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Abstract of the Disclosure

A time-division multiplexing system includes a control unit and multiple
I/0 units. The control unit generates timing signals that select one of the /O
units to be enabled at any time, and the timing signals include clock signals
that index selected channels within the enabled |1/0O unit. The control unit
stores both Boolean logical relationships among the channels of the multiplex
system and functional names for the channels of the multiplex system in a

reprogrammable memory. The control unit can be programmed with a
programming system that uses a graphical user interface to make the

programming operation simple and reliable.
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Time-Division Multiplex Control Unit,
I/0 Unit, and Programming System

Background of the Invention

This invention relates to time-division multiplexing systems, of the type
which may, for example, be .used to control loads on a vehicle such as a
truck, bus, or automobile.

U.S. Patent 4,907,222, assigned to the assignee of the present
invention, describes a commercially successful time-division multiplexing
system. This system has been used in many commercial applications, and it
provides a simple, two-line bus having ten separate channels. Data, which
can either be input data or output data, is applied to the data portions of the
ten channels. In this way, inputs can be efficiently linked with outputs, while
minimizing cabling requirements.

The present invention Is directed to components for a time-division

multiplexing system that provide further operational advantages.

Summary of the Invention

This invention is defined by the following claims, and nothing in this
section should be taken as a limitation on those claims.

By way of introduction, it can be stated here that the time-division
multiplexing system described below provides three important advantages
over the prior-art system of U.S. Patent 4,907,222. First, the system
described below uses a timing system that includes clock signals, as well as
first and second synchronization signals. The first synchronization signals

divide the clock signhals into sets, and one clock signal within each set is

associated with each respective channel on the respective 1/0 unit. The first
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synchronization signals are grouped in sets, and within each set each of the first
synchronization signals corresponds to and indicates a respective one of the 1/0
units. The second synchronization signals mark the boundaries between the
adjacent sets of the first synchronization signals, and are used to insure that all of
the 1/O units are reset properly at the end of a complete set of the first
synchronization signals. This arrangement allows a large number of I/O units to
be included In the multiplexing system simply and efficiently.

Another improvement of the multiplexing system described below relates
to the manner in which the system is programmed. The programming system
described below utilizes a graphical user interface that graphically displays both
the Boolean relationships between selected multiplex channels, as well as
functional names of the multiplex channels. This graphical user interface allows
the user to select the desired Boolean relationships and to alter the functional
names as appropriate. Once the Boolean relationships and the functional names
have been selected, the programming system stores both types of information in
the memory of the control unit of the multiplexing system. This approach provides
great flexibility and ease of programming. Users without special training in
computer programming can readily select the desired Boolean relationships and
store them in the control unit.

A third iImprovement of the system described below relates to the manner
In which the control unit of the multiplexing system includes a programmable
memory that stores both the functional names of at least some of the multiplex
channeis and the Boolean relationships among selected ones of the multiplex
channels. By storing the functional names in the memory of the control unit,
reprogramming of the contrcl unit is facilitated, and the need to retain additional
documentation is reduced or eliminated.

In one aspect the invention therefore provides a time-division multiplexing
system control unit adapted for use with a plurality of I/O units. The I/O units are
each associated with at least one respective multiplex channel. The control unit
comprises a logic unit operative to generate timing signals for the I/0O devices. The
timing signals comprise a plurality of clock signals associated with a separate

respective one of the I/O units. There Is also a plurality of first synchronization
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signals grouped In sets, each first synchronization signal interposed between two
adjacent sets of clock signals such that the first synchronization signals mark
boundaries of the sets of clock signals. There is also a plurality of second
synchronization signals each second synchronization signals interposed between
5 two adjacent sets of the first synchronization signals such that the second
synchronization signals mark boundaries of the sets of the first synchronization
signails.
The invention itself will best be understood by reference to the following
detailed description, taken in conjunction with the accompanying drawings.
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Brief Description of the Drawings

Figure 1 is a block diagram of a time-division multiplexing system that
Incorporates a preferred embodiment of this invention.

Figure 2 Is a block diagram of the control unit of Figure 1.

Figures 3-4 are timing diagrams Iillustrating operation of the control unit
of Figure 2.

Figure 5 is a block diagram of one of the 1/O units of Figure 1.

Figures 6-8 are timing diégrams illustrating operation of the I/O unit of
Figure 9.

Figure 9 is a block diagram of the programming system of Figure 1.

Figures 10 and 11 are illustrations of screens displayed by the Label
editor of Figure 9.

Figure 12 is an illustration of a screen displayed by the Boolean editor

of Figure 9.

Detailed Description of the
Presently Preferred Embodiment

" Turning now to the dréwings, Figure 1 is a block diagram of a time-
division multiplexing system 10 that includes a control unit 12 and three types
of I/O units 14, 16, 18. The control unit 12 is connected to a battery 20 via a
fuse 22, and the control unit 12 is connected to the I/O units 14, 16 by a
power conductor 24, a signal conductor 26 and a ground conductor 28. The
I/0 units 18 are connected directly to the battery 12 via power conductors 30
and fuses 32. Electronic circuits of the I/O units 14, 16, 18 are powered by
voltages associated with timing signals on the signal conductor 26, as
described below. Loads connected to the I/0 units 14, 16, 18 are powered by
the power conductors 24, 30.

Three different types of I/0 units 14, 16, 18 are shown to illustrate a
few of the many forms the 1/O units can take. Each |/O unit 14 includes a
selected number of input push buttons 34, each associated with a respective

indicator lamp 36. Thus, each /O unit 14 includes six input channels, each
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associated with a respective one of the push buttons 34. Of course, a greater
or smaller number of push buttons can be used in other embodiments.

The I/O unit 16 includes input channels that are connected to
respective switches 38. The I/O unit 16 functions to provide input signals to
the signal conductor or bus 26, but in this case the switches 38 are mounted
externally of the 1/O unit 16, and the /O unit 16 includes ten input channels.

Each I/O unit 18 provides a combination of output channels and input
channels. In the example of Fig'ure 1, each I/O unit 18 includes six output
channels, and each of the output channels is connected to a respective load
40. The loads 40 can take any suitable form, such as lights, motors, relays,
or the like. The output channels can either source or sink power to the
respective loads 40. In this embodiment four input channels are provided,
and each of the input channels is connected to a respective switch 42. The
switches 42 control the signal placed on the input channels. Of course, the
number of output channels and the number of input channels can be varied
as appropriate. Although not shown, an /O unit can also be formed which
consists exclusively of output channels without any input channels.

As shown in Figure 1, the control unit 12 is programmed by a program-
ming system 44. The programming system 44 is typically connected to the
control unit 12 only temporarily, during initial setup of the control unit 12. The
control unit 12 is disconnected from the programming system 44 for
autonomous operation between programming sessions.

Figure 2 provides a block diagram of the control unit 12. As shown in
Figure 2, the control unit 12 includes a microprocessor 46 that is connected to
the signal conductor or bus 26 via input comparators 48, output drivers 50,
and timing signal drivers 52. The microprocessor 46 is coupled to a serial [/O
port 55 that is used to connect the control unit 12 to the programming system
44 as described below. The microprocessor 46 is also coupled to a program

memory 54 and to an application memory 56. The program memory 54

stores the operating system for the microprocessor 46, and the application
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memory 56 includes two sections. The first section stores the Boolean
relationships that are used by the microprocessor 46 to control the output
drivers 50. The application memory 56 also includes a second section that
stores a list of functional names for the respective channels of the multiplex
system. In this example there are up to 16 I/O units, each having up to ten
channels. Thus, a total of 160 channels A1-A10, B1-B10 . . . P1-P10 are
Included, each associated with a respective functional name. Each functional
name typically describes the function of the respective channel for the
particular application. For example, in an automotive application channel A1

may have the functional name “Master Light Switch”.

The microprocessor 46 controls the timing signal drivers 52 to generate

three types of timing signals, as shown in Figure 3: clock pulses 58, first
synchronization signals 60, and second synchronization signals 62. In Figure
3, the first synchronization signals 60 have a pulse duration greater than that
of the clock pulses 56, and the second synchronization signals are double
pulses. Of course, these relationships are not critical, and they can be
changed as appropriate for the particular application.

The clock pulses 58 are arranged in sets, and each set of clock
pulses 58 Is associated with a separate respective 1/0O device. Adjacent sets
of clock pulses 58 are separated by first synchronization signals 60. Thus,
the first synchronization signals 60 mark the boundaries of the sets of clock
pulses 58. Each first synchronization signal 60 is associated with a separate,
respective one of the I/O units, and a complete set of first synchronization
signals includes 15 separate first synchronization signals. The boundaries
between adjacent sets of first synchronization signals are marked by the
second synchronization sighals 62.

As shown in Figure 3, the clock pulses 58 immediately following a
second synchronization signal 62 are associated with a first |/0 unit A, and
the clock pulses 58 demarcate channels A1, A2 . . . A10 associated with this

first I/0 unit. The next signal is a first synchronization signal 60 that indicates
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that the next set of clock pulses 58 is associated with the next I/0 unit, unit B
In this example. The clock pulses 58 of the second set demarcate the 10
channels B1, B2 . . . B10 associated with the second I/O unit. This pattern of
sets of clock pulses 58 separated by first synchronization signals 60 repeats
until all 16 1/0 units have been addressed. The last set of clock pulses 58
corresponds to the 10 channels P1, P2 ... P10. Channel P10 is immediately
followed by another second synchronization signal 62 that causes the cycle to
repeat. '

Figure 4 provides further information in the manner in which
information is exchanged on the signal conductor or bus 26. Following a first
synchronization signal 60, individual channels are defined by individual clock
pulses 58. Each channel represents a period of time in which the voltage on
the data bus 26 can be at the Data A level, the Data B level, or the No Data
level, as shown in Figure 4. The control unit 12 and the |/O units 14, 16, 18
each include drivers for placing a voltage on the signal bus at the appropriate
time In one of these three data levels, and for reading the voltage on the bus.
If desired, more than three data levels or analog (continuously variable)
voltage levels can be used.

Figure 5 provides a block diagram of one of the I/0 units 18. As shown
in Figure 5, the I/O unit 18 includes a clock signal receiver 64, a first
synchronization signal receiver 66, and a second synchronization signal
receiver 68. The receivers 64, 66, 68 are sensitive to the respective signals,
and produce received signals or outputs as shown in Figures 6-8,
respectively. As discussed above, clock signals identify individual multiplex
channels, first synchronization signals identify individual 1/O units, and second
synchronization signals identify the start of a complete cycle of addresses of
/0 units A-P.

The received clock signals generated by the receiver 64 are applied to

the clock input of a channel counter 70. The received first synchronization

signals generated by the receiver 66 are applied to the reset input of the
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channel counter 70 and to the clock input of a module select counter 74.
Recelved second synchronization signals generated by the receiver 68 are
applied to a reset input of the module select counter 74.

The output of the module select counter 74 increments from one to 16,
before being reset to one by a received second synchronization signal applied
to the reset input of the counter 74. The output of the module select counter
74 1s applied to address logic 76 that is also connected to an address register
/8. The address register 78 stores the address of the respective 1/O unit 18,
and can take any suitable form, including software registers, jumper cable
registers, or the like. The address register 78 stores a number between one
and 16 as appropriate for the respective I/0O unit 18. The address logic 76
compares the inputs received from the module select counter 74 and the
address register 78 and produces a module enable signal E for the
appropriate set of clock pulses. For example, if the address register 78 is set
at B or 01Hex, the address logic 76 will provide the enable signal E only for
the second set of clock pulses after each received second synchronization
signal Is received.

The channel counter 70 is reset by each received first synchronization
signal and counts individual received clock signals. The output S of the
channel counter 70 is a count indicative of the channel number that is
currently active on the signal bus 26.

Input switches apply input signals to channel select logic 79 that also
recelves the count S from the counter 70. The input signal from the input
switch associated with the currently active channel, as indicated by the signal
S, Is passed by the channel select logic 79 to enable logic 80. Enable logic
80 receives the enable signal E and, when the respective 1/O unit is enabled,
passes the output signal from the channel select logic 79 to a data writer 82.
The data writer 82 then applies the appropriate voltage (Data A, Data B, or
No Data) to the appropriate channel on the signal bus 26, as indicated in

Figure 4.
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With respect to outpufs, the output channel logic 72 receives as inputs

the enable signal E, the count S from the counter 70, and received data from

the data receiver 84. When the respective I/O unit 18 is enabled. as indicated
by the signal E, the output channel logic 72 applies data as read by the data
receiver 84 to the respective output drivers on channels as indicated by the
count S. In order to reduce output errors, output channels are not latched
until it has been determined that exactly the expected total number of clock
pulses were received in a given'set of clock pulses.

Thus, the I/O unit 18 operates to place data on the signal bus 26 at
respective data channels, as dictated by the states of the input switches, and
to control the output drivers as a function of the data levels on the respective
channeis of the signal bus 26. As described above, each respective 1/0
unit 18 Is enabled only for the set of clock pulses corresponding to the
address stored in the address register 78.

The second synchronization signals ensure that all of the I/O units are
properly synchronized. The first synchronization signals are counted to
ensure that only the appropriate one of the I/O units is enabled at any given
time. The clock signals are counted to sequence through the channels
associlated with each 1/0O unit.

Figure 9 provides a block diagram of the programming system 44. In
general, a conventional computer can be used to implement the programming
system, such as a suitable personal computer. The programming system
includes four modules that will be discussed here. The first of these modules
Is a control unit read system that allows the programming system 44 to read
and store the contents of the application memory 56 of the control unit 12
(Figure 2). '

The second module is a control unit programming system that allows
the programming system 44 to store Boolean relationships and a functional

name list into the application memory 56.
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The third module is a label editor that allows the user to provide or to
revise functional names for selected multiplex channels. With the label editor
a user can customize functional names to correspond to the actual functions
associated with respective muitiplex channels. This facilitates programming
and understanding the operation of the control unit 12.

The fourth module is a Boolean editor that allows the user to define the
Boolean relationships among the various channels of the multiplex system.
As described below, the Boolean editor includes a graphical user interface
display system that displays the Boolean relationships in graphical form and
allows the user to select the desired Boolean relationships and to alter these
relationships. This graphical user interface also includes a channel list
display system that lists the various channels of the multiplex system and
allows a user to scroll through the list and to select the desired channel when
setting up desired Boolean relationships. The graphical user interface display
system also includes a selection system that allows a user to select the
Boolean not operation. The label editor and the Boolean editor will be
described in greater detail below in conjunction with Figures 10-12.

The label editor allows the user to name both the I/O units and the
channels of the I/O units. Figure 10 shows a screen 100 used by the label
editor to allow the user to define the functional names of individual I/O units.
simply by typing the desired names in the respective text entry regions 102.

Figure 11 shows a screen 110 used by the label editor to allow the
user to define the functional names of individual channels. The user selects
one of the modules or I/0O units by entering a letter between A and P, either
by typing the associated letter in a designated region or by selecting a module
from a list with a scroll bar. Once the module or I/O unit has been selected,
the label editor allows the user to select a channel, and then to type in a
name for the selected channel of the selected I/O unit in a text entry region
112 of the screen 110. These names can be freely assigned by the user to

communicate the function of the respective channels. Once the channels
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have been named as appropriate for a particular application, the need for
separate documentation of the Boolean relationships programmed into the
control unit is substantially reduced. The label editor stores the functional
names once entered by the user for later storage in the control unit 12 via the
control unit programming system.

The Boolean editor uses a graphical user interface. This graphical
user interface allows the user readily to select or modify the Boolean
relationship for any given multipiex channel. The user first defines the
module and the channel to be programmed by using a channel selection
screen (not shown) to call up a screen 120. In this example module A,
channel 1 has been selected, as indicated in display regions 122, 124, and
channel 1 has been given the functional name R.H. Int Lights, indicating the
right hand interior lights of a vehicle.

The main body of the screen 120 defines the Boolean relationship that
IS used to control channel A1. In this example, Q = 1 (i.e. the right hand
interior lights are turned on) only if channel A8 (Master Light Switch) is on and
channel A9 (Right Hand Interior Light Switch) is on, and channel A7 (Ignition)
Is on. Note that each of the channels in Product Group A can be freely
selected by the user by scrolling through a list of available channels using the
scroll bars 126, 128, 130. Alternatively, the corresponding letter and number
may be typed into the text entry regions 132, 134, respectively. The user
does not have to remember the function of individual channels, since the
functions are indicated by the functional names. Furthermore, the user does
not have to remember the existence of individual channels, because the user
can simply scroll through the available channels to find the channel of
interest. Thus, the software that generates the screen of Figure 12 includes a
Boolean relationship selection or modification system, a channel list display
system and a channel selection system. The Boolean editor allows any of the
160 multiplex channels to be programmed as an input channel or as an

output channel, as appropriate for the particular application and the particular
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/O units of the application. Since specific channels are not pre-assigned as
Inputs or outputs, the multiplex system 10 provides great flexibility.

As shown in Figure 12, logical OR and NOR operations can be
performed using Product Groups A and B. Appropriate channels are entered
as described above in Product Groups A and B, which are combined with a
logical OR. The features of the screen 120 described above allow a full set of
Boolean operations (including AND, NAND, OR, NOR, XOR and Flip Flop
operations) to be entered. '

An additional feature is that each of the channels is associated with a
check box 136 labeled “NOT Q". By checking this box, the user can
designate the Boolean NOT operation. In this way, Boolean AND functions
can be used to obtain any desired logical combination. The software that
generates the check boxes labeled “NOT Q" makes up a NOT selection
system.

The user can define the Boolean relationships used by the control unit
12 simply by progressing through the individual channels of the multiplex
system and using the screen of Figure 12 to enter the desired channels and
the desired Boolean relationships.

It should be apparent that the programming system 44 can readily be
used by someone with no detailed programming experience. This facilitates
initial setup and modification of the control unit 12 and allows a relatively
untrained person to set up the control unit 12.

The functions described above can readily be programmed by one of
ordinary skill in the art. The preferred embodiment of this invention is
intended to run in a Windows 95 environment, though any other programming
language or environment can be used. The widest range of programming
techniques, programming logic, and computers can be used to implement the

functions described above, and it is not intended to limit this invention to any

particular implementation.
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As used herein, in the time “reprogrammable memory” is intended
broadly to encompass any read/write memory, including RAM, flash memory,
EPROMs, and the like. The time “"memory” is intended broadly to encompass
one or more devices. A portion of memory may be made up of multiple
noncontiguous memory locations.

The term “Boolean relationship” is intended broadly to define the
logical relationship between inputs and outputs, and Boolean relationships
can be implemented in any desired language.

Of course, it should be understood that a wide range of changes and
modifications can be made to the preferred embodiment described above.
The number of clock pulses within a set of clock pulses, the number of first
synchronization signals within a set of first synchronization signals, and the
specific hardware implementation can all be adjusted as appropriate for the
particular application. Furthermore, the various improvements included in the
system 10 can be used separately from one another rather than together. For
example, the programming system can be used with a multiplexing system
that uses other types of timing signals than those described above, and vice-

versa. The digital logic unit of the control unit may take the form of integrated

circuits instead of a micro-processor. As another alternative, the digital logic

unit of the I/O units may take the form of a microcontroller or microprocessor.
In this case, various elements such as the channel counter and the module
select logic may be implemented in software.

Since the foregoing detailed description has described only a few of
the many forms this invention can take, it is intended that the invention itself
be defined only by the following claims, including all equivalents, and not by

the foregoing detailed description.
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WHAT IS CLAIMED IS:

1. A time-division multiplexing system control unit adapted for use with a
plurality of 1/0 units, said /O units each associated with at least one respective
multiplex channel, said control unit comprising:

a logic unit operative to generate timing signals for the I/O devices, said
timing signals comprising:

a plurality of clock signals grouped in sets, each set of clock signals
associated with a separate respective one of the 1/0 units;

a plurality of first synchronization signals grouped in sets, each first
synchronization signal interposed between two adjacent sets of clock signals such
that the first synchronization signals mark boundaries of the sets of clock signals;

a pluralty of second synchronization signals, each second
synchronization signal interposed between two adjacent sets of the first
synchronization signals such that the second synchronization signals mark

boundaries of the sets of first synchronization signals.

2. The invention of claim 1 wherein the first synchronization signals and the
clock signals are characterized by respective pulse durations, and wherein the
pulse duration of each first synchronization signal is greater than the pulse duration

of each clock signal.

3. The invention of claim 1 wherein each first synchronization signal
comprises a single pulse, and wherein the second synchronization signal

comprises a double pulse.

4. The invention of claim 1 wherein each first synchronization signal is
associated with a separate respective one of the 1/O units, and wherein each

second synchronization signal is associated with a first one of the 1/O units.

5. A time-division multiplexing system |/O unit comprising:

a clock signal receiver responsive to clock signais generated by a control
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unit to generate received clock signals;

a first synchronization signal receiver responsive to first synchronization
signals generated by the cc»ntrol unit to generate received first synchronization
signals;

a second synchronization signal receiver responsive to second
synchronization signals generated by the control unit to generate received second
synchronization signals;

a channel counter responsive to the received clock signals to step
through a plurality of I/0 channels;

a module select logic responsive to the received first synchronization
signhals to increment a count;

an address register operative to store an address:;

sald module select logic reset by the received second synchronization
signals and operative to enable the /O unit only when the address corresponds to

the count of the module select logic.

0. The invention of claim 5 wherein the channel counter is responsive to the

received first synchronization signals to reset the channel counter.

/. The invention of claim 1 in combination with a programming system for
the time-division multiplexing system control unit, said control unit further
comprising a re-programmable memory operative to store Boolean relationships
among selected multiplex channels, said programming system comprising:

a graphical user interface, comprising first means for displaying a first one
of the Boolean relationships graphically, said first means comprising means for
displaying first functional names of at least selected ones of the multiplex channels
included in the first Boolen relationship; and

means for selecting the first Boolean relationship and the first functional
names in response to user input; and means for storing the selected first Boolean

relationship in the memory.

8. The invention of claim 7 wherein the selecting means comprises:
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means for presenting a user with a list of functional names of a plurality

of the multiplex channels; and

means for accepting user designations of a selected functional name

included In the list.

5
9. The invention of claim 8 wherein the selecting means further comprises:
means for accepting user designations of a displayed region indicative
of a Boolean NOT operation.

10 10. The invention of claim 7 wherein the Boolean relationships are selected
from the group consisting of. AND, NAND, OR, NOR, XOR and combinations
thereof.

11. The invention of claim 1 wherein the control unit further comprises:
15 a re-programmable memory; and
a digital logic unit coupled to the memory;
said memory comprising a first portion storing functional names of at least
some of the multiplex channels, and a second portion storing Boolean relationships
among selected ones of the multiplex channels,

20 each of said functional names verbally describing a respective function
of the respective multiplex channel, said digital logic unit operative to generate
control signals for the output devices as a function of the stored Boolean
relationships.

25 12. The invention of claim 11 further comprising:

a programming system coupled to the control unit, said programming
system comprising:

means for reading the first functional names and the first Boolean
relationships from the memory; and

30 means for displaying the first functional names and the first Boolean

relationships to a user.
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13. The invention of claim 12 wherein the programming system further

comprises:

means for modifying the first functional names in response to user input;

means for modifying the first Boolean relationships in response to user
5 Input; and

means for storing the modified functional names and the modified

Boolean relationships in the memory.

CASSAN, MACLEAN
P.O. Box 11100, Stn. "H"
Suite 401, 80 Aberdeen Street

Ottawa, Canada
K2H 718

Agents for the Applicant

e e e et e e - . A e A M A BT L) et A Rt SO I I S e+ =SB et (b A o« AL ENES S Caie. 4 APk - it Mt A dtie vk 2 W6 7: - - reeEr AN TN TR 5Bt rredbra datl: - s eV cREUY Y B Ao MBI TRER A1t AR i s Tt ot Cee e e et iy AR T e B B Ty (K ¢ -5 TR MY (M A VI 1L B 2 ARSI . S SR gt oh SRS TN NPT oMU R (i A S o ML AT Cp IS M A LAY L S PR N 2 A L i, 3



1998-09-29

022490355

CA

L TP o1~ .

@lJ
e——
=~ 1
ST,
o

Cs 1
=11
ST,

— ]

o o 1 2 U e e et v e W e

,_ M@- FHQHNWHQE - ?H.-Muhﬂ&& .@u __

w=w —
o= g OO0
| d | ] !

0_
1IN
TOYLNOD
Tl
_ 0 b b

- L
(000} 00,9
§ U a T
OOOC x: L

WNJLSAS
INIWWYHO0OYHJ




SIGNAL
BUS

26

5S¢

CA 02249055 1998-09-29

/6

=

INPUT COMPARATORS
OUTPUT DRIVERS MPU

TIMING SIGNAL
DRIVERS
PROGRAM
MEMORY

APPLICATION
- MEMORY

> 1A

BOOLEAN RELATIONSHIPS

P1o—

SR @ Jeenyyy SEnEny AN 2T UINEE $ AN WEES AN 2 2TEPWE 2 2Sawes TN 0 SRR 0 Sy AR $ Yeepmyy GVEEER WA AR

P10 : NAME 160

SERIAL DATA I :
55”{ PORT —




02249055 1998-09-29

CA

E

- T
l
l
l
|
l
l
l
- ——d

A

4

ON C(9¢ TINNVYHD 8¢ 13INNVHD

<
<L
(]
CX
<

IHONAS puC
d3AI303Y

L sy

Mleleate
G3JAI1303Y

HONAS 151
d3AI303 Y

f

|
8 v 9 old “g¢ &%
TANNVHD  TINNVHD

1O
TANNYHD TINNVHD

07

07 0Olgd ‘¢S ¢&£d

TINNVHD TINNVHDO

TANNYHO

TINNVYHD




CA 02249055 1998-09-29

TO SIGNAL

BUS TO OUTPUT

DRIVERS

70

78
’ CHANNEL %) ADD
COUNTER REG

74
SELECT ADDRESS
COUNTER LOGIC
2N0 SYNCH 2
SIG. REC
80 76
82 .
DATA ENABLE @
WRITER LOGIC
79
CHANNEL . FROM
SELECT . INPUT
LOGIC : SWITCHES

44
PROGRAMMING SYSTEM

— CONTROL UNIT READ SYSTEM
— CONTROL UNIT PROGRAMMING SYSTEM
- LABEL EDITOR

- BOOLEAN EDITOKR
GUI DISPLAY SYSTEM
BOOLEAN RELATIONSHIP SELECTION SYSTEM

CHANNEL LIST DISPLAY SYSTEM
CHANNEL SELECTION SYSTEM

NOT SELECTION SYSTEM

i




CA 02249055 1998-09-29

5/¢

MODULE LABEL EDITOR

PHYSICAL IPX MODULES

MODULE A | MID _CABIN MODULE { |[MODULE _ |
MODULE B MODULE J |[MODULE_J

MODULE C|I|LEFT FRONT | MODULE K |[MODULE_K
MODULE D |OVER ENTRY DOOR| MODULE L | MODULE_L

MODULE E |RIGHT REAR MODULE M |MODULE _M
MODULE F {LEFT REAR MODULE N | MODULE_N

102 1TIMODULE G [BEHIND DRIVER | MODULE O |MODULE.O
MODULE H{MODULE_H MODULE P |[MODULE_P

100 VIRTUAL MODULE Q [ VIRTUAL MODULE —Q
Ur| TIMER CONTROL MODULE R [TMR EDGE MODULE R
TIMER STATUS MODULE S | TMR STATS MODULE S

/C/'g /0

MODULE LABEL EDITOR

MODULE

123456789012345 123456769012345

CHANNEL 1 |R.H. INT LIGHTS | CHANNEL 2 |L.H.INT. LIGHTS

112

CHANNEL 3 |CAB LIGHT CHANNEL 4 [SIDE MARKER LIS
0 CHANNEL 5 IBUS STOPN SIGNI CHANNEL 6 |BUS STOPN BELL
l

L CHANNEL 7 [IGNITION CHANNEL 8

CHANNEL 9 [RH.INTLT SW | CHANNEL 10 [ALT+ ]

[CANCEL |
Fig. /7




02249055 1998-09-29

CA

6 /6

TINNVHO HOLIMS [

TANNVHD 1ndino 4 L=1ndLn0o O 1nv43ad

4] @
] _: [__NOILINDI]
N\a @: I_H_M_G.SZD ] 0%l E Euo.rozDu _
any oz< 9¢1 |
E ozi— | (&l |
L] -~ s 13w wy
@: ] ) av o8O 1 | aonO o @2 6] [v] 10108001 |10NO | LONCT =0
. | |
ANy ANV
4 &
] ¢ [Ms 1H9N w3 LSvAA
@: (1] [T]3® 1tonO 3 0] @: 9] [v] 101080 3
- g dNoYo 12000yd vV dNOY¥9 1Inao¥d h
T
x4 SWYIL dNOYD LING0Yd 40 WNS
E __MO SIHOITUNU'HY] | T |I3NNVHD [V~ 31ndowW] [ v |31naon

>l d0L1d3 NVIT008 Xdl




g

NiEl<IEI=IA]

o R i —
N ﬁ4'4 © r- —
S vATEN coNTROL |}~ 7% g I@
; El]
& |-
26 28 F
32 30~ 30 = { [ " 24 V[
- : ,___:QL &l
\ J
11 I 1 ""TT"'"'I_L\_. ig_l_‘J—l_l\
: E N
1/0 UNIT 844 1/0 UNIT

J

100

0010




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing

