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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates to a communication sys-
tem, such as a network of interconnected nodes for send-
ing streaming data and non-streaming data, and wherein
isochronous streaming data can be sent within a segment
of each frame designated by a preceding signaling bit or
byte and/or using a coding violation.

2. Description of the Related Art

[0002] Communication systems are generally well-
known as containing at least two nodes interconnected
by a transmission line. A node can function as a data
source or destination. If the node is to receive and trans-
mit data, then the node is a combination of a source and
destination, and is sometimes known as a transceiver.
The data source can transmit data in various forms. For
example, the source can transmit in either an analog or
digital domain. Typically, however, an analog signal is
converted to a digital format before being transmitted
across the transmission line to the destination.
[0003] It is generally desirable that the transmission
line accommodate not only digital or analog data, but
also data that can arrive in different forms, hereinafter
known as "data types." For example, sophisticated trans-
mission protocols can accommodate streaming data,
packetized data, and control data. Streaming data is gen-
erally recognized as data that has a temporal relationship
between samples produced from a node. The relation-
ship between those samples must be maintained across
the transmission line to prevent perceptible errors, such
as gaps or altered frequencies. A loss in the temporal
relationship can cause a receiver to present jitter, echo
or, in the worst instance, periodic blanks in a voice or
video stream. Converse to streaming data, packetized
data is data which need not maintain the sample rate or
temporal relationship of that data and, instead, can be
sent as disjointed bursts across a transmission line. The
packets of data can be sent across the transmission line
at virtually any rate at which that transmission line trans-
fers data and is not dependent in any fashion on any
sampling frequency since packetized data is generally
recognized as non-sampled data.
[0004] In addition to streaming data and packetized
data, another type of data can be control data. Depending
on how the control data is used (either in a streaming or
packetized environment), control data may be either time
dependent or non-time dependent on the data or node
in which it controls. Moreover, streaming data can be
considered as either synchronous data or isochronous
data. Synchronous forms of streaming data is data sent
across the transmission line in sync with the rate by which
the streaming data is sampled. However, it may be that

the transmission line transfers data at a different rate
than the rate at which the node streams, or "samples,"
data. In order to maintain the temporal relationship be-
tween samples of the streaming data, isochronous trans-
fer protocols are needed to accommodate those differ-
ences in order for the isochronous data to be played at
the destination without perceptible gaps, errors, jitter or
echo.
[0005] An optimal transmission line can transfer differ-
ent types of data. Coupled to the transmission line, which
can be either copper wire, optical fiber, or wireless, are
multiple nodes. Each node can accommodate at least
one multimedia device. For example, a telephone multi-
media device can be used to send and receive voice
information and, depending on differences in sampling
rate (i.e., "fs") at the telephone and the frame transfer
rate (i.e., "FSR") within the transmission line, the voice
information can be either sent as isochronous data or
synchronous data. Depending on the relationship be-
tween the frame sync rate (FSR) and the sampling rate
(fs) streaming data can be presented to the transmission
line as either synchronous data or isochronous data. In
any instance, control information can be sent to the mul-
timedia device to set up the transmission or to control
the receipt of the streaming (isochronous or synchro-
nous) data. In addition to transmitting streaming and con-
trol data, the transmission line should also be able to
transmit packet information between computers. Pack-
etized data includes executable programs and/or files
sent as bursts of digital data across the transmission line.
[0006] Multimedia devices operating as sources can
therefore produce not only different types of data in dif-
ferent forms, but also data that will arrive at the transmis-
sion line at different rates. For example, a voice from a
telephone handset is a continuous stream of data having
a substantially constant average data rate and a temporal
relationship between the samples produced. The iso-
chronous or synchronous forms of streaming data can,
therefore, represent sounds (in the example of a tele-
phone or CD player) or images (in the example of DVD
player): While telephones; CD players and DVD players
send isochronous or synchronous streaming data across
a network, a computer sends bursts of packets usually
in TCP/IP form across the network.
[0007] A need exists in implementing a communication
system that can accommodate both streaming and non-
streaming data transfers. More importantly, an improved
communication system is needed that can send data
sampled at a dissimilar rate than the transmission rate
across the transmission media, and can maintain the
temporal and timed relationship of that streaming data
at a destination which reads the streaming data in real
time. The desired communication system must, there-
fore, be synchronized to the transmission of various types
of data at, or substantially near, the sampling rate of one
or more multimedia devices connected to the transmis-
sion medium. The improved communication system must
not simply accommodate both streaming and non-
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streaming data, but also seamlessly accommodate iso-
chronous and synchronous streaming data among a plu-
rality of nodes operating as multimedia devices. In this
fashion, the desired communication system can efficient-
ly transfer the different data types synchronously across
the network between devices that sample at the same
rate as the frame rate or at a rate different from the frame
rate and, therefore, an improvement exists by not having
the sampling rate dependent on the frame rate.

SUMMARY OF THE INVENTION

[0008] The problems outlined above are in large part
solved by an improved communication system hereof.
The communication system involves not only the network
that extends between nodes, but also a transmit port and
a receive port. The transmit and receive ports are found
within one or more of those nodes, and preferably in all
the nodes. A controller within a port is intelligent in that
it knows, based on a time-division multiplexed set of
channels forwarded within the network, which channel
to send to which device. If multiple devices are present
within a single node, then a network interface (having a
transmit/receive port) dispatches the channel to the ap-
propriate device via, e.g., a local bus. The channels are
formed by creating a frame structure that repeats at the
audio sampling rate of one or more devices connected
to the network. Those devices, therefore, send synchro-
nous streaming data across a time-division multiplexed
portion of the frame, with devices that sample at higher
or lower frequencies sending isochronous streaming da-
ta in another time-division multiplexed portion of the
frame. The frames are repeated so as to account for the
entire streaming and/or non-streaming message or
transaction.
[0009] The intelligent controller (at the receive port)
not only contains a decoder which determines how to
apportion the various time-division multiplexed seg-
ments, but also preferably contains a comparator (at the
transmit port) which compares the frame sync rate to the
sample rate. If a difference exists, the comparator will
signal that possibly an empty byte or bytes must be added
periodically to an isochronous data transfer. Rate com-
parison is thereby used to note when to put in the empty
byte or bytes, and the comparator will inform the encoder
of such, whereupon the encoder then inserts the empty
bytes into one or more frames being transmitted across
the network.
[0010] Routing tables broadcast to each node, possi-
bly during a power-up sequence, will allocate the chan-
nels to the powered devices as well as any additional
byte fields that may be needed to accommodate iso-
chronous data, for example. If the frame sync rate is dif-
ferent from the sampling rate, then the streaming data is
said to be isochronous streaming data. In order to ac-
commodate for a streaming rate that exceeds the frame
rate, an additional byte may be placed within the time-
division multiplexed segment attributed to isochronous

data. At the receive port, in addition to a decoder, a switch
apportions the decoded data and, if the data is iso-
chronous, then the decoder can determine where, within
a segment reserved for isochronous data, valid iso-
chronous data exists.
[0011] According to one embodiment, a transmit and
receive port is provided. The transmit port includes a
framer adapted for receiving a substantially continuous
stream of real-time data sampled at a first rate and plac-
ing a portion of the sampled data within a segment of a
frame of data upon a network clocked at a second rate
dissimilar from the first rate. The frame of data includes
at least one signaling bit indicating an amount by which
the portion of the continuous stream of data occupies the
frame segment. The signaling byte can indicate that the
portion of the continuous stream occupies the entire
frame segment, only a portion of the frame segment, or
none of the frame segment. The signaling byte can be a
byte ofN bits, where the most significant bit can designate
the entire frame segment as being unoccupied or occu-
pied. The following least significant bits can designate
only a portion of the frame segment being occupied, or
none of the frame segment being occupied if, indeed, the
most significant bit is appropriately designated. The com-
munication system, like the transmit and receive ports,
accommodates a signaling bit that denotes an amount
of isochronous data contained within a corresponding
frame segment: either the entire frame segment is occu-
pied, no bytes within the frame segment are occupied,
or possibly only the first few bytes within a frame segment
are occupied. In the latter instance, the signaling bit can
include a byte of N bits used to denote how many byte
locations beginning at the least significant byte location
are not occupied within a frame segment depending on
how many bits are set within the least significant bit lo-
cations of the signaling byte. The method includes sam-
pling isochronous streaming data at a sampling rate and
thereafter transmitting a portion of the streaming data
within a segment of a frame allocating an additional byte
if the frame containing the segment is to be transmitted
across a network at a frame transfer rate less than a rate
in which the data is sampled at the source. The method
may further include transmitting the signaling byte within
the frame containing the frame segment (either before
or after the frame segment) or possibly in a frame prior
to the frame segment. There may also be one or more
segments within a frame, or among multiple frames, that
accommodate a single isochronous data transfer. Thus,
a segment can be bifurcated into sub-segments across
a single or multiple frames, and the signaling byte is used
to note where the isochronous data exists within the cor-
responding segments or sub-segments.
[0012] According to a second embodiment, the trans-
mit port can include a framer adapted for producing a
sequence of frames. At least one of the frames of the
sequence of frames is apportioned into at least one frame
segment containing a plurality of bytes of data immedi-
ately preceded by a coding violation within the frame seg-
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ment. The coding violation signifies the beginning of the
bytes of data within that segment as well as possibly other
segments of successive frames. In addition to a coding
violation signifying the beginning of the bytes of data,
another coding violation might signify the ending of the
bytes of data. The second coding violation, if used, will
immediately succeed the last byte of data within an iso-
chronous or asynchronous data transfer. The coding vi-
olations used to signify the beginning and ending of the
bytes of data can be an identical bit sequence or a dis-
similar bit sequence, each of which, however, is purpose-
ly dissimilar from the bytes of data themselves. According
to the present method, the data is encoded and thereafter
transmitted in a segment of a plurality of frames of data
beginning with a coding violation within a first frame dis-
similar from the encoded data. An additional byte can be
added to the segment if the first frame is transferred
across the network at a frame transfer rate that is less
than a sampling rate.
[0013] According to a third embodiment, the transmit
port can include a framer adapted for producing a sub-
stantially continuous stream of data sampled at a first
rate and placing a portion of the sampled data within a
segment of a plurality of frames of data upon a network
clocked at a second rate dissimilar from the first rate. The
sampled data is preferably preceded by and followed by
at least one coding violation within at least one byte lo-
cation of at least one of the frame segments to indicate
that no valid sampled data exists within the byte location
signified by the coding violation. The coding violation con-
tains a sequence of bits dissimilar from the encoded data
and preferably contains a sequence of bits recognized
not as bits of the encoded data, but as bits that signify
the next byte field as the beginning of the plurality of bytes
of data within the segment if, indeed, the next byte field
contains such data. Thus, the coding violations act as
"fillers" between valid data transfers of isochronous
streaming data. A method is also provided. The method
includes sampling streaming data at a sampling rate and
thereafter encoding the streaming data. The streaming
data is transmitted across a plurality of frame segments
within a corresponding plurality of frames of data inter-
spersed with coding violations wherever the streaming
data within the plurality of frame segments is absent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Other objects and advantages of the invention
will become apparent upon reading the following detailed
description and upon reference to the accompanying
drawings in which:

Fig. 1 is a block diagram of a communication system
of interconnected nodes across which different types
of data can be sent, such as streaming data (syn-
chronous or isochronous), control data and packet
data (i.e., asynchronous);
Fig. 2 is a block diagram of a portion of a transmit

and receive port within one or more nodes of the
communication system;
Fig. 3 is a block diagram of a port expanded to ac-
commodate isochronous data sent from a device
having a higher or lower sample rate than the frame
rate of the network;
Fig. 4 is a plan diagram of several successive frames
of data, wherein each frame has a segment indica-
tive of a time slot reserved for sending streaming
isochronous data and at least one signaling bit pre-
ceding the streaming data indicative of where the
streaming data is within the frame, the length of the
frame segment, and the order by which differing
channels of streaming data is sent within the frame
segment, etc.;
Fig. 5 is plan diagram of bits of data within a signaling
byte of data, and the significance of the bits of data;
Fig. 6 is a plan diagram of successive frame seg-
ments of data and the effect of the preceding sign-
aling byte on the packing of isochronous data within
the timeslot dedicated for sending isochronous data;
Fig. 7 is a block diagram of a framer which packs
data within a frame segment depending on differenc-
es between a sample rate of data streaming from a
device and a frame rate of data transmitted across
a network;
Fig. 8 is a plan diagram, according to an alternative
embodiment, of successive frame segments of data
and the effect of using a coding violation in the data
stream to signal the beginning, the beginning and
ending, and/or the non-presence of an asynchro-
nous (packet) data transfer and/or isochronous data
transfer within a frame segment; and
Fig. 9 is a state diagram of a decoder used to decode
coding violations which indicate where, within a
frame segment, asynchronous and/or isochronous
data exists according to the embodiment of Fig. 8.

[0015] While the invention is susceptible to various
modifications and alternative forms, specific embodi-
ments thereof are shown by way of example in the draw-
ings and will herein be described in detail. It should be
understood, however, that the drawings and detailed de-
scription thereto are not intended to limit the invention to
the particular form disclosed, but on the contrary, the
intention is to cover all modifications, equivalents and
alternatives falling within the spirit and scope of the
present invention as defined by the appended claims:

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0016] Turning now to the drawings, Fig. 1 illustrates
one example of a communication system 10. Communi-
cation system 10 includes an interconnected plurality of
nodes 12. For sake of brevity, only four nodes are shown.
However, it is understood that system 10 can include
more than four nodes and can also include multiple in-
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terconnected networks. The network shown in Fig. 1 is
a ring or loop. However, it is also understood that the
network backbone can be bus, star, or any other topology
available to a network. Coupled between nodes 12 are
corresponding transmission links 14. Transmission links
14 can be optical, acoustic, or electrical (wired or wire-
less).
[0017] Each node 12 is preferably localized to a par-
ticular area. Within each node is at least one multimedia
device. As shown in node 12d, a node can have more
than one multimedia device 16. If more than one localized
device 16 is present, then a local transmission line or
local bus can be used between multimedia devices 16 in
either a loop or bus topology as shown by the alternative
phantom lines 17.
[0018] Connected between device 16 and the network
of nodes 12 is a network interface 20. If multiple devices
16 are localized to a node 12, the network interface 20
is disposed between a local bus 17 and the network. In-
terface 20 includes a communication port (i.e., bi-direc-
tional transmit and receive port) for transmitting commu-
nication between devices 16 arranged in nodes 12. The
communication port can also be found within each of the
multimedia devices 16 and, depending on its configura-
tion, includes a clock pin, one or two signal pins and at
least one data pin or a pair of data pins. As will be ap-
preciated herein, the network interface function can be
placed within one or more multimedia device 16 or the
network interface can be separate from the multimedia
devices. A multimedia device 16 can be found on a single
monolithic substrate and the network interface can also
be on a single monolithic substrate. Thus, the communi-
cation port can be found on, for example, a monolithic
substrate of a network interface or on a monolithic sub-
strate of a multimedia device that may or may not contain
the network interface.
[0019] Preferably, network interface 20 includes a dig-
ital signal processor or controller that can be pro-
grammed, and can include a memory medium operably
linked to the execution unit of the processor. Multimedia
device 16, one or more of which are found within a node,
is any device that can send and/or receive multimedia
signals. Such signals include voice, audio, video, data
files, or executable data programs. Examples of such
devices include telephones, sensors, CD players, DVD
players, video cameras, speakers, monitors, computers,
personal digital assistants (PDAs), frequency modulated
stereos, navigational systems, etc.
[0020] According to one example, the multimedia de-
vices can be located within an automobile, and the com-
munication system 10 can be employed within the auto-
mobile for linking the multimedia devices to one another
or to multimedia devices within other nodes of the same
automobile, or to another automobile, a satellite, or a
stationary base station. Depending on whether data is
encrypted or encoded at the multimedia device 16, com-
munication system 10 allows transfer of such information
to the destination as either streaming data (synchronous

or isochronous), control data, or asynchronous (pack-
etized) data. In addition, communication system 10 can
allow transfer of all four types of data across one or more
channels established within communication line 14 or
across local bus 17. Communication system 10 therefore
accommodates the different types of data in order to add
versatility to the various types of multimedia devices 16
which can be used.
[0021] It is recognized that one or more multimedia
devices 16 can sample data at a higher sampling rate
(fs) than the frame sync rate (FSR) of transmission line
14. For example, multimedia device 16 may be a CD
player that samples at approximately 44.1KHz. The CD
player can stream data at, for example, 16 bits per sample
audio channel (32 bits/stereo channel), therefore result-
ing in a bps Baud rate across the transmission line of 32
bits/stereo sample x 44.1 K samples/second = 1.4112
Mbps. The non-return to zero ("NRZ") data from the de-
vice can be encoded in several ways. Data can also be
encoded using, for example, the well known Miller en-
coding technique. Alternative encoding includes bi-
phase encoding, or encoding so that the encoded bit
stream does not incur an accumulated DC value. The
latter encoding mechanism is oftentimes referred to as
DC-adaptive encoding, and is described in a commonly
assigned co-pending application, serial no. 09/710,220
entitled "An Encoder Within a Communication System
that Avoids Encoded DC Accumulation and can Use Cod-
ing Violations to Synchronize a Decoder and Detect
Transmission Errors."
[0022] If the frame sync rate (FSR) across transmis-
sion line 14 is different than 48KHz (e.g., FSR could be
chosen to match a CD sample rate of 44.1KHz), then the
streaming data from the 48KHz sampled DVD player can-
not be placed synchronously through transmission line
14 to another node (i.e., a speaker). Instead, the stream-
ing data must be placed as isochronous streaming data
as opposed to synchronous streaming data.
[0023] In addition to streaming data being asynchro-
nous to the transfer rate of transmission line 14, other
types of data can also be asynchronous such as, for ex-
ample, packetized data or control data. In each instance,
however, the various data types are fed across transmis-
sion line 14 in synchronous fashion. Communication sys-
tem 10 is therefore a synchronous transmission system
which accommodates dissimilar data types sampled at
dissimilar frequencies or data types that are placed in
non-regular, non-temporal relationship with one another.
[0024] Fig. 2 illustrates in more detail a network inter-
face 20 shown in a receive mode. The network interface
20 can, therefore, be thought of, in this example, as a
receive port from a network and a transmit port to a net-
work. Thus, network interface 20 can include its own de-
vice 16, as well as port 24 that connects to the network
and port 26 which connects to, for example, a local bus
17. If multiple devices 16 are present within a node, local
bus 17 connects locally distributed devices 16 to the con-
troller of the network interface 20 all within, for example,
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a single node 12. It is important to note, however, that
each device 16 can have its own port and that the con-
troller of a network interface can be within that device 16.
Alternatively, if multiple devices are found within a node,
the network interface can be separate from each device.
In each instance, however, either a device 16 or a net-
work interface 20 includes a port which interfaces with
(i.e., transmits to or receives from) the network. The port
communicates using apportioned time slots for each data
type and, if one of the data types carries isochronous
data, the port transports a signaling bit/byte within a time
slot dedicated to the isochronous data, according to one
embodiment, or a coding violation within the data stream
of that time slot, according to another embodiment. De-
tails of each embodiment are set forth below.
[0025] Depending on the complexity of a node and
whether a local bus is used, node 12 typically includes a
network interface 20 (or port), which has a decoder 30,
digital signal processor ("DSP") 32, and a cross point
switch 34. The network which extends between nodes
12 is a synchronous network in that data is time-division
multiplexed into a number of channels 36. For example,
channels 36 are formed by creating a frame structure of
64 bytes that repeats at an audio sample rate of a device
connected to the network via a node. For instance, if the
audio sample rate is 48KHz, the total bit rate of the net-
work between any two nodes 12 is 48K frames/sec X 64
bytes/frame X 8 bits/byte = 24.576 Mbits/sec.
[0026] The synchronization protocol for sending time
slots as channels 36 also calls for sending a preamble
for each frame bifurcated into time slots. The preamble
includes synchronization ("SYNC"). Thus, in the above
example, 63 bytes can be used to communicate various
types of data at the frame sync rate (FSR). The types of
data include streaming isochronous data, possibly
placed into time slot 0 (TS0), synchronous streaming da-
ta possibly placed within time slot 1 (TS 1), and asyn-
chronous packets of data possibly placed in time slot 2
(TS2). Another channel can be formed, possibly in time
slot 3 (TS3) to receive control information/data. Possibly
two bytes of control may be reserved for the control chan-
nel transmitted at TS3, as shown. When, for example, a
device 16 is activated or powered-up, routing tables are
broadcast across the control channel to each of the other
nodes within the network. The control channel contains
configuration (or reconfiguration) routing tables needed
to accommodate data transfer between the newly acti-
vated device or devices. The routing table is therefore
established to accommodate all of the various channels
or frame portions established to receive the various types
of data thereafter synchronously sent across the network
between activated devices 16.
[0027] The routing table within a memory medium of,
for example, the digital signal processor ("DSP") 31 will
then identify which bytes within a frame is associated
with a particular channel when subsequent communica-
tion is desired. Thus, for example, if a DVD is on one
channel and a CD on another channel, then the routing

table will actually assign time slots to those channels. In
this fashion, the DVD player will send audio and video
information within a first channel, yet a CD player will
send audio information within a second channel allocated
according to time slots. The routing tables within each
node will also define which nodes get which channels in
order to define and apportion all the channels from var-
ious sources to appropriate destinations. The channel
length is, therefore, fixed and predefined as part of the
routing table function for streaming data in order to en-
sure that isochronous and synchronous streaming data
are sent within each frame to maintain its temporal rela-
tionship.
[0028] Asynchronous data can have, for example, a
variable channel length also established within the rout-
ing tables when, for example, a computer connected to
the network comes on-line. For example, if an iso-
chronous transfer requires an additional byte within suc-
cessive frames, then the routing table will assign that
byte when, for example, a high frequency sampled DVD
player comes on-line and is activated to a network pre-
viously locked to a lower transfer frequency. Decoder 30
recognizes and decodes the synchronization byte and
forwards the control byte to the processor 31, which then
updates the routing table within the corresponding node.
The synchronization byte is forwarded to a timer within
DSP 31, for example. The timer will ensure that the bytes
sent across the network are synchronized with the switch
34 in order to appropriately route data to the destination
or target at appropriately timed byte boundaries.
[0029] The four time slots shown as reference 36 are
applicable to a single frame. It is understood, however,
that multiple frames are sent in sequence. However, each
frame maintains transmission of time slots and channels
according to the routing tables. As devices are brought
on-line, the routing tables are updated and time slots are
allocated. If, for example, on a single pair of devices are
on-line, then possibly the entire frame can be allocated
to a single frame segment to accommodate data trans-
fers between those devices. However, if the data is
streaming, the routing tables are defined to allocate at
least one frame segment across all frames sent within
the network during times when the streaming source is
active. Thus, frame 36 can be repeated and is sent in
sequence to decoder 30 from, for example, a source de-
vice within a node on the network. Meanwhile, the chan-
nels of data are decoded by decoder 30 and sent to switch
34.
[0030] Node 12 contains a receive and transmit port
having a controller 20 shown in the example configured
as a receiver. However, it is understood that node 12 can
transmit data as well. Thus; each node is a transceiver
which functions as a cross point switch. Each cross point
switch 34 within each transceiver routes one or more
bytes within a channel of a particular time slot to the ap-
propriate device 16 of a received frame 36. Conversely,
switch 34 can route any byte from port 26 to a transmitted
frame placed back upon the network. The cross point
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switch 34 can also route any received byte or channel to
any transmitted byte or channel. Switch 34 is thereby
configured via the routing tables which were previously
set up when devices 16 came on-line via the control bytes
sent via the control channel. Once switch 34 is configured
to send the bytes within a particular time slot to the ap-
propriate device, streaming data (regardless of whether
it is isochronous or synchronous) simply flows from an
output port of one device to an input port of another device
(or, for example, from input port 24 to the appropriate
device 16a-16c via output port 26). For example, device
16a may receive synchronous streaming data, while de-
vice 16b may receive isochronous streaming data, and
device 16c may receive TCP/IP packetized data. Switch
34 thereby routes the appropriate channels (i.e., data
type) automatically to the corresponding device using the
predefined routing tables.
[0031] Since the network is synchronous, all nodes 12
operate at exactly the same frequency. The clocks as-
sociated with the source device are operating at exactly
the same frequency as the destination device without
inappropriate gaps or jitter. Thus, even though the sam-
pling rate of a source device may be different from the
frame sync rate, the ensuing isochronous data can be
sent synchronously across the network at the same rate
as the network and, possibly, the same rate as other
nodes sampling at that rate. The destination address for
the various channels within each byte are predefined in
the routing tables such that data streaming from a source
is sent in real-time to the appropriate destination.
[0032] It is recognized that by using time slots and pre-
arranged channel addressing, each node is guaranteed
sufficient bandwidth to continuously send streaming da-
ta. Therefore, conventional headers and footers normally
applicable to sending packetized data across a computer
network are not needed. If, contrary to the present pro-
tocol, headers and footers are needed for each channel,
then as network traffic increases, each node’s share of
the bandwidth will decrease. At some point, a node will
not have enough bandwidth to send the streaming data
and there will be gaps or jitter present on the audio, video,
or voice stream. Contrary to these detriments, the im-
proved data transfer protocol hereof guarantees band-
width in each and every frame by pre-assigning data
types to channels within a time slot reserved for such
data. Even if the frame sync rate is dissimilar from the
sampling rate, bandwidth is still guaranteed for sending
streaming data. Thus, when a phone call is made or a
CD player is turned on, the network provides an exact
and guaranteed bandwidth until the end of the call or the
end of the CD. If a lengthy phone call is being made or
many CD or DVD drives are being used, the connection
is not made if there is not enough bandwidth. However,
once a connection is made, the streaming data is guar-
anteed of being sent in each frame of the synchronous
network.
[0033] Fig. 4 illustrates the different bytes within each
frame divided into synchronous streaming data 40, asyn-

chronous packet data 42, isochronous streaming data
44, and asynchronous control data 46. Of course, if it is
known that the network will not carry packet data, then,
for example, only three segments may apply. Yet, how-
ever, the frame segments for streaming data are pre-
reserved. In some instances, maybe only one or two
frame segments could apply. However, for sake of ex-
planation, all four data types are shown in Fig. 4 appor-
tioned according to time slots (TS). For example, there
may be instances in which a telephone message is
placed across the network and a CD player is also active.
Both the telephone and CD may be sampling data at the
same rate in which the network data is being clocked. In
that case, two frame segments are reserved within each
frame for carrying synchronous data. In this example,
there certainly can be more than four time slots, with two
or more time slots dedicated to receiving synchronous
data and, possibly, another two or more dedicated to re-
ceiving isochronous data if, for example, a pair of higher
or lower sampling rate players can be activated on the
network. If a telephone call is being made but with all
other devices inactive (e.g., the other synchronous CD
device is inactive), then the time slot dedicated to chan-
nels of the telephone call receive data with the frame
dedicated solely to the telephone information.
[0034] Each time slot can be rather small, such that
possibly a time slot can be as small as one byte, thereby
allowing possibly 60 time slots in a 60 byte frame. Sixty
different channels, where possibly two or more time slots
can receive the same data type, yet carry data from dif-
ferent source devices to different destination devices, are
therefore available. The time slots and channel routing
are all setup and reserved within each frame in applica-
tion program software and through routing tables estab-
lished whenever the various devices become active by
pressing, for example, a start button on a DVD player,
CD player, telephone, etc.
[0035] Time slots TS0-TS3 are shown merely as an
example and are available as corresponding segments
within each frame, beginning with frame N. AN number
of bytes can be attributed to each segment. If, however,
the network is operating at a lower frame sync rate than
a sample rate of a particular device, then possibly another
byte will be needed for the segment carrying isochronous
data. A typical example might be a network locked to a
CD operating at 44.1KHz attempting to place DVD drive
information sampled at 48KHz. In order to accommodate
the higher sampling rate of the DVD drive, an additional
byte is placed within the isochronous segment of, for ex-
ample, time slot TS2. However, if the converse occurs
and the network is locked to a DVD operating at 48KHz
and wants to place sampled data from a CD operating
at 44.1KHz upon the network, then, although the sample
rate is dissimilar from the frame rate and, therefore, is
classified as isochronous data, the CD information can
be placed within the isochronous time slot without having
to add an additional byte.
[0036] It is, therefore, important to note the network
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locked rate relative to subsequent devices which come
on-line to that network. If the subsequent devices are
sampled at the same rate as the network locked rate,
then the bytes of data can be sent synchronously. Yet,
however, subsequent devices which sample at a higher
or lower rate must be sent isochronously. Depending on
whether the subsequent devices are sending synchro-
nous or isochronous data, the data is allocated to partic-
ular time slots by channels which are set up in the routing
tables of each node. Those time slots are pre-reserved
so that each source and destination device on the net-
work can be accommodated to a time slot based on the
type of data being sent and, if more than two devices are
sending and receiving the same type of data, two time
slots can be pre-reserved for similar types of data.
[0037] Fig. 4 illustrates an example where the sam-
pling rate exceeds the frame sync rate and, therefore, an
additional byte is placed within the isochronous time slot.
However, it is understood that if the sampling rate is less
than the frame sync rate, an additional byte is not needed
in the isochronous time slot. In every instance, however,
the channels set up with time slots are synchronously
transferred relative to one another across the network as
well as across the local bus (if a local bus is used). Re-
gardless of the data type being sent, each channel of
data sent across the network is transferred at the same
rate. This allows the network to operate synchronously
while accommodating what is normally data that is sent
asynchronously, or data that is sampled at a higher or
lower rate than the network transfer rate. Each time slot
or channel is thereby synchronous with one another.
Transferring the channel synchronously is implemented
by allocating an additional byte to the synchronous trans-
fer of isochronous data. Thus, while the isochronous data
is sent at the same transfer rate as the other channels,
a signaling byte is used to identify which of the N bytes
(if the sample rate is less than the frame sync rate) or
N+1 bytes (if the sample rate if greater than the frame
sync rate) in each frame are valid. For example, if the
network is operating at 48KHz and it is desired that a
device sample onto the network at 44.1KHz, then a min-
imum of 8 x 44.1/48 bytes/frame, or 7.35 bytes/per frame,
are needed to accommodate an 8 byte per frame iso-
chronous channel. In the example where N = 8, a mini-
mum of 8 bytes per frame are needed to accommodate
this isochronous data, yet only a portion of the 8 bytes in
each frame are actually valid. The signaling byte 48
keeps track of which of those frames are valid and which
are not.
[0038] Fig. 3 illustrates in more detail node 12 receiv-
ing, from another node having a DVD player, streaming
data at a sample rate of 48KHz. Yet, however, the net-
work is locked to and transferring data at a frame sync
rate of 44.1KHz established by data from a CD active on
another node which samples at the same rate as the
frame sync rate (i.e., 44.1KHz). Thus, the time slot attrib-
uted to receiving isochronous data must be extended by
one byte, as shown by the extension of time slot 2 (TS2),

noted as reference 52. Yet, however, time slot 0 (TS0)
need not be extended to accommodate the synchronous
streaming data from the CD. The time slots are compiled
as they traverse the network and decoder 30 decodes
the coding attributed to the N or N+1 bytes of data sent
from the source devices 16. Switch 34 then routes the
channels to the appropriate devices 16.
[0039] In the example shown, audio information from,
for example, the DVD player is converted to analog form
and played on the left and right speakers at the same
sample rate in which the DVD is played. The same is
applicable to the CD which is placed in analog form at
the same rate in which the CD is played. The signaling
byte keeps track of the isochronous data from the DVD
player and the time slots apportion the DVD information
separate from the CD information.
[0040] Fig. 5 illustrates one example of a signaling byte
58. Signaling byte is placed in a byte location preceding
an isochronous frame segment of each frame. The most
significant bit of byte 58 can either be a 1 or 0. If the most
significant bit location is a logic 1, as shown by byte 58a,
then all of the other bit locations are irrelevant since the
most significant bit of logic 1 is decoded by decoder 30
to signify that all of the isochronous bytes contained with-
in the time slot of the isochronous frame segment are
invalid or empty. This means that the frame segment at-
tributed to a frame preceded by signaling byte 58a does
not contain any isochronous data.
[0041] If, however, the most significant bit location is
a logic 0, then the other bit locations have relevance. As
shown by signaling byte 58b, the most significant bit lo-
cation can carry a logic 0 value, whereby the other bits,
shown in the example of Fig. 5 as seven bits, signify the
number of byte locations of the isochronous frame seg-
ment within that corresponding frame that are empty. For
example, a logic 1 in the least significant bit location of
signaling byte 58b (shown in Fig. 5) connotes that the
last or least significant byte location of the isochronous
frame segment is empty and contains no isochronous
data. Of course, other bit locations can carry a logic 1
value to indicate up to possibly 127 byte locations that
are empty, beginning at the far right byte location or least
significant byte location within the isochronous frame
segment. Therefore, having seven bit locations which de-
fine how many bytes are empty can accommodate an
isochronous frame segment of up to 127 bytes.
[0042] Referring to Fig. 6, further details of how the
signaling byte operates as shown. Fig. 6, in conjunction
with Figs. 4 and 5, show different methodologies for trans-
porting isochronous streaming data within successive
frames across the network Each frame segment attrib-
uted to the isochronous data can be either N bytes in
length or N+1 bytes in length, depending on whether the
sampling rate is less than or greater than the frame sync
rate at which the network is currently locked. In the meth-
odology of reference 60, the signaling byte ("SIG") can
have a most significant bit of 0 and a remaining set of
least significant bits of 0 ("0/0") in frame 0 to indicate the
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entire frame segment ofN or N+1 bytes is not empty.
However, at frame 4, while the signaling byte most sig-
nificant bit can remain at a logic 0 voltage value, the least
significant bit can have a logic 1 value to indicate the
right-most or least significant byte location is empty and,
therefore, does not contain isochronous data. Reference
60 thereby shows a signaling byte similar to signaling
byte 58b. It is understood, however, that the least signif-
icant bit can be greater than 1 to indicate possibly more
than one byte location is empty, beginning at the right-
most byte location and preceding to the left-most byte
location.
[0043] Reference 62 illustrates a signaling byte similar
to byte 58a at frame 4. The signaling byte at frame 4 may
have a most significant bit indicating a logic 1 value and
"don’t care" values in the least significant bit locations. A
logic 1 value in the most significant bit location will indi-
cate that, for the corresponding frame segment contain-
ing isochronous data, all of the byte locations within that
frame segment for frame 4 are empty.
[0044] The examples shown in Fig. 6 can be for a DVD
player sampling at 48KHz with four bytes per channel
sent across a network that is locked to a transfer rate of
44.1KHz. This will require a 4 x 48/44.1, or 4.35 bytes
per frame to be allocated to the isochronous frame seg-
ment. Thus, ifN = 4, then an additional byte of five total
bytes will be needed to accommodate five samples onto
four frames (i.e., samples 0, 1, 2, 3, 0 beginning with
frame 0, etc.). Since five samples have already been ac-
commodated in four frames, the next frame in sequence
(i.e., the fifth frame) can be entirely empty, as shown by
reference 62.
[0045] The example of Fig. 6 illustrating an iso-
chronous frame segment of only five bytes is purely an
example. N is not limited to four and, certainly, can be
much larger than four upwards to possibly 127 since;
indeed, the signaling byte can accommodate 1-127 emp-
ty byte locations. Moreover, if an ensuing source samples
at a lower frequency than the locked network transfer
rate, then periodically the last byte of N bytes (instead of
N+1) does not carry isochronous data, such as that
shown in frame 4 of reference 60.
[0046] Fig. 7 illustrates possibly one way in which to
detect differences between the frame sync rate (FSR)
from a network and a sampling rate (fs) from the device
16. A clock recovery circuit or slave unit 70 may be used
to detect the frame sync rate by detecting the synchro-
nization bit or byte at the beginning of each frame. The
clock recovery circuit might have, for example, a phase-
locked loop. Comparator 72 may include, for example, a
phase or frequency detector that compares differences
between the sample rate and the frame sync rate. If dif-
ferences exist, then comparator 72 will determine how
many empty bytes exist in a frame segment. Secondarily,
comparator 72 could possibly be used in a broader sense
by possibly noting that isochronous data is present. Pref-
erably, however, comparator 72 is used to determine the
number of empty bytes, and not whether or not iso-

chronous data is present. The presence or absence of
isochronous data is generally already known and spec-
ified when an isochronous device comes on-line, and the
transfer of isochronous data is pre-established in the
routing tables. The control byte or bytes within the pre-
amble of the initiated device 16 will thereafter establish
the routing functionality of the ensuing isochronous data
and, depending on whether the sample rate exceeds or
is less than the locked network transfer rate, an additional
byte may be needed, as shown by reference 82. Framer
74 is a part of the network interface or, if the network
interface is placed on a device, forms a part of a multi-
media device and, more particularly, forms the commu-
nication port of that device. The communication port is
placed upon a monolithic substrate which bears the mul-
timedia device and/or network interface.
[0047] Fig. 8 illustrates an alternative embodiment
where, essentially, the signaling byte is embedded within
the data itself. In other words, the signaling byte is no
longer placed before the corresponding segment, but is
actually within the segment bearing data. The signaling
byte exists as a coding violation and is attributed to either
streaming isochronous data or asynchronous data (i.e.,
packet data). The coding violation within the segment
indicates where, within a segment, the isochronous or
asynchronous data exists. As opposed to the signaling
byte being decoded as a positive, negative, or 0 value
preceding the segment, coding violations are decoded
as a bit sequence which is not the normal bit sequence
of data.
[0048] Reference 77 illustrates a coding violation ("V")
placed within a frame segment which carries isochronous
or asynchronous data. The coding violation, when de-
coded, signifies the next byte location to be the beginning
of a series of bytes which occupy that frame segment as
well as one or more successive frame segments until the
end of that message has arrived. In the example shown,
the message is 8 bytes long, from byte 0 through byte 7.
Thus, the message may be a word or phrase of a tele-
phone conversation or a CD or DVD output. Thereafter,
another coding violation may exist in, for example, the
third frame segment of the successive frames to signify
the beginning of the next message which may thereafter
have an implicit ending. Reference 77 illustrates exam-
ples where isochronous or asynchronous data is sent
within a segment and a message is initiated with a coding
violation which continues for some defined time thereaf-
ter.
[0049] Reference 79 illustrates an alternative method-
ology of using coding violations in the isochronous or
asynchronous frame segment. Instead of indicating just
the beginning of a message (i.e., the beginning of the
data transfer), a coding violation can be placed immedi-
ately after the last byte within the data transfer which has
occurred. Thus, the encoder places coding violations to
signify the beginning and the end of a data transfer. It is
not until the next coding violation occurs will the next data
transfer occur immediately thereafter.
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[0050] Reference 81 illustrates yet another example
where coding violations are used to fill-in gaps at byte
locations between messages or data transfers. In partic-
ular, the coding violations which signify invalid or absent
data is used only in the transfer of isochronous data. This
is due to asynchronous data channels normally being
shared by nodes according to an arbitration scheme. The
arbiter will grant mastership to one asynchronous device
over that of another. If coding violations are being sent
with asynchronous data from a master asynchronous de-
vice, then mastership will never be turned over to another
asynchronous device since data transfer (valid and cod-
ing violation data) will never terminate. Isochronous does
not arbitrate for mastership. Instead, isochronous data
must be sent in real-time and must be sent across frames
as it is being sampled. Coding violations to signify empty
or invalid bytes of data within a continuous stream of
isochronous data occurs within a channel dedicated to
isochronous data. Isochronous data does not normally
have a message length and, if a message length byte
does not exist, then it is preferred that coding violations
exist at the beginning and end of the data transfer or that
coding violations fill the gaps between data transfers, as
shown by reference 81.
[0051] The coding violation is code that is not recog-
nizable as data and, when decoded, will indicate that
isochronous or asynchronous data will follow (references
77 and 79), or that isochronous data is not present be-
tween isochronous data transfers (reference 81). Pref-
erably, coding violation bits are one byte long and, as
stated above, is any violation at which data is not known
to be coded. For example, a bi-phase code is one where
every logic 1 value has a logic 1 and a logic 0 pair of
symbols, yet a logic 0 value is coded where both symbols
are either a logic 0 or a logic 1 value. Typically, all data
is coded and is placed upon the network. To impart a
coding violation would be to, for example, include three
symbols in a row having a logic 1 value or three symbols
in a row having a logic 0 value, to demarcate this violation
from typical bi-phase coding, where the maximum
amount of logic 1 or logic 0 coded values is a two-symbol
width. The decoder can, therefore, easily determine that
the non-recognized data is a coding violation to signify
the beginning of data in the next byte location, the ending
of data in the immediately preceding byte location, and/or
absence of data at the byte location containing the vio-
lation. For example, the first portion of the violation can
designate the coding violation and the last portion of the
byte designator of the coding violation can indicate either
the start of a particular data type or the end of a particular
data type.
[0052] Fig. 9 is a state diagram 84 of a decoder such
as decoder 30 of Fig. 2. The decoder may detect a coding
violation (! DATA CODE) in which case the coding vio-
lation occurring when no data is being transferred (state
88), will signify that the next byte location is the start of
an isochronous or asynchronous data transfer (state 86).
Once at state 86, the decoder recognizes non-coding

violations and normal data code and, based on routing
tables, forwards the isochronous or asynchronous data
to the appropriate destination device. In the case of
streaming data (i.e., synchronous or isochronous) data
is generally forwarded to all devices based on the routing
table.
[0053] While in start state 86, eventually the end of a
message may occur, either by signifying the message
length or having an implicit ending naturally arise when
the message is over, in which case the decoder will detect
and transition to an end state 88. If, for example, a coding
violation is used to indicate the ending of a message or
data transfer, then that coding violation (! DATA CODE)
will occur, similar to the methodology of reference 79
(Fig. 8). This will initiate the end state 88. Once in end
state 88, coding violations may occur at each byte loca-
tion to signify the absence of isochronous data, as shown
by reference 81 (Fig. 8). It is not until the last coding
violation occurring between data transfers that the next
byte will be a valid data transfer to then again initiate the
start state 86.
[0054] The various mechanisms by which to signal the
beginning of data within a particular channel or time slot
includes a signaling byte (in the instances where iso-
chronous data is sent) or coding violations within a byte
immediately preceding, immediately after, or in the inter-
im between, data being sent in an isochronous segment
[0055] Numerous variations and modifications will be-
come apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that the fol-
lowing claims be interpreted to embrace all such varia-
tions and modifications.

Claims

1. A communication system, comprising:

a transmitter configured to sample a continuous
stream of data at a first rate and place a portion
of less than or equal to N+1 bytes of the contin-
uous stream of data within a segment of a frame
of data for transmitting said portion of the con-
tinuous stream of data as isochronous data, the
segment having a predetermined number of
N+1 bytes to accommodate data of the contin-
uous stream and a signaling byte which indi-
cates an amount of the segment occupied by
said portion of the continuous stream;
a transmission medium coupled to the transmit-
ter for transmitting the frame segment at a sec-
ond rate dissimilar from the first rate; and
a receiver coupled to the transmission medium
for, forwarding to a multimedia device the
amount of the segment occupied by the portion
of the continuous stream.

2. A communication system according to claim 1,
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wherein a most significant bit of the signaling byte
indicates whether said portion of the continuous
stream occupies the entire frame segment.

3. A communication system according to claim 1,
wherein all but the most significant bit of the signaling
byte indicate the number of bytes within the frame
segment that are not occupied by said portion of the
continuous stream.

Patentansprüche

1. Kommunikationssystem umfassend:

einen Sender, der so konfiguriert ist, dass er ei-
nen kontinuierlichen Datenstrom mit einer er-
sten Rate abtastet und einen Teil des kontinu-
ierlichen Datenstroms mit weniger als oder
gleich N+1 Bytes in einem ersten Segment eines
Datenrahmens platziert, um den Teil des konti-
nuierlichen Datenstroms als isochrone Daten zu
übertragen, wobei das Segment eine vorbe-
stimmte Anzahl von N+1 Bytes aufweist, um Da-
ten des kontinuierlichen Datenstroms und ein
Signalisierungsbyte aufzunehmen, das ein Aus-
maß des Segments anzeigt, das von dem Teil
des kontinuierlichen Stroms belegt ist;
ein Übertragungsmedium, das mit dem Sender
verbunden ist, um das Rahmensegment mit ei-
ner zweiten Rate zu übertragen, die sich von der
ersten Rate unterscheidet; und
einen Empfänger, der mit dem Übertragungs-
medium verbunden ist, um das Ausmaß des
Segments, das von dem Teil des kontinuierli-
chen Stroms belegt ist, an eine Multimedia-Vor-
richtung weiterzuleiten.

2. Kommunikationssystem nach Anspruch 1, wobei
das höchstwertige Bit des Signalisierungsbytes an-
zeigt, ob der Teil des kontinuierlichen Stroms das
gesamte Rahmensegment belegt.

3. Kommunikationssystem nach Anspruch 1, wobei al-
le außer dem höchstwertigen Bit des Signalisie-
rungsbytes die Anzahl von Bytes in dem Rahmen-
segment anzeigen, die nicht von dem Teil des kon-
tinuierlichen Stroms belegt sind.

Revendications

1. Système de communications comprenant :

un transmetteur configuré pour échantillonner
un flux continu de données à un premier débit
et placer une partie inférieure ou égale à N+1
octets du flux continu de données dans un seg-

ment d’une trame de données pour transmettre
ladite partie du flux continu de données sous
forme de données isochrones, le segment ayant
un nombre prédéterminé de N+1 octets pour re-
cevoir les données du flux continu et un octet
de signalisation qui indique une proportion du
segment occupée par ladite partie du flux
continu ;
un support de transmission couplé au transmet-
teur pour transmettre le segment de trame à un
deuxième débit différent du premier débit ; et
un récepteur couplé au support de transmission
pour transmettre à un appareil multimédia la pro-
portion du segment occupée par la partie du flux
continu.

2. Système de communications selon la revendication
1, dans lequel un bit de plus fort poids de l’octet de
signalisation indique si ladite partie du flux continue
occupe le segment de trame tout entier.

3. Système de communications selon la revendication
1, dans lequel tous les bits sauf le bit de plus fort
poids du bit de signalisation indiquent le nombre
d’octets dans le segment de trame qui ne sont pas
occupés par ladite partie du flux continu.
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