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@ Machine control panel.

@ A machine control panel includes a8 matrix of pressure
sensitive switches {10) and a matrix of LED’s {12} in a substan-
tially coplanar array. An aperture array {18) formed by a flex-
ible cover sheet {16} having an opaque coating {20} surround-
ing a matrix of transparent apertures {18} is positioned on top
of the LED and switch array with corresponding ones of the
LED's and apertures in alignment. Unused apertures in the
aperture matrix corresponding to unused LED's are selec-

tively ciosed by opaque aperture covers {19). Switch identiiy-
ing covers in the form of labels {22} are positioned on top of
the aperture array to visually indicate selected onse of the
switches {16}. A flexible transparent overiay located on top of
the aperiure array may be used to protect the iabels and
aperture covers while enabling a switch operating prassure to
be transferred ic the switches.
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Machine Control Panel

The present invention relates to machine contrg?

panels providing selectively operable switches and

indicators associated with a machine to be controiled.

fu

Machine control panels having a fixed dispiay of
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system controilad by the panel are well-known in th
e.g., the control panel shown in U.S. Patent No.

3,187,321, While such prior art panels are useful to

ot
>
m

enable an operator to visualize the control effects of

e |

switches on the panel, they are severly 1imited in thei
correlation to a particular system whereby each controi
panel is custom made for a particular application. Thus,
they are not interchangeable among differant systems and
are innerently incapable of providing a maximum utj
from the panel components. In order to increase the
adaptabiliity of such contirol panels, Tater developments
inciuded the use of overlays providing different sets of
indicia as shown in U.S. Patent No. 4,158,130 and
corralated auxiliary displays with switch functions
thereon as shown in U.S. Patent No. 4,333,087. Howevar,
none of these displays and control panels offered a
maximum adaptabpility to differing control systems whils
retaining a2 simpliicity in the structufe and operation
thereof. Thus, the pricr art control panels were

associated with a particular system by virtue of bein

[{»]

designed in a permanent one-to-ane relationship whereby
switches, indicators, labels, etc. were correlated %o =2

specific application. Such control panels did not provide
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a universality in adanting the control panel for user chances induced bv
changes in the machine or system controlled by the nanel. Further, such

control panels were not economical to produce since thev were only suit-
able for a specific end use. Accordingly, the utilization of those con-

trol panels would be terminated when the use for which the nanel was de-
signed became obsolete.

An object of the present invention is to provide an improved
machine control panel. A control panel which would be economical to
manufacture and purchase in small numbers must be adantable throughout
its operating 1ife to whatever machine or system is to be controlled
thereby. Such a universal and adaptable control panel! would yield a
maximum return on the investment therein while minimizino production
cost, service cost, parts inventory and operator traininc time.'
Accordingly, it is desirable to provide a machine control! panel which is
universal in its applications and which offers a maximum utilization
and adaptability of its components in a simple and Tow cost structure.

These objects are achieved by the invention as characterized by
the independent claims. Preferred improvements are described in the
subclaims.

The machine control panel according to the invention has a matrix
array of a plurality of switches and light emitting indicators, a
support means for supporting the switches and indicators in a
substantially coplanar relationship, an aperture laver overlyina
the support means and the switches and indicators with light trans-.

missive apertures therein alianed with resnective ones of the indica-
tors, aperture
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covers on the aperture layer for selectively blocking

tight transmission through the apertures and label means
located on the aperture layer with light

transmissive apertures being alianed with nreselected ones of

the apertures in the aperture layer.

A better understanding of the present invention may be
had when the following detailed description is read in
connection with the associated drawings, in which:

Figure 1 is a block diagram of a machine control
system embodying an example of the present invention.

Figure 2 i1s a pictorial illustration of a machine
control panel for use in the system shown in Figure 1 and

Figure 3 is a block diagram of a configuration conirol

for use with the system shown in Figure 1.

Referring to Figure 1 in more detail, there is shown a
machine control system embodying an example of the present
invention for controliling a machine 2, e.g., a machine
having selectively operable controls thereon. A matrix of
a plurality of light emitting indicators, =.g., Tight
emitting diodes (LED's), and selectively operable
switches arranged as a control panel 4 is usad to provide
an operator interface for producing control signals for
the machine to be controlled and to provide a visible
display of valid switch actuations and controlled machine
operations. For purposes of illustration, an examples of a
control configuration for a specific machine control

system is shown on the control panel 4. The machine

control panel 4, as described more fully hereinafter with
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respect to Figure 2, is arranged as a full matrix of
pressure sensitive switches and LED's residing in a
protective and supportive enclosure and having a flexible
cover over the matrix‘with light transmissive, e.g.,
transparent, apertures aligned with selected or valid ones
of the LED's in the LED and switch array 4.

| A configurable control 6 is interposed between ihe
switch matrix 4 and the machine to be controlled 2 to
accept switch actuatibn sigha]s from valid switches on the
switch array 4 and to provide energizing Qignals for valid

LED's, e.g., LED's associated with actuated valid

switches and LED's signaling machine operations, while

transferring the control signal from the actuated valid
switch to the machine to be controlled 2 to produce a
corresponding control operation. The configuration
control 6 is also effective to ignore actuation signals
from invalid switches 10 2s determined in a specific
application of the switch and indicator matrix 4 and to
prohibit energization of undesired'LED's, e.g., those
associated with invaiid switches.

In Figure 2, there is shown a pictorial illustration
of a control panel suitable for use as the contro? péne] 4
shown in Figure 1. A plurality of selectively actuable
pressure sensitive switches 10 and LED indicators 12 are
arranged in .a matrix in a first support layer 14. The
switches and LED's 10, 12 and layer 14 may be any suitable
devices capable of providing a fixed matrix of nressure
sensitive switches and indicators in a substantia11y
coplanar array; such devices being we11-known in the art.
An adjacent sécond layer 16 of a flexible material capable

of transferring switch actuation pressure to the switches
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10 provides a matrix of light transmissive apertires 18
surrounded by an opaque coating 20. For example, the
second Tayer 16 may be generally of a transparent materiz]
with the apertures 18 being gaps in tne opague coating
20. Tne apertures in the second laver 16 are aligned with
the LED's 12 in the first layer 14. 7o correlate the
second layer 16 to a specific application of the control
panel 4, selected ones of the apertures 18 are retained
in a Tight transmissive state while the other unneeded
apertures in the aperture matrix 15 are-selactively:
covered by opague covers 19.

Labels 22 with indicator apertures 24 are placed on
the

aperture array 16 with the indicator apertures 24

aligned with the unblocked ones of the apertures 18

whereby light emissions from energized LED's would be
transmitied through the aperture .24 in the label 22 and

75. 7 Cther: 1 1

b 2k

[8))

the zperture 18 in tnhe aperture iayer

(44
w

tw

showing unilluminated switches and system interconneciors,
atc. are alsg selectively placed on the aperture array

16. A transparent third layer 26 may bes used to protect
the jabels 22 and the other display elements 25
appropriately placed on the aperture array to form a
desired machine control panel., The third layer 25 is alsa
made ¢f a Tlexible material capabiz of transmitting a
switch actuation motion to the switches 10 in the fTirst
layer 14. A suitable enclosure, not shown, may be
provided for housing the machine control panel 4 while
enabling electrical connections to be made thereto. The
housing may advantageously include a door for limiting
access to the machine control panel 4 while increasing the

protection of the machine control panel 4 from the
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surrounding environment.

In Figure 3, there is shown a block diagram for the
configuraoie control 6 shown in the system illustrated in
Figure 1. The control 6 is effective to accept switch
actuation inputs from valid ones of the switches in the
switch and LED array 4 and to energize corresponding ones
of the LED's, e.g., to provide an indication of the switch
actuation of the valid ones of the switches 10.
Additionally, the control 6 is effective to energize
additional ones of the LED's 12 to provide a further
indication of system operation. The energized LED's are
arranged beneath unblocked ones of the apertures 13.

Thus, the presence of a compliete matrix of switches 10 angd
LED's 12 in the first layer 14 is configured into a
desired switch and LED array for a specific control pane!
application by the configurable control 6 which accents
inputs from desired ones of the switches 10 and ignores
switch actuations which are not a part of the desired
switch array. Concurrently, the configurable contrel 6
energizes LED's associated with respective valid ones of
the switches 10 and other desired LED's to indicate
machine operation and does not provide an enargization of
undasired ones of the LED's 12, e.g., those associated
with the invalid ones of the switches 10. The presence of
a complete matrix of a piurality of switches and LED's in
the first layer 14 provides the maximum capability for
organizing the machine control panel 4 to enhance the
versatility of the machine control panel whereby the
switches 10 and LED's 12 may be arranged to function in a
desired control panel configuration within the matrix

capabilities. Thus, the control panel 4 is universal in
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“its applicability and can be éaSﬁTy adapted for a

multitude of applications by a simple rearrangemant of

opague covers 19 and lapels 22, 25 to corr

gtz T with a

(14

specific macnine or system to be controllaz.

Referring to Figure 3 in more detail, the switches 10
are shown as a switch.matrix 10 and the LED's 12 are shown
as an LED matrix 12. Thus, the selectively configurable
control § is arranged to provide a control function for
the switches 10 in a procedure which §s>simi1ar'though
separate from fhat pfovidéd fo% the LED's 12. The sQitch

matrix 10 is connected by input lines 26 and sutput Tines

ct

ne LED matrix 12 is only connected by osutput

-

27 wnile
iines or enéfgizing lines 28 to an %npét/oatput (1/0)

circuit 30. The 1/0 circuit'30 is diviaed intcbseparate
sgctions 7or handling the swifchimaﬁrfx 10 ahd LED matrix

2. Thne I/0 czircuit 30 can inciude a multisizxer for

e
>
-
Q
ot
o

scanning the rows and columns of the switch matri

detect and identify an actuated one of the switches 10. A

fw

digital computer 32, which may be in the form of
microprocessor,‘a read-only-memory (ROM):34 for storing
computer operating programs, a random access memory (RAM)
36 for storing a table of valid swﬁtchDIOCétions, and a

serial communication circuit 38 ares connected to data bus

8. These

[#3)

10 which is zalso connected to thé I/O circuiz
circuit elements 30, 32, 34, 36, 38 and 30 may be
advantageously locatad within the housing for the control
panel 4, With such a resident érranQémeﬁt, the serial
communication circuit 38 provides a communf:ation
interface with a two wire cable 42 interconnecting the
serial communication circuit 38 with a remote serial

communication circuit 44,
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The remote serial communication circuit 44 may be part
of a central controller which may also include a ROM 46, a
RAM 48, a digital computer 50, a CRT and keyboard
interface 52 connected to a CRT dispiay 54 by signal cable
55, and a signal cable 56 to a keyboard 58. A databus 60
is arranged to interconnect the ROM 46, the RAM 48, the
digital computer 50 and tne interface 52 with the serial
communication circuit 44 and with a digital input circuit
62, which is connected to a digital input terminal 63, and
a digital output 64, which is connected to a digital
output terminal 65, The detailed operation of all of
these data storing, transmitting and processing elements
is conventional and well-known in the art. Accordingly, 2
further discussion thereof is believed to be unnecassary
for a complete understanding of the present invention.
The keyboard 58 in the central controller can be zrranged
to enable an operator to provide the information for
selectively configuring the control panel 4 by storing in
the RAM 48 a table of the valid switches and LED's in 2z
specific control panel application. For example, in 2
control panel having a matrix of 32 switches and 64 LED's,
the information is stored on _the individual switches and
LED's as 8 bit entries each representing a valid switch
iocation and LED location in a row and column format.
This table is periodically read out from the RAM 48 via a
stored program in the ROM 46, and is serially communicated
over the connecting link 42 to the serial communication
circuit 38.

On the other hand, the selective actuation of a switch
in tne switch matrix 10 is detected, identified and stored

in a table in the RAM 36 under the control of a program
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stored in the ROM 34. The actuated switch data is
periodically compared with the table of valid switch data
sent from the central controller to determine whether or
not the actuated switch is a valid switch. The
transmission of the switch and LED table data and the
comparison with the switch actuation data is, of course,
performed at a very high electronic speed in comparison to
the slow mechanical switch actuation operation. Thus, the
entire switch validity table is compared af least once
during the time that a switch is mechanically actuated by
an operator. Similarly, a similar table with entries for
valid LED's to be energized is sent to the control panel
where each table entry represents a valid LED location in
a row and coiumn format. Finally, the digital computer 32
in the contrcl panel 4, after comparing the switch
actuation information, stores a table of switch actuation
data in the form of digital words, e.g., four words or
pytes of eignht bits each for thirty two switches. Upon a

request from the central controlier, the computer 32 sands

[4Y]

the stored digital words back to the central controlier to
identify the switch status. The digital computer 50 in
the central controller, accordingly, produces a conirol
word for application to the digital output 54 to provide
an output signal on the output terminal 65 for operating
the machine to be controlled 2 in response to the
actuation of a valid switch. Digital inputs on the input
terminal 63 which may originate at the machine to be
controllied 2 are supplied to the central controller for
utilization in accordance with the stored program in the
ROM 46. The computer controller 50 may also produce

digital outputs on the digital output 64 to directly
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affect the machine or system being contreoiie

[

5y the
control panel 4.

Accordingly, it may be seen that there has bean
provided; in accordance with present invention, an

impro?ed machine control panel.
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Claims:

A control panel comprising

a matrix of a plurality of pressure sensitive switches (10),

a matrix of a plurality of light emittinc indicators (12),

characterized by

a.) a support means (14) for supporting said switches and
said indicators in a substantially coplanar relation-
ship,

b.) an aperture layer (16) overiying said supnort means (14)
and said switches (10) and indicators (12} and having
Tight transmissive apertures (18) therein aligned with
respective ones of said indicators,

c.) aperture covers (19) Tocated on said aperture layer
for selectively blocking light transmission through
selected ones of said apertures and

d.) label means (22) selectively located on said aperture
layer and having 1ight transmissive apertures (24)
aligned with preselected Tight transmittinao ones of
said apertures in said aperture laver.

A control panel according to Claim 1, character-
iz ed in t hat said aperture laver {16} in-
cludes flexible material capable of transmitting switch
actuation pressures to said switches (10) and an onague
coating (20) surrounding said apertures (18).

A control panel according to Claim 2, character-
iz ed in t hat said aperture layer (16) is a
sheet of said flexible material.

A control panel comprising

a matrix of a plurality of pressure sensitive switches (1%),
a support means (14) for supporting said switches in a
substantially coplanar array,

characterized by

a pressure transmissive layer (16, 26) overlving said
support (14) means and said switches (10) and

label means (22) selectively located on said layer.
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A controi panel comprising 4

a matrix of a plurality of light emitting indicators (12),

2 support means (14) for supporting said indicators in a

substantially coplanar relationship, character -

iz ed by

e.) an aperture layer (16) overlying said suoport means
(14) and said indicators (12) having 1ight transmissive
apertures (18) therein aligned with respective ones of
said indicators,

f.) aperture covers (19) Tocated on said aperture layer for
selectively blocking 1ight transmission through select-
ed ones of said apertures and

¢.) label means (22) selectively located on said aperture
layer (16) and having light transmissive apertures
(24} aligned with preselected light transmitting ones
of said apertures (28) in said aperture layver (16).

control panel according to one of the claims 1 to 5,

1>

characterized b v a transparent cover
layer (2€) overlying said aperture layer (16) to protect
said labels (22) and said aperture covers {19).

A control paneT according to one of claims 1 to 5,
characterized in that said indica-
tors (12) are light emitting diodes (LED).
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