector 8 c:éates address signals which are
‘necessary for the readout of the control program which

executes filtering, based on tone color information A from



acceptable for selector 52 to select "0". [2] Calcul ati rﬁ@LAﬁEMENT SHEET
el et 53

Mul tiplication Result L[err] In sanpling clock 0-5,

selects input termnal D. In sanpling clock 0-4, input datj [
read out of reverberating register 56. By nmeans of this, thep

8% g o |

U Ul

are supplied to nultiplier 58 in sanplimg clock 0- 5. FurfheLomre —in

sanpling clock 0-4, selector 54 selects

setting part 7, and supplies these address signals to
operating signal generator 10. Reverberation selector 9
creates address signals which are necessary for the readout
of the control program which executes reverberation
effectiné, based on tone color information A from setting
part 7, and supplies these address signals to operating
signal qene=ato: 10. Operating signal generator 10
designates the operations of the above described computing
part §; 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 paxt S,
are severally supplied to envelope generator 1ll1. Eavelope
generator 11 generates an envelope waveform, multiplies this
by an inputted musical tone signal, and outputé the result.
The musical tone signals having eanvelope waveforms 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 intoc a stereo left signal and right
signal, and supplies these to computing part S.
Reverberation effects are applied to the left siénél and the
right signal in computing part S, and these signals are |
converted to analog signals in digital/analog converter 1l4.
Then, these analog signals are generated as musical Fones as
the output of the digital musical instrument through the

- maedium of two differing speakers 13.

(2) Composition of Operating Generator 10



input terminal C. At this tine, the parameter REV-COEF \A/r\i":ﬁEPii_gzmmTiSi{ET
Cis coefficient Klerr] of operating unjt, 1

to input term na

Fig.

7 (1).

By neans of this, 39 2 2 APR 1998

Négt, 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 201 and readout control circuit
21;. Filtering parameters 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
signals; it then modifies these parameters and address so as
to be synchronous with key-on signal KON and supplies these

to computing part S (see Fig. 1l). Pa:ameter-FLT-Q indicates

the rescnance value of the filter, parameter FLI-fc ind.icates

the cut-off frequency of the filter, aand furthermore, address
FLT-ad indicates the address signal necessary in the |

filtering operation.

Reference numeral 22; indicates a filtering control
signal memory. This memory 22; stores a plurality of coatrol
programs Pl;, Ply, ..., which execute filtering. <Control
programs P1l;, Plz, ..., conduct the time sharing control 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
corr;sponding.to address signals out of filter selector 8.

The address signals generated by reverberation selector
9 are supplied to reverberating parameters suppligr 202 and
readout control circuit 21;. The reverberating para@eters
supplier 203 generates the reverberation parémeters;REVHCOEF
and REV-VOL, as well as the address REV-ad, from the address
signals, characteriétics data, and toné color information A,

and supplies these parameters and address to computing part



-

coefficient Klerr] is supplied to nultiplier 58 in sanpling ._C| [ %?LAEE@IENT SHEE‘F

Accordingly, in sanpling clock 0-5, coefficient Klerr] and i
E[err] are supplied to multiplier 58, and a nmultiplication rgsglt L[err],
wherein L[err] = Klerr] . Elerr], is calculated. This multiplii gat3 pnAPR 1998
result L[err] is supplied through the megdpum of delay el ementf 3D, so that
this nmultiplication result is supplied to input term nal B off serecror~si—
in sanpling clock 1-0. -

S. Parameter REV-COEF expresses a reverberating operation

coefficient, while parameter REV-VOL expresses the size of
the reverberating output. Address REV-ad indicates an
address signal necessary in the reverberating operation.
Reference numeral 22; indicates a reverberating control
signal memory. This memory 222 stores a plurality of control
programs P2;, P23, ..., which execute :everhé:ation. Thé.
control programs P2;, Pzz; ...y conduct the time shared
control of the selection of the various selectors and the
readout and writing of various registers in computin§ part S.
Readout control circuic 21; reads out, in orzder, control
programs corresponding to address signals supplied by
reverberation selector 9. Accorxdingly, comppting parct S
operates based on the control proérams read out by means of

the above readout control circuits 213 and 21;.

(3) Compositio# of Computing Part 5
Next, with reference to Fig. 3, the composition o:
 computing part S will be e#plained. Computing part S
executes filtering with respect to musical tone signgls'which
- are supplied to input terminal FILT-IN, and applies |
rererberation effects with respect to musical tone signals
which are supplied ﬁo input terminal REV-IN. 'Compu:ing part
S is comprising selectors 51-54, filtering reéister ss,
reverberating register 56, full adder 57, and multip;ier 58.
As stated above, the selecting control of selectors Sl-
S4 and the readout/write control of filtering register S5 and
reverberating register 56 is conducted by means of operating

signal generator 10. The addresses used at the time of



[3] Calculation of Addition Result L[err] In sanpl i ng {RERUACEMENT SHEET
sel ector 51 selects input termnal B. At this tinme, nultiplj gat ‘
L[err] is supplied to input termnal B of this selector, ard dgé
el ement D{err] is connected to the output of this selector.

in sanpling clock 1-1, multiplication resylt Llerr] is sup
termnal B of full adder 57. In sanpling-

readout and writing in filtering register 55 and
:everberatiﬁg register S6 are designated by means of address
FLT-ad supplied from reverberating parameter supplier 204,
and by address REV-ad supplied from reverberating parameters
supplier 203. References Di-Dg indicate delay elements which
delay input of signals for a period corresponding to 1
sampling clock and then ocutput these signals; reference 3D
indicates a delay element having a delay petiod 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 mﬁsical instrument (this will b=.
explained in detail hereinbelow). |

The musical tone signal supplied to inﬁut terminal FILT- -
IN is supplied to inpﬁt terminal B of selector 52. The
output of sélecﬁor 52 is inputted to input terminal A of full
adder 57 through the medium of delay element Di. The output
of full adder 57 is supplied to envelope generator 1l (see
Fig. 1) £from output terminal FILT-OUT thorough the medium of
delay element Dz, and is supplied to digital/analog converter
14 (Sée Fig. 1) through the medium of output terminal REV-
OQT. .Eurthe:more, the output of full adder 57 is.supplied to
the input terminal A of selector 51, is.supplied to the inpﬁt
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 supp;igd to
the data input terminal of filtering register 55 through the
medium of delay element D4 and is supplied to the data input
terminal of reverberating register 56 through the medium of

delay element Ds.



cl ock 1-0,

sel ect or
fromfull

t hr ough
multiplication result L[err] is suppliet fromselector 52 tho

medi um of del-ay element Dferr], and is supplied to input ternfmar A oOf
adder 57 in sanpling clock 1-1.

BEPLACEMENT SHEET

selector 52 selects input termnal D. At this ti
multiplication result L[err] is supplied to the input term ndl fDof
52. This is because the nultiplication result L[err]

adder 57 and sanpling clock 0-6 is delayed by 2 sa
a

12 pER, 1008

+|ﬁjc

t he medi um of del ay el enments rr] and Dlerr]. By
gh the

The above-described parameters FLT-Q, FLT-fc, REV-COEF,
aﬁd 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 S8 through the medium of delay
element Dg as a multiplication coefficient. The output of
selector 53 is inputted into multiplier S8, and the output of
selector 54, that is to say, the above—described

- multiplication coefficient, is multiplied tﬁe:eby. The
ocutput of multiplier 58 is delayed by 3 sampling clocks in
deiay element 3D, and is then supplied to input te:minai B of
selector 51, and is supplied to input terminal C of the same
Selector after being amplified by 6 dB in amplifier OP.

The output of selector S1 is supplied to ome input
Férminal of exclusive-OR gate 59. Furthermore, an adder-
subtractor control sigﬁal SUB having a value of Q or 1 is
supplied to the other input terminal of equusive-CR gate 59
from operating signal generator 10. This adder-subtractor
control signal SUB includes the cant;ol signals cutputted
from the above described readout control circuits 21; aad 213.

Exclusive-OR gate 59 outputs the exclusive-or value of
the output of selector S1 énd adder-subtractor control signal
SUB. The output of this exclusive-OR gate 59 is supplied to
input terminal B of full adder 57 through the medium af delay
element D¢. A l-bit signal within adder-subtractor control
signal SUB is inputted into full adder 57 though the. medium
of delay element Dy as a carry signal (carrying-oveé signal) .
By means of this, full adder 57 adds the signals supplied to
input terminal A and input terminal B and outputs this value

when each bit of adder-subtractor control signal SUB has a



Accordingly, in sanpling clock 1-1, nultiplication results L[Eg#iﬁgiwﬂﬂhasHEEr
Yy
' 40

are supplied to full adder 57, and addition result L[err], V
= L[err] + L[err], is calcul ated. '
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value of 0. On the other hand, when each bit of adder-

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

The above-described left signal and right signal are
supplied to inpué terminal A of selactor 53 through the
medium of input terminal REV-IN. Next, the data read out of
filtering register 55 are supplied to input terminal A of
selector S2 and input terminal C of selector S3 through the
medium of delay element Dg. The data read out of
reverberating register 56 are supplied to input terminal D of
selector S3 through the medium of delay element Djy.

The addresses FLT-ad and REV-ad, which indicate
addresses u;ed at the time of :ea&out/writing, are supplied
to filtering register S5 and reverberating register S6 from
filtering parameters supplier 20; and reverberating
pa:amete:srsupplie: 202, which are shown in Fig. 2.

The computing part 5 having the above composition
functions as a "digital filter” and a "reverberation
effecting circuit” in a time-shared manner. That is to say,
the camﬁuting part 5 executes filtering with respect to the
musical tone signals of the 32 channels supplied by tone
generator 4, and simul;aneously, applies predetermined
reverberation with respect tae the ouﬁput siqnais 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



in the case of the calculation of the nultiplication result
descri bed above, in sanpling clock 0-7, selector 53 ke|] ects input
D, and input data E3 are read out fromreverberatipg|rd ARR 1893
sanpling clock 0-6. By neans of thi4, input data E[err] prp supplied

to multiplier 58 in sanpling clock 0-7.

t er m nal

Cal culation of Multiplication Result L[err] In thel§p 2
REVIACEMEN

SHEET

explained with reference to Fiq; 4. In Fig. 4, references
S1-S4 indicate adder;, and references M;-M3 indicate
multipliers having multiplication coefficients Ki-Kj.
Furthermore, references R; and Ry indicate delays, which have
'delay periods cqrresponding to the sampling period T of the
digital musical instrument. These delays R; and R; are
:eaiized by means of.addressing to filtering register S5 in
compuginq part 5 (this will be explained in detail
hereinbelow) . |

First, the input signal x(t) (t indicates a aumber 0, 1,
2, ..., correspending to each sampling period) of the digital
filter is added to the multiplication result L; of multiplier
M3 in adder S;, and furthermore, the addition result L
thereof is added to the delay.resﬁlt of delay R; in adder Sj3.
In addition, the addition result L3 of adder Sz is multiplied
by coefficient K; in multiplier M;, and the multiplication
result L4 thereof is supplied to the subtraction input
terminal (-) in adder S3. The addition result Ls of adder S3
is multiplied by.coefficient kg in multiplier Mz, and the
multiplication result Lg thereof is supplied to one input
terminal of adder S4, and is supplied to the addition input
terminal (+) of adder S3 and to the input terminal of
multiplier M3 through the medium of delay R;.

In addition, the additioa result L7 of adder S4q is
outputted as output signal X(t), to which filtéring has been
applied by means of the digital filter, and is re&u:ﬁed to
the bther ?nput terminal of adder Sq and to the.othe: input

terminal of adder Sz through the medium of delay Ra2.




R R G DR B i
At this tine, the parameter REV- COEF 45 ' 5?'{3"“1L"'

coefficient E[err] of operating unit : . | By ANk bf atai i ‘
coefficient Klerr] is supplied to muljtijplier 58 in._sanpling TZ #§¥b§p8
Accordingly, in sanpling clock 0-7, cqef d
register E[err] are supplied to nmulti pLl

L[err], wherein L[err] = Klerr] . Eerr],

In the digital filter having this comggéition, if the
addition result of adder Sj is y(t), the delay results of
delays R; and Ry 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 =
K3 » y(t-1) ... {(Equation 1)

(2) Addition result Lz of adder S§; = Li + X(t)

{Squation 2)

(3) Addition result Lj of adder Sz = L2 + X(te-1) ...

(Equation 3)

(4) Multiplication result L4 of multiplier M; = K <+ L3

(Equation 4)

(S) Addition result Ls of adder S3 = y(t) = y(t-1}) - L4
(Equation S)

(6) Multiplication result Lg of multiplier Mz = Kz * y(t)
= K32 « Ls ... (Equation 6)

(7) Addition result L7 of adder Sq = X(t) = Lg + X(t-1)

(Equation 7)

(5) Composition of the Reverberation Effecting Circuit



calculated. This nmultiplication result L[err] is supplied through the

LS

medi um of delay elenment 3D, so that it is delayed by 3 sa v
and is supplied to input termnal B of selector 51 in sa EESRG ME&WSS EET

[5] Calculation of Addition Result L[err] In sampling dlock 1-2,
sel ector 51 selects input terminal B. At .this tine, multiglilcd 20APRe19981
L[err] is supplied to input termnal B of this selector 51.

Next, the composition of the reverberati ! ecting
circuit which is formed in a time-shared'manne: in computing
part S will be explained with reference to Eig.'S. In the
drawing, the reéerberation effecting circuit is comprising
generally initial reflecting tone generator 60 and
reverberating tone generator 61. This initial reflecting
tone generator 60 forms an initial reflecting tone which
indicates the first half portion of the reverhération
characteristics which are to be simulated. In contrast,
:everberating tone generator 61 forms a f£inal 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. S, references Kcl-KC§4 indicate multipliers wh?ch
maltiply inputﬁed signals by cocefficients C1-Caz4,
reSpectively, and output these values. References T1-T7
indicate adders whicﬁ 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;-DM3 are
comprising a single type of shift'reqister, respectively, and

shift the written data in ozxder in eagh sampling period T.
Accordingly, in delay DM;, addition result TC7 is

written into address Aj;, and after a predetermined delay
_period has elapsed, this is réad in addresses Ag—Aluﬂ and
thereby delay dati DC3-0C;¢ having a predetermined delay time
with respect to addition result TC7 can be generated. In the
same way, in delﬁyé DMz and DM3, the addition results TCs and

TCg are written into addresses A; and Az respectively, and




Furt her nor e,
sel ector - 51,

terminal B of full adder 57 in sanpling clock 1-3.

delay elenment Dlerr] is connected to the out put
so that nultiplication result L[err] is suppl
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after a predetermined delay period has elapsed, these are
read in addresses Aj;-A;4 and addresses Ajg—-A;g, and thereby,
it is possible to generate delay data DC;3-DC14 and delay data

DCy16-DC13, which have a predetermined delay pericd with

‘respect to addition results TCs and TCs. A detailed

description thereof will be given hereinbelow.

. The reverberation effecting circuit shown in Fig. S can
be divided into the operating units 70-76 shown ian Fig. 6.
The operations of these operating units 70-76 are executed
within a sampling period T, and thereby, it is possible to
conduct reverberation effecting.

The addition results TC;-TC4 in cpérating units 72-76
are temporarily sto:ed'in raverberating register 56 (see Fig.
S): and ad&ition results TCs-TC7 are stored in the same
register i# order to gene:aﬁe delay data. Furthermore, in
operating units 70-72, when the input consists of "X", this
indicates that nothing is inputted; however, a multiplication
coefficient "0" is supplied so that the output of the
corresponding multiplier becomes "0*®. These operating units
70-76.can be further divided into either operating unit; A or
operating units B, which will be described next.

Fig. 7 is a block diagram showing the composition of an
cpe:aéinq unit A; this corresponds to operating units 70-74
in Fig. 6. 'In the same manner, Fig. 8 is a block diagram
showing the composition of an operating unit B; this.
corresponds to operating units 7S5 and 76 in Fig. 6. By
operating these operating units A and B in order, the
revérberatlnq effecting c;:cuit shown ian Fig. 5 can be

equivalently formed,



41 -~ In sanmpling clock 1-2, selector 52 selects input ﬂf
this time, addition result L[err] is supplied to input term
sanme sel ector 52. This is because the addition result L13 I gh NS
outputted by full adder 57 in sanpling clock 1-1 is del ayed jb fygaﬂﬁﬁ 1898
cl ock through the nmedium of delay elenent Dierr]. By neans (f S
addition result L[err] is supplied fromt8el ector 52 through|the nmedi um of

Next, the composition of the operating unit A which
corresponds to operating units 70-74 will be explained. As
shown in Fig. 7, input data E; is multiplied by
multiplication coefficient K4 by means of multiplief M4 and
the multiplication resuit L1y thereof is supplied to one input
terminal of adder Ss. Furthermore, input data Ez is
multiplied by coefficient Ks in mulﬁiplier Ms and the
multiplication result Lj; thereof is supplied to the other
input terminal of adder Ss. Furthermore, in adder Ss,
multiplication results Lj;; and Ljz are added, and the addition
result Lj3 thereof is supplied to one'input terminal of adder
S¢. Input data E3 is multiplied by coefficient Kg in
multiplier Mg, and the multiplication result Liq is supplied
te the other inpﬁt terminal of adder_ss. In adder Sg.
addition result Li3 and multiplication result L4 are added,
and the addition result Lis thereof is supplied to one input
terminal of adder S7. Input data E4 are multiplied by
coafficient K7 in multiplier M7, and the multiplication result
Lig thereof is supplied to the other input terminal of adder
S7. In addition, in adder S7, addition result Lis and
multiplication result L15 are added, and the addition result
Li7 thereof is ocutputted as output data F;. That is to say,
input data E;-E4 are multiplied by coefficients Kq-K7,
respectively, in multipliers M4-M7, and the sum of the
multiplication results thereof is outputted as outpu:.data
L. .

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



del ay el ement Dlerr], and is supplied to the input termnal A gfsferd -
REPLAGEMENT SHEE

adder 57 in sanpling clock 1-3. Accordingly, in sanpling clocK
~addition result L13 and nmultiplication result L[err] are supp
57, and an additional result L[err], wherein L[err] = L[|er}r]e 1998
I s cal cul at ed. [6] Calculation of Miltiplication Redulijt %?ePFF
In the sane manner as in the case of the ﬁﬁltiplication

ada to rart

'unit A correspond in the following manner in operating unit
70. |

That is to say, input data E; correspond to the left
signal, input data E; and Ej3 correspond to addition results
TCy; and TC3, and furthermore, input data E4 correspond to "X"
(as explained above, nothing is inputted). Addition results
TCy and TC3 are tempora:i;y stored in reverberating register
56, so that readout is conducted at the necessary timing. In
addition, output data F; correspond to the left output, which
is outputted to the digital/analag coaverter 14 as the left
signal, to which reverberation has bsen applied.

- In the same manner,.the various data in operational unit _
A correspond in the following manner in operational unit 71.
That is to say, input data E; correspond to the right signal,
input data E; and E3 correspond to the addition results TC;
and TC4, and furthermore, input data E4 correspond to "X". In
addition, output data F; correspoad to the right output, and
are supplied to the digital/analog converter (see Fig. 1l).

Furthermore, the various data in operating unit A
correspond in the following manner in operating units 72-74.
That is to say, the input daca E; ih_operatinq unit A
correspond to the left signal and to the delay data DCy and
DC3, respectively, in operating units 72-74, input data E;
correspond to the riéht signal and to delay data DC4 and pcs,
respectively, input data Ej correspond to "X", and tp delay
data DCg and DC7, respectively, and furthermore, input-data Eg
correspoad to "X", and to delay data DCg aand DCg,

respectively. Delay data DC3;~DCy are read out and supplied by

means of the designation of predetermined addresses from



results L[err], L[err], and L[err], in sanpling clock 1-1, selector 53

selects input termnal D, and in sanpling clock 1-0, input d
read out fromreverberating register 56. By neans of this, i pREBRKU NT SHEET
clock 1-1, input data E4 are supplied to multiplier 58. ur t her nor e,

In sanpling clock 1-0, selector 54 selects input termnal C {A ) .Wﬁm
t he paraneter REV-COEF which is supplied200 input terminal (i 2"2 APR
coefficient Klerr] of operating unit A (see Fig. 7). As a repultom=tn

sanpl i ng

reverberating register S6 (see Fig. 3). Furthermore, the
output data F; in operating unit A correspond to addition
results TCy, TCp, and TC,, respectively, in operating units
72-74, and these are written into predetermined addressés in
reverberating register S6.

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

As shcwn-in'fiq. 8, input data Eg is mnltiélied by

| coefficient Kg in ﬁultiplier Mg, and the multiplication result
Lig thereof is Supplied to one input terminal of addei 33.
Furthermore, input data Eg are multiplied by coefficient Kg in
multiplier Mg, and the result thereof is supplied to the
other input terminal of adder Sg. Then, in adder Sg, the
multiplication results Lig and Ljg are added, and the addition
result Lpg therxeof is outputted as output data Fz. Input data
E7 and Eg are multiplied by coefficients Ko and Kii in
multipliers M;q and M;3, respectively, and furthermore,
maltiplication results Liz; and Lzz are added in adder Sg,:and
the addition result L33 thereof is outputted as cutput data
F3.

The input data Eg—~Eg in operating unit B cor:eséond to
‘'delay data DCig, DCyq, DCig, and DCig, respectively, in
opeiating unit 75, which is shown in Fig. 6. In cperating
uait 76, these input datﬁ cérrespond ﬁo delay data DCi2, DCisg,
DC;3, and DC;7, respectively. These delay data are read out
of predetermined addresses in reverberating register S6.
Furthermore, the output data F; and ©3 in operating unit B

correspond to addition results TCs and TCg, respectively, in



clock 1-1, coefficient Klerr] is supplied to multiplier 58.
Accordingly, in sanpling clock. 1-1, coefficient Kl err] and
are supplied to nultiplier 58, and a nultiplication result

BEB%CEMEMT&! EET

wher ei n

L[err] = Klerr] . Elerr], is calculated. This rrultiplication reg@mmw

I's supplied
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operating unit 75. Furthermore, in operating unit 76, these
output data correspond to addition results TC3 and TCq4,

respectively, and these addition results TCy - TCs are written

into predetermined registers in reverberatiné register 36.
Next, operations at the time of readout/writing of
reverberating register S6, and the generating principle of
the various delay data DC3-DCy;q, DC3;2-DCi4, and DCy4-DCig by
means of delays DMy, DMz, and Dug,'will be explained. The
addition result TCy shown in Fig. S is written into address A;
of delay DM;. This indicates that the contents of the
address REV-ad which was designated in reverberating registexr
$6 in Fig. 3, has a value of "A;". That is to say, the
a&dition result TCy of operating unit 72 in Fig. 6 is written

into address A; in reverberating register 56. In the same

way, the addition results TCs and TCgs of operating unit 75 are

written into addresses Aj; and Ajs in reverberating register
56.

Next, the addition result TC7 which is written in
address A; is read into addresses Az-A;q in operating units
73-75 as delay data DC3-DCyjq. At this time, the relationship
between address A; and addresses Az-A1g can be expressed in
the manner shown below.

Az = Ay + d3,
A3 = Ay + d3,

-A1g = Ay ¥ diqg.

Reverberating register S6 is a shift register which

shifts the data stored therein in the direction of increase



42  through the nedium of delay elenent 30, so that it is ;HEPLAQ%EMtQHEET
I nput termnal B of selector 51 with a 3- sanpling clock defay—mmn :

sanpling clock 1-4. [7] Calculation of Addition Result L[é¢rg]-
sanpling clock 1-4, selector 51 selects input 22 APR %
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of the addresses during each sampling periqd T. That is to
say, the addition result TCy written in address A; is moved to
address (A1+l) after one sampling period. Accordingly, the
delay data DC3 wﬁich were read out of address Az (= Ay + dj)
are data which delay addition result TC7 by a period of time
equivaleat to dz X (sampling period T). Furthetmore, delay
data DC3-DCiq are data which delay the addition results TCy by
a period equivalent to.(dg, d4, ..., dig) X (sampling period
T), respectively. The delaying principle of delays DM; and
DM3 is identical to that of D¥M;.

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 reéiste: 56 by *1" each
sampling period, and the result of this count is added to the
addresées Ai1-Aj9. By means of this, even if it appears that
writing/readout is being conducted in the same address, the

actual address is moved in each sampling pericd.

On the other hand, the addition results TC;, TCz, TCs,
and TC4 of operating units: 73, 74, and 76 (see Figi 6) are
written into reverberating register 56 for the purpose of
temporary storage. Here; the address given to address REV-ad
is, respectively, Aig, Azg, A1, and Azz. After the addition
results TC3;-TC4 have been written into addresses Ajpg—-Az2,
respectively, it is possible to read out the same addition
results without delay if readout is conducted from the same
addresses Apg-Azz in the same sampliné 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



terminal B. At this time, nultiplication result L[err] is sREﬁﬂA&EMENI SHEET

I nput termnal B of selector 51. Furthernore, delay elenent pFerri—Ts t |
connected to the output of selector 51, 'so that the nmultip|i aéggu“ﬁfggﬁg
is supplied to input termnal B of full adder 57 in sanplihg|c L O
In sanpling clock 1-4, selector 52 selects input termnal L LAL.Lhis ti
addition result L[err] is supplied to 2i’nput termnal C of pelector 52.

This is because addition
which readout is first ccnducﬁed and then writing is
conducted, the data which are read out are those data which
are written in the immediately previous sampling period;
however, this does not present an obstacle in the case of
reverberation.

Filtering register 5SS comprises a shift register or a
pseudo-shift register formed by means of RAM, and the
operations at the time of readout/writing are identical to

the operations of reverberating register S56.

{(6) Outline of Operations
In a digital mmusical iﬁstrument 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 generator 4 wh;ch'are capable of tone
generation assignment, that is to say, channels which are ia
a tone generation stand-by status. At thi# time, tone
generation assignment circuit 2 supplies key-on KON and key
code KC with respect to an empty chanﬁel, 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.heen issued Eo this channel so that the present

tone generation is caused to decay (damping process), key-on



result L[err],
1-3, is delayed by I
Derr]. By neans of this,
t hrough the nedi um of del ay
termnal A of full adder
sanpling clock 1-5, addition result LRé&rr]
L[err] are supplied to full adder 57,
wherein L[err] = L[err] + L[err], is

whi ch was out putted from ful
sanpling clock through the nmedium of dela
the addition result
el enment Dferr],
57 in sanpling clock 1-5.

clack

adder 57 in sanplinpg

Is supplied froms
and is supplied to
Accor (
and multiplication
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and an addition result Lfjerr],

KON and key code KC are supplied. Here, key-on KON is
provided 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 parameters to tone generator 4 and egvglope generator
11. Then, the channel iﬁ_tone generator 4 which was’assigned
by means of tone generation cirzcuit 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 code KC, from the initialization cf key--
on KON. In this manner, differing musical signals
corresponding to 32 channels are generated in tene generator
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 showigq a tone
color number from this setting infoﬁmation, and supplies this
to tone color pazameter'suppiie: 7, filter selector 8,
reverberation selector 9, and operating signal generator 10.
Furthermore, setting part 7 creates performance data based on
the setting information from operating panel 6, and supplies
this performance data to operating signal 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 P, P2, ., by means of tone



calcul ated. This addition result L[err] is delayed by 2 sanplimng cl ocks

t hrough the nmedium of delay elenents Dierr] and Dlerr], and is U] —-
into reverberating register 56 as output data F[err]. The _gﬁﬂ“ENT'SHEE
unit A, which obtains each of these operation results L[err] -JUerr] 1n
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this manner, corresponds to the 25

—————

color information A, and furthermore, in accordance with the
control sampling clock, the address of the coatrol proqrém is
updated by a value of "1l" each time. Here, if the size of
one control program is 256 steps, the control sampling clock
is supplied at periods correspoanding to 1/256 of samplihg
period T. That is to say, the cycle of one coantrol p:ogram-
is completed in one sampling period. In the same manner, ia
reverberation selector 9, the control program which is to be
read out is selected from among the plurality of control
programs for reverberation P21, P22,_..., by means of.tone
color information A, and in aécordance with the control
sampling clock, the control program address is updated by a
value of "1%~.

In Figq. 2,'filterinq parame:é:s supplier 20; supplies
filtering parameters FLT-Q and FLT-f¢ in order based on tone
color information A and in correspondence with address
signals. These filtering parameters FLT-Q aad FLT~fc are
synchronized with the selected control program for filtering
and supplied, and are supplied so as to correspond to the
coefficients Ki1~K3 (see Fig. 4) for each channel.

In the same manner, reverberating parameters suppliér'
202 supplies feve:beratinq parameters REV-COEF and REV-VOL in
order based on tone color information A and performance data,
in correspondence with address signals. These reverberating
parameters REV-COEF and REV-VOL are synchronized with the
selected control program_fo: reverberation and afe'supplied,
and are supplied in such a manner as to correspoad to

coefficients K¢-Ki; (see Fig. 7) for each channel.



43 operating units 70-74 which are shown in Fig. 6, and as shown in Fig.
9, these are operated in 3-block periods.- For exanpl -
processing of an operating unit 73 using an operating unitmmwmmwﬂ

at the readout

timngs of the input data E[err]-E[err] injoderating unit

A, the respectively corresponding delay data DJ err], DJ drr{ ,? RCAPR 1398

and D[ err]
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Filtering based on the caorresponding Eilterihq
paramete:s.described above ié conducted in cbmputinq part §
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
circuit 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 S, and téen these signals azge
converted to analog signals in digital/analog converter 14,
and tone generation is conducted through the medium of

speakers 15.

(7) Operation of Computing Part S

In computing part S5, as explained above, filtering is
conducted with respect té the musical tone signals of each
tone generation chﬁnnel generated by means of tone generator
4, and reverberation effecting is conducted with respect to
the left and right signals divided by means of the panninglﬁ:
circuit 13; these are conducted withia 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. As shown in'ﬁhe diagram,
sampling period T is divided into 32 equal blocks. Numbers
"0;-"31“ corresponding to_each tone generation channel are

assigned to these blocks.



are read out fromreverberating register 56. This is condu R ﬁ?SSHEET
desi gnating addresses Alerr], Alerr], Alerr], and Alerr] a :

REV-ad. Furthernore, the coefficients Klerr]-Klerr] of par t er REV- COEF
are supplied as coefficients err], CJerr], Cerr], and Cle{r 2 APR 1938
operating unit 73, at each supply timng. Furthernore, thejoytput data
Flerr] of operating unit A are tenporarily stored in reverperating
register 56 as addition result TCerr] of operating unit 7 Lo the

sanme nmanner, when the processing of operating :
The filtering which is executed with respect to each

tone generation‘cnannel 0-31lch is conducted so as to be

~ delayed by 1 block in a 3-block period. That is to say, the
filtering conducted with respect to the musical tone signal
in channel QGch i# conducted dﬁring the 0-2 block perio#, and
the filtering conducted with respect to the musical tone
signal in a channel n ch (n represents an integer within a
range of 0-31) is conducted so as ﬁo be delayed by 1 block
with respect to the processing of the channel (n-li ch.

The processing of each operating unit 70-76 which
realizes reverberation effecting is conducted so a3 tg be
delayed by 1 block within ; period of 3 blocks. That ié to
say, in reverberation effectinq, first, the processing of the
operating unit 70 using operating.unit A is ?ondncted in ‘the
0-2 block period, and next, the processing of the operating
unit 71 is conducted with a 1 block delay with réspect to the -
processing of operatin§ unit 70. “Hereinafter, in the same
manner, the processing of the operating unit 74 using
operating unit A is conducted with a l-block delay with
respect to the cperating unit 73. MNext, the processing of
the operating unit 75 using operating unit B is conducted
with a l-block del§y 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 7S5.

The actual processing number of the ope;atinq units
conductiné'reverheration 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



unit 74 which uses operating unit Ais conducted, at the rea

of input data E[err]-E[err] in operating unit A the respectlﬁszACﬂMENT SHEET
correspondi ng delay data DC[err], DCerr], Dl err], and DC[erg] { are read
out fromreverberating register 56. This is conducted by neapgs of22 APR 1998
designating the addresses Alerr], Alerr], . Alerr], and Alerr]jag address
REV-ad. Furthernore, the coefficients2B4- K[err], which are parameter

REV- COEF, are supplied at each supply timng as coefficientsjClerr],

Cerr], CJerr], and Jerr] in operating unit
execution was limited to the 7 operating units 70-76 which

were described above.

In conclusion, in a sampling period T, a control program
comprising 32 consecutive blocks is exeéuted. This control
program is executed in such a manner that the filtering with
respect to the musical tone signals of the channels 0-31 ch
and the operations of operatihq 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 whichk is
formed in computing part 5 will be explained. In the
explanation of this dpezation, the case in which filte:ing.is
executed with respect to the musical tone signal of the Qch
channel will be used as an example. Fig. 10 shows a coatzol
program, which executes_filtering with respect to the musical
tone signal of the Och shown in Fig..s, as . a timetable.
Furthermore, to explain in greater detail, the selection of
selectors 51-54 and the control of filtering register S5 in
computiﬁq ﬁart S is expressed as a timetable. The adding
timing of full adder S7 and the multiplication timing of
multiplier S8 have no relatioaship to the operation of the
control program; however, they are shown 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. Asla result, in a sampliag
period 1T, a control program haviang 256 (32 blocks X 8

sampling clocks) steps is executed. Accordingly, in a



74. Then, the outpUt data F[err] of operating unit A are te I
stored in reverberating register 56 as addition result T([er ELRCEMENT'SHEET

operating unit 74. ' Next, the operations at the tinme of jthe conducting
of the processing of operating units 70-72 (see Fig. 6) by rfegn<2 20APR 1958
operating unit Awll be explained. In this case, the

29

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.
Hereinﬁelew, 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 S executes each operation (1]-(7]
'descrihed below in accordance with the timetable shown.in

Fig. 10, and finds the operational results Lj-L7 of the

digital filter (see Fig. 4).

{1] Calculation of Multiplication Result Ly
First, as shéwn in Fig. 10, in sampling clock 0-3,
address FLf-ad is supplied from filters parameter supplier
.201 (see Fig. 2) as a readout address, and y(t-1), which is
-the delay data of delay R; (see Fig. 4) is read out of
filtg:inq register 55. This data y(t-1l) was writtea as delay
R; one sampling period prior to thg present time t. That is
to say, delays R; and Ry 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 pe;icd T. The data
y(t-1) are &elayed by one sampling clock by means of delay
element Dg (see Fig. 3), so that these data are supplied to
selector 53 during sampling clo;k 0-4.
Next, in sampling clock 0-4 (see Fig. 9), seléctor 53
‘selects input terminal C. By means of this, data y(t-1) are

supplied to multiplier 358.



44 differences with the above-described operating units
the fact that input data E[err] in operating unit A conpr
in operating unit 70 and 72, and conprise a right signal
71. In the tinmetable shown in Fig. 10, in sanpling cl
sel ector 53 selects input termnal D. However, in
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nd 74 I!e in
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In sampling clock 0-3, selector 54 selects inpu
terminal A. The data supplied to this input terminal A
correspond to coefficient Kj ih Fig. 4, and in sampling clock
0~3, these data are parameter FLT-Q, which is supplied from
filtering parameters supplier 20;. 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 S8 so that the
multiplication':esult L, shown in equation 1 is calculated.
Multiplication result L; is supplied to input terminal C of
Selector 51 through ﬁhe medium of delay element 3D and
amplifiers 0P, in cxder. That is to say, multiplication
resulﬁ Ly is amplified by'+6 dB during sampling clock 0-7 and

is supplied tb_input terminal C of selector S1.

(2] Calculation of Addition Result L;

In sampling clock 0-7, selector 51 selects input
terminal C, and selector 52 selects input terminal B. By
means of the selection of selector 51, mﬁltiplication result
Ly is supplied to input terminal B of full adder S7 through
the medium of exclusive-OR gate 59 and delay element Dg.
Furthermore, the signal supplied to input terminal FILT-IN is
digital filter input signal x(t), and by means of the
selectidn of selector 52, this is supplied to input terminal
A of full adder 57 through the medium of délay eleﬁént D;:.

Here, multiplication result L; and input signal x(t) are
supplied through the media of delay elements Dg and D3,

respectively, so that they are supplied during sampling clock



accordance wth the points of difference nentioned above,
processi ng of operating units 70-72 is conducted, the sel
input termnal A At this time, panning circuit 13 (see F
a left signal when operating unit 70 or 72 is executed, a
right signal when operating unit 71 is gxecuted, and supp
t hrough the nediumof input term nal REV-IN When th
operating unit 72 is conducted,

gf 1) generates
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1-0 to full adder 57. Accordingly, the addition result Lj

shown in equation 2 is calculated.

(3] Calculation of Addition Result L3

Next, in sampling clock 1-1, selector 51 selects iaput
terminal A. At this time, the addition result Lz calculated
by means of full adder 57 in sampling clock 1-0 i§ delayed by
1 sampling clock by means of delay element Dz and is supplied
to input terminal A of selector 51. By means of this,
addi;ion result Lz is supplied to input terminal B of full
adder S7 through the media of exclusive-OR gate 59 and delay
element Dg.

In sampling cloqk l-d, the data X(t-1) of delay Rz which
were written in the immediately pfevious sampling period are
read out of filtering register 55. These data ﬁre delayed by
1 sampling clock by means of delay element Dg, so that they
are supplied in sampling clock 1-1 to input terminal A of
selecto:'sz. In'samplinq'clock 1-1, seiector 52 selects
input terminal A, so that data x(t¥1) a?e supplied to input
terminal A of full adder 57 through the medium of delay
element Dy. That is to say, addition resulﬁ Lz and data X(t- ]
i) are supplied through the medium of delay elements Dg and
D1, respectively, so that they are supplied 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’ Lg
Next, in sampling clock 1-3, selector 53 selects input

terminal B. At this time, the addition result L3 calculated



t he i nput data E2 in operating unit A conprise a right si gnaﬁFplaMoEMENT SHEET

sanpling clock 0-5, selector 53 selects input -termnal A |Ih pperating

units 70-72,

the input data E4 and the multiplication coeff|c|ept2 viPRHIE

multiplied by the input data E[err] in operating unit. A havg yalues of "X

be.nade of

respectively. In the cake in which a represeptatfom T3 10
the processing of operating units 70-74 by neansjof operating

in sanpling clock 1-1, a selection signal is not

by means of full adder 57 in sampling clock 1-2 is delayed by
1 sampling clock by means 6E delay element D2 andiis supplied
to input terminal B of selector 53, so that this addition
.result is supplied to mnitiplier s8.

In sampling clock 1-2, selector 54 selects input
'términal 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 parameﬁers supplier
20; in sampling clock 1-2. These data are supplied in
sampligg clock 1-3 to multiplier S8 through the medium of
delay 2lement Dg.

Accordingly, in sampling clock 1-3, addition result L3
and coefficient K; are supplied to multipliér 58, so that the
multiplication_result Lq.shown in Equation 2 is calculated.
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.

[SIICalculation of Addition Result Lg _
Next, in sampling clock 1-6, selector S1 selects input
terminal B. As a result, multiplication result L4 is
supplied to input terminal B of full adder S7 through the
medium of exclﬁsiv;~OR gate 59 and delay element Dg. At this
tiﬁe, each bit of adder-subtractor control signal SUB -
acquires a value of "1", so that the subtraction processing
of input terminal (A-B) is coaducted in full adde::ﬁ?.
Furthermore, multiplication result Lq'is supplied through the

medium of delay element Dg, so that it is delayed by 1



supplied to selector 53. In this case, the selection of an i Eei—t-effi-frad——
In selector 53 is indetermnate. However, in the present préﬁﬁﬁﬂéﬂEMENT'SHEET

enbodi ment, in sanpling clock 1-0, the value of the coefficigntf"R[ErT]

which is supplied as parameter REV-COEF to input terminal C df s?e?c?\?r\. %ﬂ
is set to a value of "0" in accordangg with the nmultiplicatign |cdefflCieft

in

sampling clock from sampling clock 1-6 and is supplied to
full adder 57 in sampiing clock 1-7.

In sampling clock 1-5, the data y(t-l) of delay R; are
again read out from filtering register SS. In sampling clock
1-6, selector S2 selects inpuﬁ terminal A. The data y(t-l)
are supplied through the medium of delay elements Dg and D; 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.

Accordinqu,_in sampling élock 1-7, multiplication
result L4 and data y(t-l) are supplied to fulli adder 57, so
that the addition result Lg shown in equation § is
calculated. This addition result Ls is outputted through the
medium of delay elgmenﬁ'bz, so that it is.supplied to
selector 53 in sampling clock 2-0. Furthermore, addition
result Ls is supplied through the medium of delay elemeat D¢
so that.it is supplied to the data input terminal of
filteriné register S5 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 f(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 addres; and the
readout address are identical. That is to say, in sgmplinq
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 c#used by the fact that the order of

writing and readout is reversed.



45 operating unit- 70. As a result, because coefficient Klerr] is
suppl i ed through the nedi um of delay elenment Dferr], this cog | 9
supplied to nultiplier 58 in sanpling clock 1- 1. By neans of | nggiﬁ'SHEET
multiplication result of the nultiplier 58 becones "0", and thijs is the
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(6] Calculation of Multiplication Result Lg

Next, in sampling clock 2~0, selector 3 selects input
terminal é. At this time, the addition result Ls is supplied
tq input terminal B of the same selector, so that the
addition result is supplied to multiplier S8.

In sampling clock 1-7, selector 54 selects input
terminal B.- By means of this, the parameter FLT-fc which was
supplied from filtering parameteré supplier 20; to the input
terminal, is supplied to multiplier 58 through the medium of
delay element Dg in sampling clock 2-0. This parameter FLT-
fc corresponds tc the coefficient Kz shown in Fig. 4.
Accordingly, in sampling clock 2-0, addition result Ls and
coefficient Kz are supplied to multiplier S8, so that the
multiplication result Lg shown in Equation 6 is caléulated.
This multiplication result Lg is.supplied throuqh the medium
of delay element 3D, so that it is supplied to selector 51 in

sampling clock 2-3.

(7] Calculation of Addition Result L7

Next, in sampling clock 2-3, selector 51 selects input
terminal B aﬁd selector S2 selects input terminal A. At this
time, the multiplication resul; Lg is supplied to selector
51, so that this multiplication result is supplied to iaput
terminal B of full adder S7 through the media of exclusive-OR:
gate S9 and delay element Dg. That is to say, multiplication

result Lg is supplied to input terminal B of full adder S7 in

sampling clock 2-4;



result L[err] in operating unit A In the sanme manner,
data E[err] of the operating wunit A corresponding to operatin
the multiplication coefficient nultiplied by this input data [
val ues of "X' and "0", respectively. In-this case, in sanpli
a selection signal is not supplied to selegigor 53, and in sa
0-6, the coefficient Klerr] . which is supplied as paraneter

i nput term nal
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In sampling clock 2-2, data X(t-1l) of register R; are

read out again from filtering register SS5. These data are
supplied through the medium of delay element Dg, so tﬁat they
are supplied to input terminal A of selgctor S2 in sampling
clock 2-3. At this time, selector 52 selects the input
terminal stated above. As a result, data X(t-1l) are supplied
through the medium of delay elemegt Dy, so that they are
supplied to input terminal A of full adder 57 in sampling
clock 2-4.

Accordingly, in sampling clock 2-4, multiplication
result Lg and cata X(t-l) are supplied to fuil adder 57, so
that the addition result L, shown in equation 7 is
calculated. This addition result L; is supplied through the
medium of delay elemené D2, so that this is cutputted from
.autput terminal FILT-OUT in sampling clock 2-5 through the
.medium of delay element D4. As a result, in sampling clock
2-6, this is supplied .to the data input terminal of filtering
register 5S.

At this time, addition result Ly is written into
fi;tering register 55 as data X(t) of a new delay Rz. Here,
the data written as X(t) are read ouﬁ in samﬁling clock 1-0
and sampling clock 2-2 with a 1 sampling period delay as data
x(t-l). However, in this case as well, the writing address
and the réadout 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

conteats.,



of selector 54 has a val ue of " 0", in accordance with the mIREHtIA[}EMEI\ﬁhSHEET
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in operating unit 70. As a result, this coeffici
suppl i ed t.hrough the nedium of- delay element Derr], so that

coefficient
mul tiplication. result of multiplier 58 bgcones "0". This is}t

coefficient

—

is supplied to multiplier 58 in-sanpling clock (-

% 24APR19%8

multiplication result L14 in operating unit A I n thisfnanner, in the

present preferred enbodi ment, the coefficients Kl err] and K

[ r r. REY-
supplied as pa anet%n t§¥s 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 generation channel Och described above
and as shown in Fig. 9. Hereinafter, in the same manner, the
filtering with resﬁect to the musical tone signal éf a
channel n ch is conducted in such a2 manner as to be delayed
by 1 block with respect to channel (n-l) ch. As a result,
for'example, in the period of the block number 2 shown in
Fig. 9, the filtering of the muéiéal—signais of channels 0-
2ch proceeds simultanecusly and without hindrance.

The filtering algorithm of the 32 channels is identical
for each tone generatioh channel. However, differing
f#ltering parameters are supplied from filtering parameters
supplier 20, fob each tone generation channel, so that
individual filtering can be executed with respect to the

musical tone sigﬁals of the 32 channels.

(9) Operation of the Reverberation Effecting Circuit

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

reference to Fig. 10. Here, in order to simplify the

Bt e G meend



COEF, are given values of "0" at supply timngs thereof, aA%EP
processing of the input data "X" and the nultiplication cpefficient "0" iln
operating units 70-72 is acconplished. Furthernore,} the2 2 APR 1558
mul tiplication coefficients C23 and C24 in operating unitk ¥O0 and 71 are
supplied to the multipliers TCerr] and Jgerr], which defermne the size
of the left 'and ri ght o

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
exscuting reverberation effecting. To explain in greater
detail, the selection of selectors 51-54 and the control of
reverberating register 56 in computing part S is displayed in
terms of a timetable.

The operating units which execute the reverberation
effecting circuit are comprising, as in the case of the
filtering described abo&e, 3 blocks "Q0"-"2", Each block
comprises 8 steps (sampling clocks). Computing part §
executes the operations [(1]-(7] described hereinbelow, and
obtains the various operational results Ljij-Li7 of operating

unit A (see Fig. 7).

(1] Cal;ulation of 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 E;, which were read out of reverberating register 56 iﬁ
sampling cloék 0-1, are supplied to input termiﬁal D of
selector 53 through the medium of delay element Dg. As a
result, these input data are supplied to multiplier s8.

In_samplinq clock 0-1, selector 54 selects input
terminal C. At this time, the parameter REV-COEF from
reverberating parameters suppliers 202 is supplied to iaput
terminal C as coefficient K4 of operatiag unit A, and is
supplied in sampling clock'o-z to multiplier 58 th;ouqh the

medium of delay element Dg (see Fig. 23).
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and 71 by neans of operating unit A, nultiplication coeffic|ept

C24 are supplied not as ?P&Pﬂ”}%

Js

Accordingly, in samplinq.clock 0-2, coefficient K4 and
input data E; are supplied to multiplier 58, and a
multiplication result L;;, wherein Li; = K4 °* Ei, is
calculated. This multiplication result Lj; is supplied
through the medium of delaying element 3D, so that it is
supplied to selector 51 inlsampling clock 0-5. At this time,
selector 51 selects input terminal B, and furthermore,
multiplication result Lj;; is supplied through the medium of
delay element Dg, so that this multiplication result is
supplied to input terminal B of full adder S7 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 A of full adder 57 in saﬁplinq 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, multiplicatioﬁ result Lij; is outputted in an uachanged
manner, In this case, in sampling clock 0-5 it is alsc

acceptablé for selector 52 to select "0".

(2] Calculation of Multiplication Result Lji2

In sampling clock 0-5, selector §3 selects input
terminal D. fn sampling clock 0-4, input data Ez are read
out of reverberating register S6. By means of this, these
input data are supplied to multiplier 58 in sampling.clock 0-
S. Furthermore, in sampling clock 0-4, selector 54 ‘selects
input terminal C. At :his time, the parameter REV-COEF which

is supplied to input terminal C is ;oefficient Ks of

operating unit A shown in Fig. 7 (1). By means of this,



par amet er REV- COEF, but rather as coefficient Kl err] of paranenﬁy RENL\Q
Accordingly, in representing the processing of operating unit ﬁgp@ﬁ Eﬁﬁmﬁ‘SHEE
of operating unit A, the situation is different fromthat shoyn
11 in that selector 54 selects input terninal Din sanpling cljo k
in sampling clock 0-5, nultiplication cd8fficient C23 is supp
I nput termnal D of selector 54 as coefficient Klerr] of

coefficignt Ks is supplied to multiplier 58 in samplifg-CloCKe.e. .
0-S. |
Accordingly, in sampling clock 0-5, coefficient Ks and
input data Ez; are supplied to multiplier 58, and a
multiplication result Liz, wherein Ljz = Ks ¢ E3, is
calculated. This multiplication result Liz is supplied
through the medium of delay element 3D, so that this
multiplication result is supplied to input terminal B of

selector S1 in sampling clock 1-0.

[3] Calculation of Addition Result L3

In sampling clock 1-0, selector 51 selects input
terminal B. At this time, multiplication result Ljz is
supplied to input terminal B of this selector, and delay
element Dg is connectedlto the output of this selector. As a
result, in sampling clock 1-1, multiplication result Liz is
supplied to input terminal B of full adder 57. In sampling
‘clock 1-0, selector 52 selects input terminal D. - At this
time, multlplication result L;; is supplied to the input
terminal D of selector 52. This is because the
mazltiplication result Ly outputted from full adder S7 and
sampling clock 0-6 is delayed by 2 sampling clocks through
the medium of delay elemenﬁs D2 and D3. By means of this,
multiplication result Ljj is supplied from selector 52 though
thelmedium of delay element Dy, and is supplied to input
terminal A of full adder 57 in sampling clock 1-1. .
Accordingly, in sampllnq clock 1-1, multiplication results Lii

and Lj; are supplied to full adder 57, and addition result

Li3, wherein Ly3 = Lj; + L2, is calculated.



par anmet er REV- VOL. In the same way, when the procesé'i- ng.of operating

unit 71 is conducted by means of operating unit A selectd : -
input termnal Din sampling clock 0-6, and nultiplicatior @QiﬂﬂﬁﬁﬂEH

Clerr] is supplied to input termnal D of selector 54 as dogfficient
Klerr] of parameter REV-VOL in sanpling g ock 0-5. I 2 APRni88%
when processing is conducted using operating unit A as a ult of the

di fferences of operating

(4] Calculation of Multiplicacion Result L4

In the same manner as in the case of the calculation of
the multiplication results L;; and Ljz described above, in
sampling clock 0-7, selector S3 selects input_te:min;l D, and
input data Ej are réad out from reverberating register 56 in
sampling clock 0-6. By means of this, input data Ej are
supplied to multiplier S8 in $ampling clock 0-7.
Furthermore, in sampling clock 0-§, seiector S4 selects input
.te:minal C. At this time,_the parameter REV-COEF supplied to
input terminal C is coefficient Kg of operating unit A (see
Fig. 7). By means of this, coefficient Kg is supplied to.
multiplier S8 in sampling clock 0-7.

Accordingly, in sampling clock 0-7, coefficient Kg and
the data of register Ej are supplied to multiplier Sé, and a
multiplication zresult L4, wherein tl; = Kg *« E3, is
calculated. This multiplication result Lj4q is supplied
through the medium of delay element 3D, so that it is delayed
by 3 sampling clocks, and is supplied to input terminal B of
selector S1 in sampling clock 1-2.

(S] Calculation of Addition Result Lis .

. In sampling clock 1-2, selector 51 selects input
terminal B. At this time, multiplication result L34 is
supplied to input terminal B of this selector SI.
Furthermore, delay element Dg is connected to the'outpu; 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.




units 70 - 74, the selection of the selectors 51 - 54 and {| f EET
writing/readout control of reverberating register 56 are ¢ BL&?@MENT SH

fundamentally in accordance with the tinetable shown in Fifg| 11 a @@g
operations of operating unit A are conducted repeatedly in corZZSag d e
wi th the individual operating units 70 - 74. Furt hedndr e, conpuiings
part 5 determines operation results L[er¥q] - L[err] of opdrafing unit B

(see Fig. 8) in

In sampling clack 1-2, selector S2 selecés input
terminal C. At this time, addition result L33 is supplied to
input terminal C of the same selector S2. This is because
the addition result L;j which was outputted by full adder 57
in sampling clock 1-1 is delayed by 1 sampling clock through
the medium of delay element D3. By means of this, addition
result L33 is supplied from selector 52 through the medium of
delay element Dj, and is supplied to the input terminal A of
full adder S7 in sampling clock 1-3. Accordingly, in
sampling clock 1-3, addition resuit L13 and multiplication
result L34 are supplied to full adder 57, and an additional

result L;s, wherein Ljs = Ly3 + L14, is calculated.

(6] Calculation of Multiplication Result Ljg

In the same manner as in the case of the multiplication
results Lij;, Li2, and Liq, in samplinq clock 1-1, selector 53
selects input terminal D, and in sampiing clock 1-Q, input
data E4 are read out from reverherating register S6. By
means of this, in sampling clock 1-1, input data E4 are
supplied to multiplier S8.

Furthermore, in sampling clock 1-0, selector 54 selects
input terminal C. At this time, the parameter REV-COEF which
is supplied to input term;fgi 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 S58.

Accordingly, in sampling clock 1-1, coefficient K7 and
input data 24 are supplied to multiplier 58, and a
muitiplication result L16, wherein L;g = K7 * E4, is

calculated. This multiplication result L;g is supplied
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through the medium of delay element 30, so thac 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 Li7

In sampling clock 1f§, selector 51 selects input
terminal B. At this time, multiplication result Lig is
supplied to input terminal B of selector 51. Furthermore,
'delay eleme;t Dg is connected to the ocutput of selector 51,
so that the multiplication result is supplied to iaput
terminal B of full adder 57 in sampliné clock 1-5.

In sampling clock 1-4, selector 52 selects input
terminal C. At this time, addition result Lis is supplied té
input 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 element Dj. By means of this, the addition result_
is supplied from selector 52 through the medium of delay
element Dj, and is supplied to input terminal A of full adder
S7 in sampling clock 1-5.

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

The operating unit A, which cbtaias eaéh of these

operation results Ly; - Ly7 in this manner, corresponds to the




a) In sanpling clock 1-3, addition résult Ll[err] is witt

reverberating register 56 as output data F[err] b)
1-2, multiplication result L21 has nothing added theretc
52 sel ects not hi ng. QO her than this, conputing part

accordance with the tinetable in Fig.4312, in a manner identTtalr to that
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5 proceeds in

of operating unit A and the operations of operating unit

, B _are repeat.edly

conducted in correspondence with the individual operati
operating units 70-74 which are shown in Fig. §,

tng units 75 and 76.
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 E;~E4 in operating uni

respectively correspoanding delay data DCz, DCgq,

it A, the

DCq, and DCg

are read out from reverberating register 56. This is

conducted by means of designating addresses 23,

A4, Ag, and Ag

as address REV-ad. Furthermore, the coefficients K4-K7 of

parameter REV-COEF are supplied as coefficients

Cs, c7' C9r

and ;1 in operatiag unit 73, at each supply timing.

Furthermore, the output data F; of operating unit A are

temporarily stored in reverberating register 56

regsult TC; of operating unit 73.

In the same manner, when the processing of

as addition

cperating

unit 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,

pCy, and DCs

are read out from reverberating register 56. This is

conducted by means of designating the addresses

A3, As, A7,

and Ag as address REV-ad. Furthermore, the coefficients K4—-

K7, which are parameter REV-COEF, are supplied at each supply

ki

timing as coefficients Cg, Cg, Cigr and Ci2 in qperating unit

74. <Then, the output data F; of operating unit

temporarily stored in reverberating register S6

result TCa of operating unit 74.

A are

as addition

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



units 70-76 in order in correspondence with operating unijt4

is to say,

bl ocks 0-2,
i n the sane manner, executes all operat units up throughte

conmputing part 5 executes operating unit 70
executes operating unit 71 mﬁth a 1-block (8 jcl

76. Accordingly, conputlng part 5 execdtes operating unlts 70- 76 I n 1
sanpling period T,

. input terminal in selector 53 is indeterminate. However,

differences with the above-described operating units 73 and

' 74 lie in the fact that input data E; in operating unit A

comprise 2 left signal in operating unit 70 and 72, and
comprise a right signal in operating unit 71.

In the timetable shown in Fig. 10, in sampling clock 0-
2, selector 53 selects input terminal D. However, in
accordance with Ehe points of difference mentioned above,
when the processing of operating units 70-72 is conducted,

the selector 53 selects input terminal A. At this time,

'panning circuit 13 (see Fig. 1) generates a left signal when

cperating unit 70 or 72 is executed, and generates a right
signal when operating unit 71 is executed, and supplies these
through the medium of input terminal REV-IN.

When the processing of operaﬁing unit 72 is.conducted,
the input data E; in operating unit A comprise a right
signal, and in sampling clock 0-3, selector 53 selects input
terminal A. In operating units 70-72, the input data Eg and
the multiplication coefficient which is multiplied by the
input data Eq in operating unit A have values of "X" and =Qo",
respectively.

' In the case in which a representation is to be made of
the processing of operating units 70-74 by means of operating
unit A, in sampling clock 1-1, a_seiection signal is not
supplied to selector 53. In this case, ghe sélection of an
- in
the present preferred embodiment, in sampling clock 1-0, the
value of the coefficient K7 which is supplied as parametgr
REV-COEF to input terminal C of selector 54 is set to a value

of "0" in accordance with the multiplication coefficient in



so that reverberating effecting is conducted with respect tuﬁfﬁrrf'ff
right signals of panning circuit 13 (see Fig. 1) As e Xgten

conputing part 5 conducts filtering, and, by means of operj
70-76, reverberation effecting with respect to nusical tong i
channels 0- 31ch in a tinme-shared manner and in 1 sanpli ngj pRLi.eg-—T-—AL
this time, as is clear fromFigs. 10-12, t4%ere is no overlap anong the
sel ection control of selectors 51-54, the read Serpramerrne

operating unit 70. As a result, because coefficient K7 is
supplied throuéh the medium of delay element Dg, this
coefficient is supplied to ﬁnltiplier 58 in sampling clbck 1-
1. By means of this, the multiplication result of the
multiplie: 58 becomes "0", and this is the multiplication
resuLtILls in operating unit A.

In the same manner, the input data Ej3 of.the operating
unit A correspoanding to operating unit 72 and the
multiplication coeﬁficient multiplied by this input data E3
have values of "X" and "0®, respectively. 'In this case, in
sampling clﬁck 0-7; a selection signal is not supplied to
selector 53, and in sampliag clock 0-6, the coefficient Kg
which is supplied as parameter REV-COEF to input terminal C
of selector S4 has a wvalue 9f "0“; in accordance with the
multiplication coefficient in operating unit 70. As a
result, this coefficient is supplied through the medium of
délay element Dg, so that the coefficient is supplied to
mnltiplie; S8 in sampling clock 0-7, and the multiplication
result of mﬁltiplie: S8 becomes “0". This is the
multiplication result L34 in operating unit A.

In this manner, in the present preferred embodiment, the
coefficients Kg and Ky which are.supplied as parameter REV-
COEF, are given values of "Q" at supply timings ;hereof'.and
thereby, thé processing of the input data "X" and'the
multiplication coefficient “0" in operating units 70-72 is
accomplished.

Furthermore, the multiplication coefficients Cz3 and C24
in operating unit§ 70 and 71 are supplied to the multipliers

TCz3 and TCa4, which determine the size of the left and right
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of filtering register 55, and the read out/witing control
reverberating register 56, in conputing part 5.
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outputs, as can.be seen from the reverberation effecting
éircuit shoén in Fig. 5. That is to say, in the processing
of operating units 70 and 71 by means of operating unit A,
multiplication coefficients Cz3 and Cz4 are supp}ied not as
parameter REV-COEF, but rather as coefficient Kg of parameter
REV-VQOL. |

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 thét selector 54
selects input terminal D in samﬁlinq clock 0-6, and in~
sampling clock 0-S, multiplication coefficient C23 is spplied
to input terminal D of selector 54 as coefficient Kg of
parameter 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 Kg of parameter REV-VOL in
sampling clock 0-S.

fn this manner, when processing is conducted gsing
operﬁting unit A, as a result of the differences of operating
‘units 70 - 74, the selection of the selectors 51 - 54 and the
writing/readout control of reverberating register 56 are
conducted fundamentally in acéo:dance with the timetable
shown ian Fig. 11, and the operations of operating unit A are
conducted repeatedly in cor:espondenée with the iﬁdividual
operating units 70 - 74.

Furthermore, computing part S detezmine; operation

results Lig - L33 of operating unit B (see Fig. 8) in



For exanple, in the second bl ock of the sanpling period sho
the filtering of the nusical tone signals of channels 0-2ch
processi ng of operating units 70-72 proceed sinultaneously.
operating timng of full adder 57 and nultiplier 58 does not jo
the sanpling clock level. This is achhgved by providing dela
bet ween each sel ector 51-54, full adder 57, and nultiplier 5§
part 5. : _ :

T e
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accordance with the timetable shown in Fig. 12. The poiats

of difference between this timetable and the timetables shown

in Fig. 10 are given hereinbelow.

a) In sampling clock 1-3, addition result Lzg is written

into reverberating register S6 as output data Fa2.

b) In sampling clock 1-2, multiplication result L2; has

nothing added thereto, so that selector 52 selects nothing.

Other than this, computing part S proceeds in accordance

with the timetable in Fig. 12, in a manner identical to that

of operating unit A, and the operations 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 operating units 70-76 in order in

correspondence with operating uanits A and B. That is to say,

computing part S executes operatiag unit 70 in the period of

blocks 0-2, executes operating umit 71 with a l-block (8

clock) delay, and in the same manner, executes all operating

units up through operating unit 76. Accordingly, computing

part S executes operating units 70-76 in 1 sampling perio¢ T,

so that reverberating effecting is conducted with respect to

the left and right signals of panning circuit 13 (see Fig.

1.

As explained above, computing part S 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 coantrol of selectors 51-54, the read_ '



Furthernore, the filtering is divided into channels, and th m ' -
effecting is divided into operating units, as a unit of the REE";’{GH T(EHEET

algorithm and these operational algorithnms are executed in {such % Eanner :
that they are delayed by a fixed period. As a result, it is Jpdss? 8l APR-1898
process a plurality of inputted data inga tine-shared manner jo_that there

I's no mutual hindrance, and to output these data. Furthernorje, filtering
and reverberation effecting. are conducted in the sane conputh patttn. SQ

that the CIr(ﬁﬂé?wriang control of filtering 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 musicai tone signa;s of
channels 0-2ch and the processing of operating units 70-72
proceéd simultaneously. However, the operating timing of
full adder 57 and multiplier 58 does not owverlap at the
sampling clock level. This is achieved by providing delay
elements Eftween each selector 51-54, full adder 57, and
multiplier S8 in computing part §.

Furthermore, the f;lteéing is divided into channels, and
the reverheration effecting is divided into operating units,
as a unit of the coperational aLgoEitnm, 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
so that there is no mutual hindrance, and to output these
data. Furthermore, filtering and reverberation effecting are

conducted in the same computing part S, so that the circuit

composition is siﬁplified.

(Second Preferred Emﬂodiment)

In the above-described preferred embodiment, after
filtering was applied to the musi;al tone signals,
reverberation was applied. However, in the composition of
the present preferred embodiment, if the ;ontent of the
control proqram is rewritten, it is possible to apply effects

such as chorus, flanger, distortion, exciter, or the like.



conposition is sinplified. (Second Preferred Enbodi nment) § ; -
above-descri bed preferred enbodi nent, after filtering was I ;ii WW
nmusi cal tone signals, reverberation was applied. However, |n

conposition of the present preferred enbodinent, if the co t_of the
control programis rewitten, it is possighle to apply effect

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 mariner to a single musical tone signal.



such as chorus, flanger, distortion, r [
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nmusi cal tone signal, but a plurality e s W
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CLAIMS

1. A digital signal pracessor which repeatedly executes waveform pracessing
based on aperation clocks during each samplmg period of musical tones, the digital
signal processor comprxsmg

musical-tone-signal supplying means for supplying a group of musical tone
signals including one or more musical tone signals;

parameter generation means (20-1, 20-2) for generating filter parameters,
controlling a characteristic of a digital filter, and effecter parameters contralling a
characteristic of an effecter;

control means (21-1, 21-2) for generating a first coatral signal contralling a
first operating algorithm of the digital filter as well as a second control signal
controlling a second operating algarithm of the effecter; and

computing means (5), which provides operation elements such as muitipliers,
adders and subtracters, for effecting in several steps corresponding to units of said
operation clocks a digital filter process, having a characteristic which correspands to
the fiiter parameters, on at least one musical tone signal of said group of musical tone
signals in accordance with the first control signal, the computing means aiso effecting
in several steps corresponding to units of said operation clocks an effecter process,
which corresponds to the effecter parameters, on at least one musical tone signal of
said group of musical tone signals in accordance with the secand control signal,

- characterized in that the first control signal, and the second control signal
are fed to said computing nieans (S) alternatingly for each operation clock whereby
for any of said steps some of said operatxon elements of said compuung means (S) are
required for said digital filter procass whereas others of said operatxon elements are
not required simultaneously for said digital filter process, and those of said operation
elements not required for said digital filter process are used at least partially for said

effecter process in the respective steps, thereby conduccing
virtual parallel processing of said digital filter process

and said effecter process.

2. A digital signal processor according to claim 1 wherein one m_uéical tone signal I
of said group of musical tone signals correspands to a plurality of channels which
operale in a time division manner; and the digital_ filter process is executed with i
respect to musical tone signals of each channel independently, using different filter ;
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effects may be appliedtoaplurality “ H l t orle =ha ksl :
In addition, it is possible to apply di I Iﬂ%ﬂmﬁulnapcrall

manner to a single nusical tone signal. 26{2 Apﬁ ?§§8
50
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coefficient for each channel.

3. A digital signal processar according to claim 1 wherein the processes, which
are executed based on the first and secand contrai signals respectively, are executed in
a parallel manner distributed over a sampling period.

4. A digital signal processor according to claim t wherein each sampling period is
divided into a plurality of blocks, so that the first and second control signals are
subjected to parallelization in each block of the sampling period.

S. A digital signal processor according to claim 4 wherein one digital signal
process is executed in accordance with the first control signal in each block of the
sampiing period, so that a plurality of digital signial processes are executed in one
sampling period. '

6. A digitat signal processor according to claim 5 further comprising filter
designating means for generating filter designating data (8), wherein the control
means (221) generates a variety of first control sighals. so that the computing means
executes digital filter processes of different algorithms in accordance with the variety
of the first control signals.

7. A digital signal processor accarding to claim 4 wherein one operation unit is
executed in accordance with the second control signal by each block of the sampling
period, so that a plurality of operation units are executed in one sampling period.

8. A digital signal processor according to claim 7 wherein execution of the effecter
process is realized by connecting the plurality of operation units, which are executed
in one sampling period, in accordance with the second control signal.

9. A digital signal processor according to claim 8 further comprising effecter
designating means (9) for generating effecter designating data, wherein the control
means (223) generates a variety of second control signals, so that:the computing
m'eans'_(S) changes the manner of connection of the piurality o'f dgperation units in
response o the variety of second control signals so as to execute elfecter processes of
different algarithms. |
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CLAI VS 1 A digital signal processor which repeatedlly gxecutes
wavef orm processing based on operation clocks during each|sph d
of musical tones, the digital signal processor conprising naé %ﬂ?%ég)
nmusi cal -t one- S|gnal suppl ying neans for supplying a group pflousical tone
signals including one or nore nusical t 88e signal s; par anet er
generation neans (20-1, 20-2) for generating filter parane ‘
a characteristic of pgegirfit! 8TGhaLl ®RoCRREING! ACPARATISABMPEOYEDOIN ol 1i'ng a
characteristic of an effect eELECTRONICC SUSTICALTENSTRUMENTS 21-2) for
generating a first control signal controlling a first operating al gorithm

of the digital filter as wel IA&%T&A@Ede‘!&)rmISQLQﬁ%I controlling a

second operating_al gorithmof the effecter; and nputi ng nmeans (5),

whi ch provi des obe@&ﬁ?—ﬁﬁaéFﬁﬁeﬁ?@éﬂéﬁmageﬂﬁrﬁﬁ?| &%tea%%rée%atmn

subtracters, for gtect .1 n several steps_cor egﬁfndln to units of said
data, ich de ignate the contents o teri

reverberating designation data, which designate the contents
of reverberation, and characteristics data, which exﬁress_the
combined contents_of'filtering and reverberation. A
parameters generating mechanism generates filtering
parameters expressing filtering characteristics, and
generates reverberating parameters expressing reverberation
characteristics. A readout device reads out a first
operating algorithm, which designates filtering designation
data, and a second operating algorithm, which designates
reverberating designation data, from a memory mechanism
wherein a plurality of operating élgorithms are stored. A
computing mechanism creates é digital filter having
characteristics corresponding to filtering parameters, based
on the first operating algorithm, creates an operating unit
having reverberation characteristics corresponding to
reverberating parameters, baséd on the second operating
algorithm, operates this digital fiiter and this operating
unit in a time shared manner, and processes filtering and

reverberation in parallel.

FIGURE 1



operation clocks a digital filter process, having a characterist "
corresponds to the filter paraneters, on at |east one nusical it l&AﬁEMENT SHEET
of said group of nusical tone signals in accordance with the f|ir[sST contro
~signal, the conputing neans al so effecting in several steps cqgrriess '

to units of said operation clocks an effecter process, which r?s)ggm‘g?ggs
:the effecter paraneters, on at | east one pusical tone signal 3erighgratp——
~of musical tone signals in accordance with the second control Jignal, _
. characterized in that the first control signal, and the seco@gé e T Ol -
. signal are fed to said conputing neans (5) alternati for ch operation

.é whi-ch '

-

cl ock whereby for any of said steps sone of said j on el enents of said
“conputing means (5) are required for said digit® process whereas
others of said operation elenents are not requir taneously for said
digital filter process, and those of said operati ments not required
for said digital filter process are used at | east al ly for said
ef fecter process in the respective steps, thereby c cting virtual
paral l el processing of said digital fisster procggy =
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51 coefficient for each channel. 3. A digital signal
according to claim1l wherein the processes, which are executled
first and second control signals respectively, are executed
manner distributed over a sanpling period. 4. A digital
-processor according to claim1 wherein each_sanpling period
a plurality of blocks, so that the first3and second control
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5. A digital signal processor according to claim 4 wherein, —ehi—E1
signal process is executed in accordance with the first contro|REP SHEET

each bl ock of the sanpling period, so that a plurality of digi}af—stgnal
processes are executed in one sanpling period. 6. A digital sh 35% 1998
processor according to claim 5 further conprising filter design t'%% %ns
for generating filter designating data (8)4 wherein the contro ns :

(22[err]) generates a variety of first control signals, so that the
conputing neans executes digital filter processes of different tetgorTthms
in accordance with the variety of the first control signals: 7. A
digital signal processor according to claim4 wherein one operation unit is
executed in accordance with the second control signal by each block of the
sanpling period, so that a plurality of operation units are executed in one
sanpl i ng peri od.
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8. A digital signal pfocessor according to claim7 wherei
the effecter process is realized by connecting the pluralit

n executi

AR SHEET

units, which are executed in one sanpling period, in accord

second control signal. 9. A digital signal processor afcprding to
claim 8 further conprising effecter designating nmeans (9) {o ﬂéhehﬁﬂiﬁﬁﬁ
ef fecter designating data, wherein the contgol neans (222) gemherates a
vari ety of second control signals, so that the computing means (5) changes

t he manner of connection of the plurality of operation unitg in response-+e
the variety of second control signals so as to execute effecter processes

. . —
of different algorithnmns. .5 _5
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