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APPARATUS FOR ATTACHING A MUSICAL 
INSTRUMENT TO A COMPUTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to data processing systems, and 

more particularly to apparatus for attaching a musical 
instrument to the data processing system so that music 
produced by the instrument can be converted to data 
and collected by the data processing system. 
Computers have been attached to musical instru 

ments in the past, and computers have been pro 
grammed to translate a musical score into computer 
language so that the computer can control the keys on 
the instrument and thereby reproduce the programmed 
music. Therefore, the information stored in the'com 
puter could be played back through the instrument. 
However, in order to process data derived from a mu 

sical instrument, it is necessary to connect the instru 
ment as an input device to the computer. Furthermore, 
in order for the computer to analyze the data, it is nec 
essary to provide along with the data some indication 
as to rhythm. ‘ 

It is therefore a primary object of the present inven 
tion to provide a means for connecting a musical instru 
ment to a computer so that music produced by the in 
strument can be converted to data and collected by the 
computer. 

It is a further object of this invention to provide 
means for generating data representing rhythm to be 
supplied with data derived from playing a musical in 
strument to a computer which is programmed to pro 
vide analysis of the performance. 
Brie?y, the above objects are accomplished in accor 

dance with the invention by providing, in combination 
with a data processing system, apparatus for converting 
electrical signals produced by depressing keys on a mu 
sical instrument to data manifestations in a format suit 
able for processing by the data processing system. 

In accordance with the invention, snychronization 
between the performer who is actuating the keyboard 
and the computer internal timing is maintained by 
means of a foot pedal switch adapted to be actuated 
during the actuation of the keyboard during the musi 
cal performance. This provides appropriate electrical 
signals corresponding to the rhythm maintained by the 
performer which can be interpreted along with the data 
derived from the keyboard keys for analysis of the in 

' terrelationship between the two by the computer. 
The invention has the advantage of providing means 

‘to allow interaction between the performer and the 
I computer so that a true interpretation as to what was 

" meant by the performer with respect to rhythm can be 
' made. 

DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advan 
tages of the invention will be apparent from the follow 
ing detailed description of a preferred embodiment of 
the invention, as illustrated in the accompanying draw 

, ings wherein: 
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2 
FIG. 3 is a more detailed block diagram of the con 

trol circuits of FIG. 1; 
FIG. 4 is a timing diagram showing the inter 

relationship of the various control lines of FIG. 2 and 
FIG. 3. 

DESCRIPTION ' 

The system of which the present invention is a part 
is more fully described in co-pending U.S. Pat. applica 
tion Ser. No. 430,458, by Davis et al. entitled “Appara 
tus For Processing Music As Data“ filed Jan. 2, 1974, 
and assigned to IBM Corporation which is incorporated 
herein by reference. ‘In that system, data is inputted to 
the computer from an organ. Operator Commands (i.e. 
requests for the execution of a particular program) are 
entered into the computer system by means of a key 
board on the organ or a separate input/output terminal. 
The user may make a basic request by means of the ap 
propriate command, for example. When the performer 
depresses keys on the organ a switch is closed for each 
key causing electrical signals representing musical 
notes to be sent to the computer. This output from the 
organ, which is data in an elementary form, is trans 
lated by the computer in response to the play command 
to produce a time-line output. With the appropriate 
Print command, the time-line output may be printed 
out to provide hard copy. The time-line output (ele 
mentary data) enters a translate module which re 
sponds to a Translate command entered by the user. 
The Translate command translates the elementary data 
into a graphical input language. The result is an inter 
mediate form of data which also may be printed out. 
The intermediate form of data is entered into an art 
work module which converts the intermediate data to 
the final output sheet music data which can be printed 
out or-displayed. 
The present invention is concerned with that portion 

of the system described above which includes the appa~ 
ratus for connecting the organ to the computer and for 
inputting data thereto. 

Referring to FIG. 1, an overall block diagram of the 
apparatus embodying the invention is shown. An organ 
70 is attached to a computer 88 which may be, for ex 
ample, an IBM System/360 Model 50 computer, de 
scribed in IBM/360 Model 50 Functional Characteris 
tics (Form No. GA22-6'898) and Operating Procedures 
(Form No. GA22-6908). The organ is attached to the 
computer through an IBM 2701 Parallel Data Adapter 
(PDA) 86 more fully described in IBM 2701 Data 
Adapter Unit, Principles of Operation, Form No. A22 
6844; Original Equipment Manufacturers Information, 
Form No. A22-6844. The above manuals and other re 
lated manuals can be obtained by contacting any IBM 
branch office. 
The organ 70 may be, for example, an organ of the 

type known as the Schober Consolette II organ manu 
factured by the Schober Organ Corporation, 43 West 
61st Street, New York City, 10023., and described in 
“How Schober Organs Work“ by Richard H. Dorf, and 
the Schober Electronic Organ service manual, Percus 

‘ sion Group (No. 24PN4SM, 1967) which may be ob 

FIG. 1 is an overall block diagram of the invention ' 
including the data and control circuits for connecting 
a musical instrument to a data processing system; 
FIG. 2 is a more detailed circuit diagram of the data 

flow circuits of FIG. I; 

65 

tained by writing to the above address. The organ has 
the percussion option modified with respect to the 
organ key contacts and the organ keying circuits as de 
scribed and shown in FIG. 1. These modifications 
break away the 64 lines from the organ contacts 74 
which normally drive the organ keying circuits 78 and 
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data ?ow circuits 82 are placed in series with these 
contacts. In addition, a foot pedal switch 76 is added to 
accommodate an additional foot pedal at the organ, the 
purpose of which is to provide timing to the computer. 
The organ keying circuits 78 drive the organ sound sys 
tem 80 to produce sound in response to depression of 
the organ key contacts 74. 
The data flow circuits 82 are more fully described in 

FIG. 2. The data flow circuits 82 are connected to con 
trolcircuits 84 which, in turn, are connected to the 
PDA 86. The control circuits 84 are more fully de-’ 
scribed with respect to FIG. 3. Brie?y, the data flow 
circuits and control circuits provide for scanning of the 
organ key contacts and inputting the bytes of data 
which are the results of this scan to the PDA which, in 
turn, byte size and voltage levels and timings converts 
the bytes into data words which are compatible with 
the computer 88. Various demand and response lines 
are required by the PDA and these are interfaced with 
the organ by means of the control circuits 84. 
Referring to FIG. 2, the data flow circuits will now be 

described. The data ?ow circuits perform two basic 
functions. The first is to capture the closure of the 
organ key contacts, which close whenever a key on the 
keyboard is depressed, to present that information to 
the computer and secondly, to take information from 
the computer and drive the organ keying circuits for 
playback. 
The 64 lines from the organ key contacts drive the 

input to a buffer register 90 which is split up into four 
words, 16 bits each, in order to be compatible with the 
parallel data adapter. The output of the buffer register 
90 is connected to drivers 102 which drive the organ 
keying circuits and also to a data selector which is com 
prised of gates 98 and a decoder 100. The output of the 
data selector is 16 bits wide and drives the parallel data 
adapter. . . 

An input to the buffer 90 is supplied by the output 
from a demultiplexer which is comprised of gates 92 
and a decoder 94. Each of the four sets of gates 92 
supplies a 16 bit wide output which is wired to each of 
the four sets of 16 lines from the organ key contacts. 
Thus either the organ keys or the demultiplexor 
supplies 16 bit words to buffer 90. The input to the de 
multiplexer is 16 bits wide and is connected to the out-E 
put of the parallel data adapter. 
A and B pulses are derived from the control circuit 

of FIG. 3 described subsequently. The A and B pulses 
v provide a count of four corresponding to 00, Ol, 10, 
and 11. During a write operation, the write select line 
is energized, activating decoder 94. The decoder 94 de 
codes the A and B input to select one of the sets of 
gates 92 to thereby provide four words of 16 bits each 
from the PDA to be stored sequentially in word 0, word 
1, word 2, and word 3 of the buffer register 90. The 
buffer register drives the organ keying circuits by 
means of drivers 102. . 

During a read select operation, the decoder 100 is ac 
tivated and decodes the inputs A and B which select 
one of the four sets of gates 98 to thereby provide the 
contents of buffer register 90 to the FDA in a series of_ 
four words of 16 bits each. Thus, first word 0 is pres 
ented to the PDA, then word 1, followed.by word 2, 
and finally word 4. 
Timing controls 96 are provided to decode the pulses 

A and B to provide lines G0, G1, G2, and G3 to the cor 
responding sections of buffer 90, that is, words 0, 1, 2 
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4 
t'md 3 respectively. The pulses G0, G1, G2 and G3 ‘are 
held up when the organ playback switch is off and the 
playback line is negative. In this condition, the outputs 
of buffer 90 follow the input. 
During a write operation, single shot (FIG. 3) gener 

ates the G0, G1, G2, and G3 pulses. 
Referring now to FIG. 3, the operation of the control 

circuits will be described. In FIG. 3, logic blocks la 
belled “I” are inverters which change a DC voltage of 
one polarity appearing at the input of the inverter to 
the opposite polarity. Reference should be made to the 
timing ‘diagram of FIG. 4 which shows the relationship 
between the various inputs and outputs of the control 
circuit. The write select, read select, write ready, and 
'read ready lines are energized by the IBM 2701 Parallel 
Data Adpater. The write ready and read ready lines are 
ORed together in OR circuit 104 to provide the ready 
line. The ready line fires a single shot 106, the output 
of which drives word counter 110 and provides an out 
put SS1 to the data flow circuits of FIG. 1. The fall of 
single shot 106 drives a single shot 108, the output of 
which drives counter 116. 
Both counters 110 and 116 are held reset and are re 

leased when either write select or read select becomes 
positive thereby causing an output from OR circuit 105 
causing the output not any select to drop and thereby 
release the counters. 
The purpose of word- counter 110 is to provide binary 

outputs which are decoded by the data select circuit 
112 or 114. The circuit 112 derives four pulses from 
the output of single shot 108 to provide a read demand 
signal which passes through OR circuit 118 to become 
the demand signal to the PDA. Therefore, during a 
read select operation, four pulses are provided corre 
sponding to each of the four words to be transferred to 
‘the PDA. 
The decoder 114, on the other hand, only decodes 

three pulses from the output of single shot 108 to pro 
vide three write demand pulses whenever thelwr-ite se 
lect line is positive. These pulses also pass through the 
OR circuit 118 to become the demand to .the PDA. 
Duringa write operation, the fourth word is transferred 
by means of the EOR-end of record pulse provided to 
the PDA. 1 

.:_:-1The purpose of counter 116 is to provide binary out 
putsA and B which drive the data ?ow circuits to .FIG. 
2. These pulses provide energization for the gates 
which gate the four words to or from the PDA depend 
ing on whether it is a read or write operation. A count 
of four is derived from the counter 116 to produce the 
EOR pulse. The AND circuit 120 is energized when the 
demand line is negative and a count of four is positive 
thus providing the fourth and ?nal pulse on a write op 
eration. 
The operation of the data ?ow circuits of FIG. 2 and 

the control circuits of FIG. 3 will be summarized with 
respect to the timing diagram of FIG. 4. The ready line 
rises when the write select or the read select lines are 
made positive and stays up until the PDA receives a sig 
nal on the demand line during either a read operation 
or a write operation. Single shot 1 is fired by the rise of 
the ready line. The rise of single shot 1 output advances 
counter 1 from the 00 state to the 01 state. Single shot 
1 generates the G0 pulse which provides the latch set 
gates during write for the buffer register 90 of FIG. 2. 

Single shot 2 is fired by the fall of the output of single 
shot 1. The fall of single shot 2 advances counter 2 and 
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gates the demand pulse to the PDA. Counter I controls 
the data selector circuits I12 and 114 to pass an SS2 
pulse through to create the demand pulse to the PDA. 
Counter 116 generates the A and B controls for the 

data selector 98 and de-multiplexer 92 in the PDA data 
path shown in FIG. 2. 
The counters are held reset when neither read nor 

write select are up. 
The end of record sequence is as follows: (I) EOR 

comes on late in the fourth cycle during a read or write 
operation; (2) this causes the read or write select to 
drop; (3) the drop of select resets the counter 116 
which in turn, (4) terminates the EOR. 
The G0, G1, G2 and G3 pulses are held up when the 

organ playback switch is off. The latch outputs of data 
buffer 90 follow the inputs when in this condition. The 
playback switch must be off when recording into the 
computer. 

SUMMARY 

What has been described is apparatus for connecting 
a musical instrument to a computer. The instrument is 
provided with electrical key contacts which are con 
nected to a multibit word register. A write bus is pro 
vided for carrying data from the computer to a gating 
means, the output of which is connected and ORed 
with the output of the key contacts. During a write op 
eration, write select means energize the gating means 
to thereby selectively store the data from the computer 
in the word buffer. The output of the word buffer is 
connected to the instrument‘s keying circuits which, in 
turn, when energized cause audible music. Further gat 
ing means are provided connected to the output of the 
word buffer and provide an input to ‘the computer. Dur 
ing a read operation, a read select energizes the gating 
means to thereby selectively transfer data stored in the 
buffer to the computer. This enables the data generated 
from depressing the key contacts to be stored in a ma 
chine readable form. 
Playback by the computer is accomplished by placing 

data on the write bus which is transferred to the keying 
circuits to produce sound. 

If it is desired to play the instrument without going 
through the computer, the write select and read select 
means are dis-energized and the electrical signals from 
the key contacts pass directly through the word buffer 
to the organ keying circuits to thereby produce the mu 
sical sound. - 

While the invention has been particularly shown and 
4 descirbed with reference to a preferred embodiment 

thereof, it will be understood by those skilled in the art 
‘that the foregoing and other changes in form and de 
tails may be made therein without departing from the 

- spirit and scope of the invention. 
What is claimed is: 
1. In combination with a data processing system: 
first switch means coupled to an electrical source op 

erative in response to depression of keys on a musi 
cal instrument keyboard for providing electrical 
signals; 

second switch means coupled to an electrical source 
operable by one playing said musical instrument 
for providing repetitive electrical signals corre 
sponding to the rhythm maintained by the per 
former; 

means for scanning said electrical signals and said re 
petitive electrical signals; and 
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6 
means responsive to said scanning means for storing 

a binary representation of the state of said signals 
in a buffer register. 

2. In combination with a data processing system: 
first switch means coupled to an electrical source op 

erative in response to depression of keys on a musi 
cal instrument keyboard for providing electrical 
signals having one state when a key is depressed 
and another state when a key is not depressed; 

second switch means coupled to an electrical source 
operable by one playing said musical instrument 
for providing repetitive electrical signals corre 
sponding to the rhythm maintained by the per 
former; 

means for scanning said electrical signals and said re 
petitive electrical signals; 

means responsive to said scanning means for storing 
a binary representation of the state of said signals 
in a buffer register; and 

means for transferring the contents of said buffer reg 
ister to said data processing system in response to 
signals from said data processing system. 

3. In combination; 
a data processing system; 
a musical instrument keyboard having key contacts 
corresponding to keys on said keyboard; 

a foot pedal switch adapted to be actuated by one 
playing said musical instrument keyboard for pro 
viding repetitive electrical signals corresponding to 
the rhythm maintained by the performer; 

means for scanning said key contacts and said foot 
pedal switch; 

means responsive to said scanning means for convert 
ing electrical signals produced by depressing said 
keys to digital data which is compatible with said 
data processing system; and 

means connected to said scanning means and respon 
sive to signals from said data processing system for 
transferring said ‘data to said data processing sys 
tem whereby said data processing system collects 
data corresponding to the music performed. 

4. Apparatus for connecting a musical instrument to 
a computer having a read input and a write output, said 
instrument having key contacts and output-music pro 
ducing keying circuits comprising: 

a multibit word register having an input and an out 
put; 

means connecting the instrument key contacts to the 
input of said multibit word register; 

?rst gating means having an input and an output; 
a write bus for carrying data from said computer, said 

write bus connected to the input of said gating 
means, the output of said gating means being con 
nected to the input of said multibit word register; 

write select means for selectively energizing or disen 
ergizing said first gating means to thereby selec 
tively store or not store data from said computer in 
said multibit word register; 

second gating means having an input and an output, 
said input connected to the output of said word 
buffer and said output connected to the read input 
of said computer; and 

read select means for selectively energizing or dis 
energizing said second gating means to thereby se 
lectively transfer data or not transfer data from said 
word buffer to said computer. 

>l< * * * * 


