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[57] ABSTRACT

The present invention is an improved modular drum
generator which plays a recorded drum beat and which
may be used in combination with a plurality of identical,
improved modular drum generators to provide an elec-
tronic percussion section. The improved modular drum

Dec. 15, 1981

generator includes a bistable latch which has a clock
input, which is electrically coupled to a computer
which generates a “play” strobe pulse, a set of three
data inputs, one of which is held at logic “1” and the
other two of which are electrically coupled to a com-
puter data bus which also generates volume data and
pitch data, a reset input and a set of three outputs corre-
sponding to the data inputs. The improved modular
drum generator further includes a voltage controlled
oscillator the input of which is electrically coupled to
the pitch output of the bistable latch and the output of
which is electrically coupled to the clock input of a
twelve bit binary counter, which provides 212 data
words, thereby controlling the frequency of data con-
version thereof. The enable count input of the twelve
bit counter is electrically coupled to the “play” output
of the bistable latch and the end of count output is elec-
trically coupleéd to the reset input of the bistable latch.
The improved modular drum generator further includes
a read only memory, which contains 212 binary words
representing same on an analog waveform, which is a
recording of the sound of a single drum strike, a digital
to analog converter, which is electrically coupled to the
read only memory in order to receive the binary words
and to reconvert it to analog data so that it can be
played through an amplifier, and an amplifier, which is
electrically coupled to the analog to digital converter.

" 2 Claims, 3 Drawing Figures
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1
MODULAR DRUM GENERATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to electronic musical
instruments and more particularly to a modular elec-
tronic circuit which is capable of duplicating the sound
that results from striking a natural percussion instru-
ment or any other short duration sound such a bat im-
pacting a baseball.

2. Description of the Prior Art

U.S. Pat. No. 4,148,240, entitled Percussion Simulat-
ing Techniques, issued to Douglas R. Moore and Al-
berto Kniepkamp on Apr. 10, 1979, teaches an im-
proved electronic musical instrument capable of simu-
lating a sound resulting from the striking of a natural
percussion instrument. The electronic instrument in-
cludes playable keys, a tone signal generator for gener-
ating tone signals and an output circuit for converting
the tone signals to audible tones. A control circuit re-
sponsive to the depression of any one of the keys ena-
bles one or more of the tone signals representing one or
more fundamental pitches to be transmitted to the out-
put circuit for a first time period and enables another
tone signal representing a pitch nonharmonically re-
lated to the fundamental pitches to be transmitted to the
output for a second time period less than the first time
period. By combining the tone signals corresponding to
the fundamental and nonharmonic pitches the sound of
a percussion instrument is simulated. '

The general nature of the harmonic spectrum of natu-
ral percussion instruments, such as a xylophone, bars,
bells or chimes, has been known for some time. After a
short transient or strike time period resulting from strik-
ing a percussion instrument has passed, the instrument
generally emits a sustaining tone (which gradually de-
cays) having a fundamental pitch or frequency compo-
nent, together with harmonic frequency components.
However, during the strike time period immediately
after the instrument is struck, complex sound waves
(i.e., strike tones) having complex frequency spectra are
generated. In general, these complex strike tones are
nonharmonic; that is, they are non integer multiples of
the fundamental frequency produced by the sustaining
tone of the instrument.

The electronic musical instrument industry has long
sought economical techniques for simulating the sound
waves produced by natural percussion instruments,
especially the complex transient strike tone produced
by the striking of instruments. However, the strike tones
are so complex that no economical way of simulating
them has been discovered. Complex and costly elec-
tronic devices for simulating percussive sounds have
been proposed in the past. For example, in a paper enti-
tled, “The Synthesis of Audio Spectra by Means of
Frequency Modulation,” published in the Journal of the
Audio Engineering Society, Volume 27, Number. 7,
dated Sept. 7, 1973, John Chowning proposes that per-
cussive sounds, such as bells, and chimes can be simu-
lated by frequency modulation circuitry. However, this
technique requires complicated frequency modulation
equipment, including means for modulating the index of
modulation. The frequency modulation equipment is
required by Chowning in order to produce the nonhar-
monic pitches required to simulate the strike tone of a
natural percussion instrument.
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U.S. Pat. No. 4,135,423, entitled Automatic Rhythm
Generator, issued to Glenn M. Gross on Jan. 23, 1979,
teaches an automatic rhythm generator of an electrical
musical instrument which includes a rhythm pattern
generator for rhythmically selecting for actuation dif-
ferent ones of a plurality of instrumentation circuits to
be sounded and a strobe pulse generating circuit for
establishing the appropriate pulse width of a drive pulse
needed by each instrumentation circuit for proper actu-
ation thereof. The rhythm pattern generator circuit
selectively enables a plurality of drive gates respec-
tively associated with the plurality of instrumentation
circuits during selected ones of a succession of periodic
rhythm cycles in accordance with a predetermined
rhythm pattern. The strobe circuit is synchronized with
the rhythm pattern generator and generates during each
rhythm cycle a plurality of strobe pulses on a corre-
sponding plurality of outputs respectively associated
with the plurality of instrumentation circuits. Each of
the strobe pulses has a width preselected for the instru-
mentation circuit which it is associated. The enabled
drive gates provide a drive pulse to their associated
instrumentation circuits in response to, and having a
pulse width proportional to that of, the strobe puls
applied thereto. :

Automatic rhythm playing or generating systems for
use with electronic organs or similar instruments are
well known in the art. Examples of such circuits are
shown in a large number of U.S. Pat. Nos. including
3,548,065 of Freeman issued Dec. 15, 1970, to Chicago
Musical Instrument Co., now Norlin Music, Inc., the
assignee of the present application; 3,553,334 of
Freeman issued Jan. 5, 1971, to Chicago Musical Instru-
ment Co.; 3,567,838 of Tennes issued Mar. 2, 1971, to
Hammond Corporation; 3,760,088 of Nakada issued
Sept. 18, 1973, to Nippon Gakki Seizo Kabushika Kai-
sha; 3,763,305 of Nakada et al., issued Oct. 2, 1973 to
Nippon Gakki Seizo Kabushiki, 3,764,722 of Southard
issued Oct. 9, 1973, to C. G. Conn Ltd.; and 3,840,691 of
Okamoto issued Oct. 8, 1974, to Nippon Gakki Seizo
Kabushiki. Reference may be had to these patents for a
detailed description of the different types of circuitry
and the various techniques by which rhythm signals and
tones may be automatically generated.

Briefly, all such circuits employ a plurality of rhythm
voice or instrumentation circuits which produce tone
signals respectively corresponding to a plurality of dif-
ferent musical instruments and suitable circuitry for
actuating preselected ones of the instruments during
selected ones of a succession of rhythm cycles. The
tempo or rate at which the rhythm cycles are generated
is customarily established by an oscillator or rhythm
clock which is variable in frequency. In such circuits,
different rhythm patterns are selected through means of
manually actuateable switches to choose different
rhythm patterns such as rhythms for a march, tango,
swing, cha-cha, and rock. The different instrumentation

.circuits simulate different percussion instruments such

as blocks, bass drum, brush cymbal, snare drum, etc. or
even non-percussion instruments.
Depending upon the rhythm patter selected, none,

-one or plural instrumentation circuits are actuated dur-

ing each rhythm cycle. For example, with the rhythm
pattern for swing selected, the bass drum and brush
instrument circuits may be actuated on the first rhythm
cycle, no instruments actuated during the second and
third rhythm cycles, the snare drum actauted during the
fourth rhythm cycle, no instrument actuated during the
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fifth rhythm cycle, the brush instrument again actuated
on the sixth rhythm cycle and so on in like manner for
the next six rhythm cycles.

Each of the instrumentation circuits require a drive
pulse applied thereto of appropriate width for proper
actuation. Typically, each of the instrumentation cir-
cuits comprises a band pass filter having a high Q char-
acteristic that produces an exponentially decaying sine
wave on its output having a frequency equal to the
resonant frequency of the filter. This sine wave output
of each instrumentation circuit is produced when a
rectangular wave drive pulse which should be approxi-
mately equal to one-fourth the period of the resonant
frequency, for a drive pulse of this width when applied
to the instrumentation circuit, will result in an output
signal of optimum characteristics with regard to ampli-
tude and distortion.

In known automatic rthythm system, drive pulses of
suitable width have been provided by means of mono-
stable multivibrators or other suitable pulse shaping
circuits. The monostable multivibrators, in turn, are
driven by pulses of arbitrary widths without regard to
the needs of the instrumentation circuit.

Disadvantageously, such monostable multivibrators
and pulse shaping circuits were not readily amenable to
embodiment in integrated circuit form together with
the other parts of the automatic rhythm generator cir-
cuitry. Accordingly, the cost reducing and other bene-
fits derived by providing the entire automatic rhythm
generator circuitry in integrated circuit form had not
heretofore been obtained until the device of U.S. Pat.
No. 4,135,423.

U.S. Pat. No. 4,058,043, entitled Programmable

Rhythm Apparatus, issued to Masashi Shibahara on-

Nov. 15, 1977, teaches a programmable rhythm appara-
tus for use with an electronic musical instrument which
includes a sequential pulse generator, a plurality of
individually programmable rhythm channels or tracks
each producing an output pulse pattern in response to
the sequential pulse generator and a standard voice
generation circuit to receive the pulse output pattern
from the programmed rhythm channels. The voice
generation circuit produces a signal representative of an
unpitched instrument with a rhythm pattern corre-
sponding to the pulse output pattern of an individual
rhythm channel. The voice generation circuit output
signals corresponding to each rhythm channel and rep-
resenting different unpitched instruments are combined
and applied to an audio transducer. Each individual
rhythm channel can be programmed by the instrument
player to provide a pulse output sequence representa-
tive of any rhythm pattern desired. Each rhythm chan-
nel has a plurality of logic means and a selection means.
The instrument player uses the selection means to set or
program various ones of the plurality of logic means to
form a pattern corresponding to the desired rhythm.
Thereafter, each set logic means produces an output
pulse upon receipt of a sequence pulse from the pulse
generator. A switching network can be provided be-
tween the outputs of the rhythm channels and the input
terminals of the voice generation circuit to provide
increased flexibility and versatility. Furthermore, the
programmable rhythm apparatus can be used in con-
junction with the fixed rhythm matrices of the prior art
to provide selectable rhythm variation for certain un-
pitched musical instruments and the standard rhythm
for others.
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U.S. Pat. No. 4,163,407, entitled Programmable
Rhythm Unit, issued to Peter E. Solender on Aug. 7,
1979, teaches a programmable rhythm unit which in-
cludes an oscillator which provides a continuous chain
of pulses at a predetermined frequency, a circuit which
is connected to the oscillator for sequentially and re-
peatedly arranging the pulses in groups of an equal and
predetermined number of pulses corresponding to re-
peating measures having an equal and predetermined
number of beats per measure. The circuit includes a
plurality of output lines for receiving the pulses to es-
tablish fixed beat positions in each measure, a plurality
of rhythm voice input lines, a programmable array for
selectively transferring the pulse from selected ones of
the output lines to selected ones of the plurality of
rhythm voice input lines, and pseudo-randum puise
generator connected to the circuit and to the program-
mable array for providing a random pulse at a predeter-
mined beat position in each group corresponding to a
random beat per measure. The programmable array
includes a circuit which selectively transfers the ran-
dom beat to selected ones of the rhythm voice input
lines to establish a programmed rhythm pattern at the
rhythm voice input lines. A keyer driver circuit is con-
nected to the rhythm voice input lines, audio signal
generator means, and rhythm voicing circuit which is
connected to the keyer driver circuit and to the audio
signal generator for simulating the audio output of a
pluraility of rhythm instruments in accordance with the
programmed rhythm pattern.

In all of the above-cited patents the conventional
rhythm generator of the prior art which are used in
electronic organs produces a sound of a set of percus-
sion instruments which is simulated by one of the fol-
lowing: audio oscillators, envelope generators and
tuned resonance circuits. These sounds which are pro-
duced by these rhythm generators are close approxima-
tions of the actual percussion sounds, but there is much
room for improvement.

SUMMARY OF THE PRESENT INVENTION

In view of the foregoing factors and conditions
which are characteristic of the prior art, it is the pri-
mary object of the present invention to provide a modu-
lar drum generator which may be used with a set of
identical modular drum generators to electronically
produce recorded percussion sounds rather than simu-
lated percussion sound. ' '

It is another object of the present invention to pro-
vide a'modular drum generator which can be remotely
controlled to electronically produce a drum sound at
two different pitches thereby allowing one modular
drum generator to function as two modular drum gener-
ators as in the case of a high conga drum and a low
conga drum.

It is still'another object of the present invention to
provide a modular generator which can be remotely
controlled to produce two volumes levels in order to
simulate a soft or hard hit of the drum.

In accordance with the preferred embodiment of the
present invention, an improved modular drum genera-
tor which plays a recorded drum strike and which may
be used in combination with a plurality of identical,
improved modular drum generators to provide an elec-
tronic percussion section is described. The improved
modular drum generator includes a bistable latch which
has a clock input, which is electrically coupled to a
computer which generates a “play” strobe pulse, a set of
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three data inputs, one of which is tied to a logic ““1”"and
the other two of which are electrically coupled to a
computer data bus which also generates volume data
and pitch data, a reset input and a set of three outputs.
The improved modular drum generator further includes
a voltage controlled oscillator the input of which is
electrically coupled to one of the outputs of the bistable
latch and the output of which is electrically coupled to
the clock input of the twelve bit binary counter (for 212
binary data words) thereby controlhng the frequency of
data conversion thereof. The enable count of the twelve
bit counter is electrically coupled to one of the outputs
of the bistable latch and the end of count output is elec-
trically coupled to the reset input of the bistable latch.
The improved modular drum generator further includes
a read only memory, which contains 212 data word
representing sample points along the wave form of a
single drum strike sound, a digital to analog converter,
which is eIectrrcally coupled to the read only memory
in order to receive digitized data and to réconvert it to
analog data so that it can be played through an ampli-
fier, and an amplifier, which is electrically coupled to
the analog to digital converter. .

The features of the. present invention which are be-
lieved to be novel are set forth with parncularrty in the
appended claims.

Other objects and many of the attendant ‘advantages
of this invention will be more readily appreciated as the
same becomes better understood by reference to the
following detailed description and considered in con-
nection with the accompanying drawing in which like
reference symbols designate like parts throughout the
figures.

DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic drawing of a plurality of im-
proved modular dram’ generators which have been
constructed in accordance with the principles of the
present invention to provide an’ electronlc percussion
section.

FIG. 2 is a schematic of one of the improved modular
drum generators of FIG. 1.

FIG. 3 is the timing diagram of the inputs from a
computer which controls the rhythm patterns of the
improved modular generator

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In order to best understand the present invention it is
necessary to refer to the following description of its
preferred émbodiment in conjunction with the accom-
panying drawing. Referring to FIG. 1 a plurality of
improved  modular drum generators 10 are electroni-
cally coupled to an amplifier 11 which has an input and
an audio output. Referring to FIG 2 each of the im-
proved modular drum generators 10 includes a bistable
latch 12 which has a first data input, a second data input,
a third data input and a clock input. A computer for
controlling the plurality of improved modular drum
generators 10 provides a volume data signal to the first
data input, a pinch data signal to the second data input
and a “play” strobe pulse to the clock of each of the
improved modules of drum generators 10, with each
third data input, being electrically coupled to a logic
“1” through a resistor. In its preferred embodiment the
present invention uses two dual bit bistable latches as
the bistable latch 12 which have a Texas Instrument
part number of 7474.
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The improved modular drum generator 10 also in-
cludes a twelve bit binary counter 13 which has a clock
input, an enable count and an end of count. The bistable
latch 12 also has a first data output which is electrically
coupled to an analog switch 14, a second data output, a
third data output which is electrically coupled to the
enable count of the twelve bit binary counter 13 and a
reset input which is electrically coupled to the end of
count. In its preferred embodiment, the present inven-
tion uses as the twelve bit counter 13 a pair of dual
four-bit binary counters each of which has a Texas
Instrument part number of 74393. It also uses as the
analog switch 14, an analog switch which has a Na-
tional Semiconductor part number of LF13331. The
analog switch 14 is electrically coupled to a second
resistor 15 which is electrically coupled to the input of
the amplifier 11. A third resistor 16 is electrically cou-
pled to both the output of the improved modular drum
generators and the input of the amplifier 11.

The second data output of the bistable latch 12 is
electrically coupled to a fourth resistor 17. The im-
proved modular drum generator 10 further includes a
variable voltage source 18 which includes a variable
resistor 19 which is electrically disposed across a volt-
age potential and a fifth resistor 20, which is electrically
coupled between the fourth resistor 17 and the variable
resistor 19, and a voltage controlled oscillator 21 having
an input, which is electrically coupled to the fourth
resistor 17 and the fifth resistor 20, and an oscillating
output, which is electrically coupled to the clock input
of the twelve bit binary -counter 13. In its preferred
embodiment the present invention uses as the voltage
controlled oscillator 21 a voltage controlled oscillator
which has a Texas Instrument part number of SN74124.

The improved modular drum generator 10 further
includes a read only memory 22, which contains 212
digitized words representing a successive sample points
of the wave form of a recorded drum strike, having an
input which is electrically coupled to the twelve bit
binary counter 13, and an output and a digital to analog
converter 23, which has an input which is electrically
coupled to the output of the read only memory 22 and
an output which is electrically coupled to the input of
the analog switch 14 and the third resistor 16.

" Referring now to FIG. 3 in conjunction with FIG. 2
when the improved modular drum generator 10 re-
ceives a “play” strobe pulse to the clock input of the
triple bistable latch 12, with the “play” strobe pulse
being equivalent to a logic “1”, all data at the three data
inputs or D inputs is passed to their respective data
outputs or Q outputs. The first and second data outputs
may either be logic “1”’s or “0”’s depending on the states
of the first and second inputs. The third output is a logic
“1” because the third input is always a logic “1”. The
logic “1” of the third output of the triple bistable latch
12 enables the twelve bit counter 13 to begin counting.
The speed of the count is determined by the voltage

.controlled oscillator 21 whose output is electrically

coupled to the clock input of the twelve bit counter 13
and which is controlled by both the initial pitch control,
which is set by the variable voltage source 18 and the
state of the second output of the triple bistable latch 12.
This feature allows the pitch of the drum of the im-
proved modular drum generator 10 to be remotely con-
trolled by the computer. The rate of the count should be
approximately two and one-half times the highest fre-
quency desired at the audio output of the amplifier 11.
The twelve bit counter 13 sequentially addresses each
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eight bit data word, which is stored in the read only
memory 22 and which, with all 212 words, contains a
digitized recording of the desired sound of a drum
strike. Each eight bit data word has 28 increments of
resolution. For each new count of the twelve bit
counter 13 a new eight bit data word is applied to the
digital to analog converter 23, in which the eight bit
data word is converted to an analog voltage and then
electrically transferred to the amplifier 11 through two
paths: (1) through the third resistor 16 to the input of
the amplifier 11; and (2) through the second resistor 15
in series with the analog switch 14, which is turned on
or off by the state of the first output of the triple bistable
latch 12. This feature allows the volume of the drum of
the improved modular drum generator 10 to be re-
motely controlled by the computer. The sound emerges
at the audio output of the amplifier 11.

When the twelve bit binary counter reaches its last
count, (111111111111), the end of count output goes to
a logic “1” thereby resetting the data outputs of the
triple bistable latch 12 to logic “0”s and terminating the
entire process until another “play” strobe pulse occurs.
The number of bits in the count may be changed to
allow for different time lengths. Additionally the num-
ber of bits in each data word may be changed to provide
more or less audio resolution. Furthermore, the circuit
may be redesigned to use more than one pitch or vol-
ume control bit in order to allow for more increments of
remote pitch or volume control as desired.

Referring again to FIG. 1 an electronic percussion
section includes a plurality of the improved modular
drum generators 10, each of which is equivalent to a
particular type of drum such as a block, high or low
which is determined by the pitch data signal, conga,
high or low which is determined by the pitch data sig-
nal, tom, which is determined by the pitch data signal,
bass and snare.

From the foregoing it can be seen that an improved
modular drum generator has been described. The pri-
mary advantage of the present invention is that it does
not simulate the sound of a drum, but plays a recording
of it. The recording is stored as a series of binary data
words in a read only memory and is not merely a repre-
sentative waveshape, but the entire recording of the
desired drum strike. Furthermore as long as the dura-
tion of the drum is not too long the amount of read only
memory that is needed may be kept to a practical level.
For example, if the maximum frequency which is de-
sired for the drum beat is ten kilohertz (10 KHz), a
sampling frequency of approximately twenty-five kilo-
hertz (25 KHz) is sufficient so that 4000 words at this
frequency will take 0.16 seconds which is long enough
for most drums or percussion instruments. Another
advantage of the present invention is that the drums
may be played at two different pitches under remote
control, so that one modular drum generator may func-
tion as two different drums. Still another advantage is
that the volume of the drum may be remotely con-
trolled to stimulate a soft or hard hit of the drum.
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Accordingly, it is intended that the foregoing disclo-
sure and showing made in the drawing shall be consid-
ered only as illustrations of the present invention. Fur-
thermore, it should be noted that the sketches are not
drawn to scale and that distances of and between the
figures are not to be considered significant. The inven-
tion is set forth with particularity in the appended
claims. ‘

What is claimed is:

1. An improved modular drum generator, which
plays a prerecorded drum tone in response to a “play”
strobe signal, comprising:

a. a bistable latch having a first data input which is
electrically coupled to a logic “1”, a first data out-
put, a clock input which receives the “play” strobe
signal and a reset input;

b. a voltage control oscillator having a control volt-
age input which is electrically coupled to a variable
voltage source and an oscillating output;

¢. a binary counter having an enablé count which is
electrically coupled to the first output of said bista-
ble latch, an end of count which is electrically
coupled to the reset input of said bistable latch, a
clock input which is electrically coupled to the
oscillating output of said voltage control oscillator
and an output;

d. a read only memory which contains a digitized
word which represents a single drum beat and which is
electrically coupled to the output of said binary
counter;

e. a digital to analog converter which is electrically
coupled to said read only memory in order to re-
ceive the digitized word so that said digital to ana-
log converter can reconvert the digitized word
back to analog data;

f. an analog switch having a digital input which is
electrically coupled to the second output of the
said bistable latch, said analog switch electrically
couples a first resistor to a second resistor in paral-
lel only when said analog switch is “on”; and

g an amplifier having an input which is electrically
coupled to said digital to analog converter through
said first resistor when said analog switch is “off’
and to said first resistor and said second resistor in
parallel when said analog switch is “on” whereby
the volume of the drum beat be adjusted between
two levels by said analog switch.

2. An improved modular drum tone generator ac-
cording to claim 1 wherein said bistable latch further
has a third data input which receives a pitch data signal
and a third data output and wherein said improved
modular drum tone generator further comprises:

a. a third resistor which is electrically coupled to the
input of said voltage control oscillator and to the
third data output of said bistable latch in order to
increase and decrease the voltage whereby the
pitch of the drum beat may be adjusted between

two frequency levels.
% Ed * * *



