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(54) Serial communication module with multiple receiver/transmitters

(57) A serial communication system (100) includes
a plurality of slave modules (102), and a master module
(106) comprising a first port (116) and a second port
(118), each of the first port and the second port coupled
to each of the plurality of slave modules. The master mod-

ule is configured to initialize the first port to space parity,
initialize the second port to mark parity, transmit at least
one data byte to at least one of the plurality of slave mod-
ules via the first port, and transmit at least one command
byte to at least one of the plurality of slave modules via
the second port.
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Description

BACKGROUND

[0001] The embodiments described herein relate gen-
erally to serial communications and, more particularly, to
serial communications transmitted via a multiport com-
munication module.
[0002] At least some known communication networks
use a 9-bit serial communication protocol to facilitate min-
imizing load on slave modules by using a ninth bit of each
byte as an indicator bit. For example, in some known
communication networks the ninth bit is set to one for
command bytes, and is set to zero for data bytes. How-
ever, some master modules include receiver/transmitters
that do not support a 9-bit communication protocol, but
rather require use of an 8-bit communication protocol.
[0003] Accordingly, at least some known communica-
tion networks use an 8-bit serial communication protocol,
wherein a master module uses a single receiver/trans-
mitter to communicate with the slave modules. For each
byte to be transmitted to the slave modules, at least some
known master modules set a parity bit to indicate whether
the byte is a data byte or a command byte. In at least
some known master modules, such a configuration re-
quires multiple commands to configure and/or reconfig-
ure the single receiver/transmitter.

BRIEF DESCRIPTION

[0004] In one aspect, a method is provided for imple-
menting serial communications between a master mod-
ule and at least one slave module in a communications
network. The method includes initializing a first receiver/
transmitter of the master module to space parity, initial-
izing a second receiver/transmitter of the master module
to mark parity, and determining whether a first byte of a
message is a command byte or a data byte. If the first
byte is a data byte, the first byte is transmitted to the at
least one slave module using the first receiver/transmit-
ter. If the first byte is a command byte, the first byte is
transmitted to the at least one slave module using the
second receiver/transmitter.
[0005] In another aspect, a serial communication sys-
tem is provided. The serial communication system in-
cludes a plurality of slave modules and a master module.
The master module includes a first port and a second
port, wherein each of the first and second ports are cou-
pled to each of the slave modules. The master module
is configured to initialize the first port to space parity,
initialize the second port to mark parity, transmit at least
one data byte to at least one of the slave modules via
the first port, and transmit at least one command byte to
at least one of the slave modules via the second port.
[0006] In another aspect, a master device is provided
for use with a serial communication system. The master
device includes a multiport communication module and
a microprocessor. The multiport communication module

includes a first universal asynchronous receiver/trans-
mitter (UART) coupled to a plurality of slave modules via
a network, a second UART coupled to the slave modules
via the network. The microprocessor is coupled to the
first and second UARTs via a bus, and is configured to
initialize the first UART to space parity, initialize the sec-
ond UART to mark parity, transmit at least one data byte
within a message to at least one of the slave modules
via the first UART, and transmit at least one command
byte within the message to at least one of the slave mod-
ules via the second UART.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The embodiments described herein may be
better understood by referring to the following description
in conjunction with the accompanying drawings.

FIG. 1 is a schematic block diagram of a serial com-
munication system.

FIG. 2 is a flowchart illustrating an exemplary method
of implementing serial communications within the
serial communication system shown in FIG. 1.

DETAILED DESCRIPTION

[0008] In some embodiments, the term "microproces-
sor" refers generally to any programmable system includ-
ing systems and microcontrollers, reduced instruction set
circuits (RISC), application specific integrated circuits
(ASIC), programmable logic circuits (PLC), and any other
circuit or processor capable of executing the functions
described herein. The above examples are exemplary
only, and thus are not intended to limit in any way the
definition and/or meaning of the term processor.
[0009] In some embodiments, the term "module" refers
generally to any device that enables a serial communi-
cation via a network. Exemplary devices include comput-
ers, microcontrollers, sensors, and the like. The above
examples are exemplary only, and thus are not intended
to limit in any way the definition and/or meaning of the
term module. Moreover, it should be understood that the
term "module" may be used interchangeably with the
term "node."
[0010] In some embodiments, the term "network" re-
fers generally to any multidrop network that includes at
least one master and one or more slaves. Exemplary
multidrop networks include, but are not limited to only
including, RS-485 networks and RS-232 networks. How-
ever, any suitable network may be used in the embodi-
ments described herein.
[0011] In some embodiments, the term "port" refers
generally to a communication port, such as a serial port,
that transmits and/or receives data. Exemplary commu-
nication ports include, but are not limited to only including,
universal asynchronous receiver/transmitters (UARTs)
and universal synchronous receiver/transmitters (US-
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ARTs). However, any suitable communication port may
be used in the embodiments described herein.
[0012] Described in detail herein are exemplary em-
bodiments of methods, systems, and apparatus that fa-
cilitate using two ports of a multiport communication mod-
ule to transmit data over a 9-bit network using 8-bit
UARTs. Using two ports facilitates decreasing a delay
between transmissions of each byte from a master to a
slave. Decreasing such a delay facilitates decreasing
overall transmission times of messages within a multid-
rop network using multiport communication modules.
[0013] Exemplary technical effects of the embodi-
ments described herein include at least one of: (a) de-
termining a network address of a desired slave module;
(b) transmitting the network address to a plurality of slave
modules coupled to a master module via a network; (c)
initializing a first master module UART to space parity;
(d) initializing a second master module UART to mark
parity; (e) determining whether a message has been
stored for transmission to the desired slave module; (f)
if a message is not stored, periodically re-determining
whether a message has been stored for transmission or,
if a message is stored, determining whether a first byte
in the message is a data byte or a command byte; (g) if
the first byte is a data byte, transmitting the first byte to
the slave module via the first UART or, if the first byte is
a command byte, transmitting the first byte to the slave
module via the second UART; (h) determining whether
the message includes additional bytes; and (i) if the mes-
sage does include additional bytes, determining whether
a subsequent byte is a data byte or command byte or, if
the message does not include additional bytes, deter-
mining whether a subsequent message has been stored
for transmission to the same desired slave module or to
a different desired slave module.
[0014] FIG. 1 is a schematic block diagram of a serial
communication system 100 that may be used in, for ex-
ample, a high-speed communication network to facilitate
reducing communication time and minimizing a proba-
bility of a message time out error. In the exemplary em-
bodiment, system 100 includes a plurality of slave mod-
ules 102 that each includes a communication port 104.
Exemplary slave modules 102 include sensors, such as
temperature and/or pressure sensors, although any suit-
able device may be used as slave module 102 that in-
cludes communication port 104. In the exemplary em-
bodiment, port 104 is a universal asynchronous receiver/
transmitter (UART), such as an 8-bit UART. System 100
also includes a master module 106. Exemplary master
modules 106 include computers and automation control-
lers. However, any suitable device may be used as mas-
ter module 106.
[0015] In the exemplary embodiment, master module
106 includes a microprocessor 108 and a memory 110
coupled to microprocessor 108 via a bus 112. In some
embodiments, master module 106 may include more
than one microprocessor 108 and/or more than one
memory 110. In the exemplary embodiment, master

module 106 also includes a multiport communication
module 114 that includes at least a first communication
port 116 and a second communication port 118. In the
exemplary embodiment, first communication port 116
and second communication port 118 is a UART, such as
an 8-bit UART.
[0016] Moreover, in the exemplary embodiment, sys-
tem 100 includes a network 120 that couples, such as
communicatively or operatively couples, master module
106 and each slave module 102. More specifically, net-
work 120 couples first communication port 116 and sec-
ond communication port 118 of master module 106 to
port 104 of each slave module 102. Exemplary networks
120 include RS-485 networks. However, any suitable
multidrop network may be used as network 120.
[0017] FIG. 2 is a flowchart 200 illustrating an exem-
plary method of implementing serial communications
within a system, such as serial communication system
100 (shown in FIG. 1). Referring to FIG. 1, and in the
exemplary embodiment, master module 106 determines
202 a network address of a desired slave module 102.
More specifically, microprocessor 108 determines the
network address of the desired slave module 102 in mem-
ory 110. For example, in some embodiments, memory
110 may include a lookup table that lists an identifier and
a network address for each slave module 102.
[0018] In the exemplary embodiment, master module
106 transmits 204 an address byte to each slave module
102 via network 120, wherein the address byte includes
the network address byte associated with the desired
slave module 102. Master module 106 may transmit the
address byte using either first communication port 116
or second communication port 118. Each slave module
102 receives the address byte and determines whether
the network address included within the address byte
matches its own network address. Slave modules 102
with non-matching network addresses ignore any future
messages or bytes until another address byte is trans-
mitted by master module 106 via network 120. The de-
sired slave module 102 waits for additional bytes includ-
ing commands or data.
[0019] In the exemplary embodiment, master module
106 initializes 206 first communication port 116 to space
parity, and initializes 208 second communication port 118
to mark parity. Specifically, microprocessor 108 initializ-
es first communication port 116 such that a parity bit is
set to zero, and initializes second communication port
118 such that a parity bit is set to one. Once first com-
munication port 116 and second communication port 118
are each initialized to its respective parity, master module
106 determines 210 whether there exists a message to
be transmitted to the desired slave device 102. In some
embodiments, messages are queued in memory 110
based on, for example, a priority assigned to each mes-
sage and/or a type of message. Accordingly, microproc-
essor 108 determines whether memory 110 currently
stores a message that is to be transmitted to the desired
slave module 102 via network 120. If no message is
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stored for transmission to the desired slave module 102,
microprocessor 108 periodically re-determines whether
a message has been stored.
[0020] When a message is stored for transmission,
master module 106 determines 212 whether a first byte
of the message is a command byte or a data byte. Spe-
cifically, microprocessor 108 detects whether a final bit
of the first byte is a zero or a one. If the final bit is a zero,
microprocessor 108 detects that the first byte is a data
byte. If the final bit is a one, microprocessor 108 detects
that the first byte is a command byte. Use of a different
communication protocol enables different parity settings.
Accordingly, in an alternative embodiment, each data
byte has a final bit with a value of one, and each command
byte has a final bit with a value of zero. Moreover, in
another alternative embodiment, master module 106 is
configured to transmit any suitable 8-bit message via first
communication port 116 or second communication port
118 using any suitable 9-bit protocol. For example, first
communication port 116 may transmit any suitable 8-bit
message by adding a ninth bit to the message according
to the parity assigned to first communication port 116,
such as space parity. Similarly, second communication
port 118 may transmit any suitable 8-bit message by add-
ing a ninth bit to the message according to the parity
assigned to second In the exemplary embodiment, and
when the first byte is determined to be a data byte, master
module 106 transmits 214 the first byte to the desired
slave module 102 via first communication port 116 and
network 120. Specifically, microprocessor 108 retrieves
the first byte from memory 110 and transmits the first
byte to slave module port 104 via first communication
port 116 and network 120. When the first byte is deter-
mined to be a command byte, master module 106 trans-
mits 216 the first byte to the desired slave module 102
via second communication port 118 and network 120.
Specifically, microprocessor 108 retrieves the first byte
from memory 110 and transmits the first byte to slave
module port 104 via second communication port 118 and
network 120. The remaining slave modules 102 in system
100 ignore the first byte.
[0021] After transmitting the first byte, master module
106 determines 218 whether the message is complete.
Specifically, microprocessor 108 determines whether
memory 110 currently stores additional bytes associated
with the message that is to be transmitted to the desired
slave module 102. If no additional bytes are stored for
transmission to the desired slave module 102, microproc-
essor 108 re-determines 210 whether a message has
been stored in memory 110. In an alternative embodi-
ment, microprocessor 108 re-determines 202 a network
address of a different desired slave module 102. If mem-
ory 110 does have additional bytes stored for transmis-
sion to the desired slave module 102, microprocessor
108 re-determines 212 whether the next byte is a data
byte or a command byte.
[0022] Exemplary embodiments of methods, systems,
and apparatus for use in serial communication systems

are described above in detail. The methods, systems,
and apparatus are not limited to the specific embodi-
ments described herein but, rather, operations of the
methods and/or components of the systems or apparatus
may be utilized independently and separately from other
operations and/or components described herein. Fur-
ther, the described operations and/or components may
also be defined in, or used in combination with, other
systems, methods, and/or apparatus, and are not limited
to practice with only the methods, systems, and storage
media as described herein.
[0023] Although embodiments are described in con-
nection with an exemplary serial communication environ-
ment, embodiments are operational with numerous other
general purpose or special purpose serial communica-
tion environments or configurations. The serial commu-
nication environment is not intended to suggest any lim-
itation as to the scope of use or functionality of any aspect
of the embodiments described herein. Moreover, the se-
rial communication environment should not be interpret-
ed as having any dependency or requirement relating to
any one or combination of components illustrated in the
exemplary operating environment. Examples of well
known serial communication systems, environments,
and/or configurations that may be suitable for use with
the embodiments described herein include, but are not
limited to, personal computers, server computers, hand-
held or laptop devices, multiprocessor systems, micro-
processor-based systems, set top boxes, programmable
consumer electronics, mobile telephones, network PCs,
minicomputers, mainframe computers, distributed com-
puting environments that include any of the above sys-
tems or devices, and the like.
[0024] The order of execution or performance of the
operations in the embodiments illustrated and described
herein is not essential, unless otherwise specified. That
is, the operations may be performed in any order, unless
otherwise specified, and embodiments may include ad-
ditional or fewer operations than those disclosed herein.
For example, it is contemplated that executing or per-
forming a particular operation before, contemporaneous-
ly with, or after another operation is within the scope of
the described embodiments.
[0025] When introducing elements of aspects of the
invention or embodiments thereof, the articles "a," "an,"
"the," and "said" are intended to mean that there are one
or more of the elements. The terms "comprising,"
including," and "having" are intended to be inclusive and
mean that there may be additional elements other than
the listed elements.
[0026] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
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the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal language of the
claims.
[0027] Various aspects of the present invention are de-
fined in the following numbered clauses:

1. A method of implementing serial communications
between a master module and at least one slave
module in a communications network, said method
comprising:

initializing a first receiver/transmitter of the mas-
ter module to space parity;

initializing a second receiver/transmitter of the
master module to mark parity;

determining whether a first byte of a message
is a command byte or a data byte;

if the first byte is a data byte, transmitting the
first byte to the at least one slave module using
the first receiver/transmitter; and

if the first byte is a command byte, transmitting
the first byte to the at least one slave module
using the second receiver/transmitter.

2. A method in accordance with Clause 1, further
comprising determining an address of the at least
one slave module.

3. A method in accordance with Clause 2, further
comprising transmitting an address byte to the at
least one slave module, the address byte including
the address of the at least one slave module.

4. A method in accordance with any preceding
Clause, wherein initializing a first receiver/transmit-
ter comprises setting a parity bit to zero.

5. A method in accordance with any preceding
Clause, wherein initializing a second receiver/trans-
mitter comprises setting a parity bit to one.

6. A method in accordance with any preceding
Clause, wherein determining whether a first byte of
a message is a command byte or a data byte com-
prises detecting a final bit of the first byte.

7. A method in accordance with any preceding
Clause, further comprising determining whether the
message includes additional bytes to be transmitted
to the at least one slave module.

8. A serial communication system comprising:

a plurality of slave modules; and

a master module comprising a first port and a
second port, each of said first port and said sec-
ond port coupled to each of said plurality of slave
modules, said master module configured to:

initialize said first port to space parity;

initialize said second port to mark parity;

transmit at least one data byte to at least
one of said plurality of slave modules via
said first port; and

transmit at least one command byte to at
least one of said plurality of slave modules
via said second port.

9. A serial communication system in accordance with
Clause 8, wherein said master module further com-
prises a memory configured to store an address as-
sociated with each slave module.

10. A serial communication system in accordance
with Clause 9, wherein said master module is further
configured to determine an address associated with
a specified slave module of said plurality of slave
modules.

11. A serial communication system in accordance
with any of Clauses 8 to 10, wherein said master
module is further configured to transmit an address
byte to said plurality of slave modules, the address
byte including the address of said specified slave
module.

12. A serial communication system in accordance
with any of Clauses 8 to 11, wherein said master
module is further configured to determine a byte type
within a message based on a last bit of each byte.

13. A serial communication system in accordance
with any of Clauses 8 to 12, wherein said master
module is further configured to:

transmit an initial byte of a message to a spec-
ified slave module of said plurality of slave mod-
ules via one of said first port and said second
port; and

determine whether the message includes addi-
tional bytes to be transmitted to said specified
slave module.

14. A master device for use with a communication
network, said master device comprising:
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a multiport communication module comprising:

a first universal asynchronous receiver/
transmitter (UART) coupled to a plurality of
slave modules via a network;

a second UART coupled to the plurality of
slave modules via the network; and

a microprocessor coupled to said first UART
and said second UART via a bus, said mi-
croprocessor configured to:

initialize said first UART to space parity;

initialize said second UART to mark parity;

transmit at least one data byte within a message
to at least one of the plurality of slave modules
via said first UART; and

transmit at least one command byte within the
message to at least one of the plurality of slave
modules via said second UART.

15. A master device in accordance with Clause 14,
further comprising a memory configured to store an
address associated with each slave module.

16. A master device in accordance with Clause 15,
wherein said microprocessor is further configured to
determine an address associated with a specified
slave module of the plurality of slave modules.

17. A master device in accordance with any of Claus-
es 14 to 16, wherein said microprocessor is further
configured to transmit an address byte to the plurality
of slave modules, the address byte including the ad-
dress of the specified slave module.

18. A master device in accordance with any of Claus-
es 14 to 17, wherein said microprocessor is further
configured to:

initialize said first UART by setting a parity bit to
zero; and

initialize said second UART by setting a parity
bit to one.

19. A master device in accordance with any of Claus-
es 14 to 18, wherein said microprocessor is further
configured to determine a byte type for each byte
within the message based on a last bit of each byte.

20. A master device in accordance with any of Claus-
es 14 to 19, wherein said microprocessor is further
configured to:

transmit an initial byte of the message to a spec-
ified slave module of the plurality of slave mod-
ules via one of said first UART and said second
UART; and

determine whether the message includes addi-
tional bytes to be transmitted to the specified
slave module.

Claims

1. A serial communication system (100) comprising:

a plurality of slave modules (102); and
a master module (106) comprising a first port
(116) and a second port (118), each of said first
port and said second port coupled to each of
said plurality of slave modules, said master mod-
ule configured to:

initialize said first port to space parity;
initialize said second port to mark parity;
transmit at least one data byte to at least
one of said plurality of slave modules via
said first port; and
transmit at least one command byte to at
least one of said plurality of slave modules
via said second port.

2. A serial communication system (100) in accordance
with Claim 1, wherein said master module (106) fur-
ther comprises a memory (110) configured to store
an address associated with each slave module
(102).

3. A serial communication system (100) in accordance
with Claim 1 or Claim 2, wherein said master module
(106) is further configured to determine an address
associated with a specified slave module (102) of
said plurality of slave modules.

4. A serial communication system (100) in accordance
with any preceding Claim, wherein said master mod-
ule (106) is further configured to transmit an address
byte to said plurality of slave modules (102), the ad-
dress byte including the address of said specified
slave module.

5. A serial communication system (100) in accordance
with any preceding Claim, wherein said master mod-
ule (106) is further configured to determine a byte
type within a message based on a last bit of each
byte.

6. A serial communication system (100) in accordance
with any preceding Claim, wherein said master mod-
ule (106) is further configured to:
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transmit an initial byte of a message to a spec-
ified slave module (102) of said plurality of slave
modules via one of said first port (116) and said
second port (118); and
determine whether the message includes addi-
tional bytes to be transmitted to said specified
slave module.

7. A master device for use with a communication net-
work (120), said master device comprising:

a multiport communication module (114) com-
prising:

a first universal asynchronous receiver/
transmitter (UART) coupled to a plurality of
slave modules (102) via a network;
a second UART coupled to the plurality of
slave modules via the network; and
a microprocessor (108) coupled to said first
UART and said second UART via a bus
(112), said microprocessor configured to:

initialize said first UART to space parity;
initialize said second UART to mark parity;
transmit at least one data byte within a message
to at least one of the plurality of slave modules
via said first UART; and
transmit at least one command byte within the
message to at least one of the plurality of slave
modules via said second UART.

8. A master device in accordance with Claim 7, further
comprising a memory (110) configured to store an
address associated with each slave module (102).

9. A master device in accordance with Claim 7 or Claim
8, wherein said microprocessor (108) is further con-
figured to determine an address associated with a
specified slave module (102) of the plurality of slave
modules.

10. A master device in accordance with any of Claims 7
to 9, wherein said microprocessor (108) is further
configured to transmit an address byte to the plurality
of slave modules (102), the address byte including
the address of the specified slave module.

11. A method of implementing serial communications
between a master module and at least one slave
module in a communications network, said method
comprising:

initializing a first receiver/transmitter of the mas-
ter module to space parity;
initializing a second receiver/transmitter of the
master module to mark parity;
determining whether a first byte of a message

is a command byte or a data byte;
if the first byte is a data byte, transmitting the
first byte to the at least one slave module using
the first receiver/transmitter; and
if the first byte is a command byte, transmitting
the first byte to the at least one slave module
using the second receiver/transmitter.

12. A method in accordance with Claim 11, further com-
prising determining an address of the at least one
slave module.

13. A method in accordance with Claim 11 or Claim 12,
further comprising transmitting an address byte to
the at least one slave module, the address byte in-
cluding the address of the at least one slave module.

14. A method in accordance with any of Claims 11 to 12,
wherein initializing a first receiver/transmitter com-
prises setting a parity bit to zero.

15. A method in accordance with any of Claims 11 to 14,
wherein initializing a second receiver/transmitter
comprises setting a parity bit to one.
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