
US 20030063684A1 

(19) United States 

(43) Pub. Date: Apr. 3, 2003 
(12) Patent Application Publication (10) Pub. No.: US 2003/0063684 A1 

Czekaj et al. 

(52) Us. 01. 375/295; 375/354 

(57) ABSTRACT 

(54) SYSTEM AND METHOD FOR 
TRANSMISSION OF DIGITAL 
INFORMATION OF VARYING SAMPLE 
RATES OVER A SYNCHRONOUS NETWORK 

(76) Inventors: James Leo Czekaj, Northville, MI 
(US); J. William Whikehart, Novi, MI A system for transmitting digital information over a syn 
(US); Dana Thomas Sims, Livonia, MI chronous network includes at least one source node and at 
(Us) least one sink node both coupled With the synchronous 

network. The source node provides source information 

sampled at a source sample rate (Fsi) to the synchronous 
netWork in the form of digital information. The source 

Correspondence Address: 
BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, IL 60611 (US) information may include blocks of multi-channel data. The 

synchronous netWork operates on a netWork master clock 
(21) Appl. No.: 10/223,263 rate (Fn) With a frequency that may be higher, loWer or equal 

to the source sample rate (Fsi). The digital information is 
transmitted over the netWork to the sink node. Digital 

information representative of a portion of a block of multi 

Aug. 19, 2002 (22) Filed: 

Related US Application Data 
channel data may be transmitted separately. The sink node 
processes the digital information to generate synthesized (63) Continuation-in-part of application No. 09/909,229, 

source information. Where portions of blocks of multi 
channel data are transmitted separately, the sink node may 
combine the separate portions to generate synthesized com 
plete blocks of multi-channel data. 

?led on Jul. 19, 2001. 

Publication Classi?cation 

(51) Int. Cl? H04L 27/04 

NETW RK O 38 

MASTER 

[18 
DIGITAL 

INFORMATION r32 

CLOCK ‘ 

N BIT 
COUNTER 

BUFFER 

A 

CLOCK 

GENERATOR 
INFORMATION 

I N n 

m w “ _HT MK _ VBWIVMW “ 
R RS 
0 _ 

C m n 

\m n 

6 4s 5 u 
5 _ 

_ 

< n 

E _ 

mow _ 

{RM “ WEE " PV _ MN _ Aw _ 
s n 

._ 

|N| ||||||||||| IL 
0 5 

= 

2 5 f 

PROCESSING 
MODULE 

SYNTHESIZED 
SOURCE 

INFORMATION 



Patent Application Publication Apr. 3, 2003 Sheet 1 0f 6 US 2003/0063684 Al 

NF 

or 





Patent Application Publication Apr. 3, 2003 Sheet 3 0f 6 US 2003/0063684 A1 

3 J Er/ 

zmwrmmmwmz v_ amo>> 565v w3<> 

I2 m2<E .3 womzow zoizmomz mmkznoo 

3\ $.\ 2 M325 @¢\ 

ow 



Patent Application Publication Apr. 3, 2003 Sheet 4 0f 6 US 2003/0063684 A1 

@& 
j 

.OH_Z_ mOmDOw 

LU 
(D 
< 
I 
w 
* 
3 
a. 
Z 
A 





Patent Application Publication Apr. 3, 2003 Sheet 6 0f 6 US 2003/0063684 A1 

|||||li| ll. gm \. 

3w Nv vw ww 1f. 1!. } } 

w m m 

51 J ggzgga .... ER -{lllmww - on on 

TlwilvT| gIVTIIélIVTII gllVTl S|v_ 

m1 

@4 NM .5 

m1 m4 

m1 m4 

Allow Y“ T 



US 2003/0063684 A1 

SYSTEM AND METHOD FOR TRANSMISSION OF 
DIGITAL INFORMATION OF VARYING SAMPLE 
RATES OVER A SYNCHRONOUS NETWORK 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 09/909,229, ?led on Jul. 19, 
2001. 

BACKGROUND 

[0002] 1. Field of the Invention 

[0003] This invention relates to synchronous networks, 
and more particularly, to the transmission of digital infor 
mation over a synchronous netWork. 

[0004] 2. Description of the Related Art 

[0005] NetWork transmission of data, video, images and/ 
or voice using synchronous digital multipleX netWork tech 
niques is Well knoWn. In general, transmission of digital 
information over the netWork is accomplished With a bit 
stream. The bitstream is produced from a source coupled to 
the netWork at an input node and is received by a sink 
coupled to the netWork at an output node. 

[0006] Synchronous transmission transmits digital infor 
mation in the form of netWork frames separated by equal 
time intervals. The time intervals and the netWork frames are 
?xed at a netWork master clock rate generated by a netWork 
master clock. Generally, synchronous transmission relies on 
?nely controlled timing that is synchroniZed betWeen the 
source, the netWork and the sink. Conversely, asynchronous 
transmission is non-time dependent in the sense that digital 
information can be transmitted at random intervals. In 
asynchronous mode, the digital information is coded With 
start bits and stop bits to indicate the beginning and end of 
segments of the digital information. Isochronous transmis 
sion techniques are time-dependent, hoWever, the time 
dependency provides more ?eXible time constraints for data 
transmission than the ?Xed time intervals of synchronous 
transmission. 

[0007] One signi?cant bene?t of synchronous transmis 
sion over asynchronous and isochronous transmission tech 
niques can be the minimiZation of uncertainty in timing 
betWeen the source and the sink. Minimization of timing 
uncertainty minimiZes irregularities in the transmitted signal 
typically referred to as “jitter.” Jitter manifests itself as 
audible irregularities in audio transmissions and vibration or 
?uctuations of display images in video transmissions. 

[0008] In synchronous netWorks, operation of the source 
and the sink are synchroniZed With the frequency of the 
netWork master clock. Where the sample rate (or sample 
frequency) of the digital information processed by the 
source or the sink is different from the netWork master clock 
rate, the sample rate is converted. Asample rate converter is 
used to convert the sample rate to the frequency of the 
netWork master clock. Accordingly, sample rate converters 
are needed for each source and/or each sink that operate With 
a sample rate different from the netWork master clock rate. 

[0009] For synchronous netWorks that include multiple 
sources and sinks, individual sources and sinks may be 
operating at various sample rates higher and/or loWer than 
the netWork master clock frequency. As such, signi?cant 
numbers of sample rate converters may be needed to convert 
to, and from, the netWork master clock frequency. For each 
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sample rate converter, additional circuitry and Wiring is 
required thereby increasing the cost and compleXity of the 
netWork. 

BRIEF SUMMARY 

[0010] The present invention is de?ned by the folloWing 
claims, and nothing in this section should be taken as a 
limitation on those claims. By Way of introduction, the 
embodiments described beloW include a synchronous net 
Work transmission system for transmission of source infor 
mation sampled at sample rates different than a netWork 
master clock rate (Fn) of a synchronous netWork. Source 
information sampled at various sample rates may be trans 
mitted over the synchronous netWork Without ?rst sample 
rate converting the source information. In addition, source 
information sampled at a sample rate in synchronism With 
the netWork master clock rate (Fn) may also be transmitted 
as in a conventional synchronous netWork. Since the trans 
mission is over a synchronous netWork, jitter and other 
similar timing uncertainties involving the transmission may 
be minimiZed. 

[0011] The synchronous netWork transmission system 
comprises at least one source node and at least one sink 
node. The source node produces source information sampled 
at a ?rst sample rate that is a source sample rate (Fsi). The 
source node processes the source information. When the 
source sample rate (Fsi) is not synchroniZed With the net 
Work master clock rate (Fn), a source node provides digital 
information representing the source information and the 
corresponding source sample rate (Fsi) to the synchronous 
netWork. Conversely, Where the source sample rate (Fsi) is 
synchroniZed With the netWork master clock rate (Fn), a 
source node provides digital information to the synchronous 
netWork Without representation of the source sample rate 
(Fsi). The digital information is clocked into netWork frames 
Within the synchronous netWork as a function of a second 
rate that is the netWork master clock rate 

[0012] The digital information is transmitted to a sink 
node. The sink node receives the digital information and 
extracts the representation of the source sample rate (Fsi) 
therefrom. The sink node also produces a representation of 
the netWork master clock rate Using the representa 
tions of the source sample rate (Fsi) and the netWork master 
clock rate (Fn), the sink node sample rate converts the 
source information from the source sample rate (Fsi) to the 
netWork master clock rate The sample rate converted 
source information is processed to produce synthesiZed 
source information. Alternatively, Where the source sample 
rate (Fsi) and the netWork master clock rate (Fn) are syn 
chroniZed, a sink node processes the source information 
Without sample rate conversion. 

[0013] In another embodiment, the synchronous netWork 
transmission system comprises a synchronous netWork, at 
least one source node, at least one sink node and at least one 

output stage. In this embodiment, representations of the 
source information and the corresponding source sample 
rate (Fsi) may be provided to the synchronous netWork as 
digital information. The digital information is received by 
the output stage and sample rate converted similar to the 
previously discussed embodiment. The output stage then 
transmits the sample rate converted source information over 
the synchronous netWork to the sink node. The sink node 
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processes the sample rate converted source information to 
produce synthesized source information. Alternatively, 
Where the source sample rate (Fsi) and the netWork master 
clock rate (Fn) are synchronized, the source information is 
transmitted directly from the source node to the sink node 
for processing. 

[0014] The synchronous netWork transmission system 
may also transmit blocks of multi-channel data as digital 
information in the netWork frames over the synchronous 
netWork. To avoid delays, partial blocks of multi-channel 
data may be transmitted in separate netWork frames. Within 
each netWork frame, information may be included that 
indicates complete blocks of multi-channel data and/or 
partial blocks of multi-channel data are included in the 
digital information in the netWork frame. The information 
may be included in a header. Using the header information, 
the sink node may determine if the digital information in a 
netWork frame includes partial or complete block(s) of 
multi-channel data. Where the header indicates partial 
blocks of multi-channel data are include in the netWork 
frame, the sink node may utiliZe digital information from 
multiple netWork frames to generate the complete block of 
multi-channel data. 

[0015] Further aspects and advantages of the invention are 
discussed beloW in conjunction With the preferred embodi 
ments. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

[0016] FIG. 1 is a block diagram of one embodiment of a 
synchronous netWork transmission system. 

[0017] FIG. 2 is an expanded block diagram of a portion 
of the synchronous netWork transmission system illustrated 
in FIG. 1. 

[0018] FIG. 3 is a block diagram depicting one embodi 
ment of a plurality of netWork frames transmitted by the 
synchronous netWork transmission system of FIG. 1. 

[0019] FIG. 4 is a block diagram of another embodiment 
of a synchronous netWork transmission system. 

[0020] FIG. 5 is a block diagram depicting another 
embodiment of a plurality of netWork frames transmitted by 
the synchronous netWork transmission system of FIG. 1. 

[0021] FIG. 6 is a timing diagram illustrating exemplary 
operation of the synchronous netWork transmission system 
of FIG. 1 With blocks of multi-channel data in the form of 
stereo pairs. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0022] The beloW described embodiments of a synchro 
nous netWork transmission system enable the transmission 
of digital information at various sample rates Within a 
synchronous netWork. The system provides for the trans 
mission of digital information that includes source informa 
tion sampled at a ?rst rate that is a source sample rate (Fsi). 
The source sample rate (Fsi) may be different than a second 
rate that is a netWork master clock rate (Fn) produced by a 
netWork master clock operating the synchronous netWork. 

[0023] Transmission of digital information sampled at a 
source sample rate (Fsi) different than the netWork master 
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clock rate (Fn) does not require sample rate conversion to, 
or any form of synchroniZation With, the netWork master 
clock rate Instead, the digital information transmitted 
over the netWork represents the source information along 
With the source sample rate (Fsi). SynthesiZed source infor 
mation may be produced from digital information as a 
function of the source sample rate (Fsi) and the netWork 
master clock rate In addition, When the source sample 
rate (Fsi) is synchroniZed With the netWork master clock rate 
(Fn), transmission of digital information may occur as in 
conventional synchronous netWorks. 

[0024] As used herein, the terms “conventional synchro 
nous netWorks” and “conventional synchroniZation tech 
niques” describe functionality and techniques present in 
prior art synchronous netWorks Where synchroniZation 
occurs prior to transmission over the synchronous netWork. 
SynchroniZation may be accomplished by synchroniZing the 
frequency of the source sample rate (Fsi) and the netWork 
master clock rate Alternatively, synchroniZation may 
be achieved by sample rate converting the source sample 
rate (Fsi) to the netWork master clock rate 

[0025] FIG. 1 illustrates a block diagram of one embodi 
ment of a synchronous netWork transmission system 10. The 
synchronous netWork transmission system 10 includes a 
synchronous netWork 12, at least one source node 14 and at 
least one sink node 16 coupled as illustrated. As used herein, 
the term “coupled” may mean electrically coupled, optically 
coupled or any other form of coupling providing an interface 
betWeen devices and/or components. 

[0026] During operation, the source node 14 produces 
digital information 18 representative of source information. 
The digital information 18 is transmitted in netWork frames 
over the synchronous netWork 12 to the sink node 16. The 
sink node 16 processes the digital information 18 to produce 
synthesiZed source information 20. Although only a single 
source node 14 and a single sink node 16 are illustrated, a 
plurality of source nodes 14 and a plurality of sink nodes 16 
may be operating in the synchronous netWork transmission 
system 10. In addition, a number of source nodes 14 may 
cooperatively operate With a single sink node 16 to transmit 
and process digital information 18. Further, the synchronous 
netWork transmission system 10 may include source/sink 
nodes With the functionality of both the source node 14 and 
the sink node 16. The source/sink nodes provide the capa 
bility to both send and receive digital information 18 via the 
synchronous netWork 12. 

[0027] The synchronous netWork 12 may be any type of 
communication netWork operating With a communication 
standard capable of transferring digital information in net 
Work frames of a predetermined ?xed period separated by 
equal time intervals With the timing of all nodes in the 
netWork synchroniZed to a netWork master clock. Exemplary 
data transfer standards for the synchronous netWork 12 
include Media Oriented System Transport (MOST) and 
Domestic Databus (D2B). 

[0028] As generally knoWn in the art, synchronous net 
Works are comprised of softWare applications and various 
devices (netWork cards, cables, hubs, routers, etc.) that are 
used to interconnect various devices and provide a commu 
nication path. The synchronous netWork 12 is not limited to 
a particular physical location and may include multiple 
organiZations using various communication protocols. The 
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term “synchronous network,” as used herein, should be 
broadly construed to include any and all hardWare and 
software applications that alloW the source node 14 and the 
sink node 16 to be communicatively coupled to share and 
transfer information. The source node 14 and the sink node 
16 may establish a connection to the synchronous netWork 
12 using, for eXample, modems, cable modems, ISDN 
connections and devices, DSL connections and devices, 
?ber optic connections and devices, satellite connections 
and devices, Wireless connections and devices, Bluetooth 
connections and devices or any other communication inter 
face device. 

[0029] Both Wireline and Wireless communication medi 
ums may be included in the synchronous netWork 12. The 
communication medium(s) may be for eXample, communi 
cation channels, radio Waves, microWave, infrared, Wire 
transmissions, ?ber optic transmissions, or any other com 
munication medium capable of transmitting information in 
Wireline and Wireless based communication systems. 

[0030] The synchronous netWork 12 is a synchronous 
digital multipleX netWork operating at a netWork master 
clock rate The synchronous netWork 12 operates to 
transfer netWork frames in synchroniZation With the netWork 
master clock rate (Fn) as Will be described later. In addition, 
the synchronous netWork 12 performs netWork management 
to maintain the integrity of the netWork, control the How of 
information and control allocation of bandWidth. In addition, 
netWork management also includes directing the How of 
digital information from a source node 14 to a predeter 
mined sink node 16. 

[0031] The source node 14 may be any device or con?gu 
ration of devices capable of generating digital information 
18 and inputting the digital information 18 into the synchro 
nous netWork 12. One embodiment of the source node 14 
generates source information. The source information may 
be in the form of data content, audio content, video content, 
image content; some combination of data, audio, video 
and/or image content; or any other content capable of 
transmission over the synchronous netWork 12. 

[0032] The source information is processed by the source 
node 14 to generate and input digital information 18 into the 
synchronous netWork 12. When the source sample rate (Fsi) 
is not synchroniZed With the netWork master clock rate (Fn), 
the digital information 18 includes representation of the 
source information as Well as representation of a source 
sample rate (Fsi). Alternatively, When synchronism occurs 
prior to transmission, the digital information 18 may not 
include representation of the source sample rate (Fsi). The 
source sample rate (Fsi) is the sample rate (or sample 
frequency) at Which the source information is sampled to 
produce the source information in digital form. The source 
sample rate (Fsi) may be faster, sloWer or the same as the 
frequency of the netWork master clock rate 

[0033] The source node 14 operates to clock the digital 
information 18 into netWork frames Within the synchronous 
netWork 12 at the netWork master clock rate The 
netWork frames are created With a ?xed period as a function 
of the netWork master clock rate As described later in 
detail, differences betWeen the netWork master clock rate 
(Fn) and the source sample rate (Fsi) may create redundant 
source information Within the netWork frames. 

[0034] The sink node 16 may be any device or con?gu 
ration of devices capable of processing the digital informa 
tion 18 to produce the synthesiZed source information 20. 
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The sink node 16 processes the digital information 18 Within 
each of the netWork frames to generate the synthesiZed 
source information 20. Where the digital information 18 
does not include representation of a source sample rate (Fsi), 
the corresponding sink node 16 simply processes the source 
information Without sample rate conversion. If, hoWever, the 
source sample rate (Fsi) is included, the corresponding sink 
node 16 ?rst performs sample rate conversion, and then 
further processes the source information to generate the 
synthesiZed source information 20. In one embodiment, the 
sink node 16 performs sample rate conversion from the 
source sample rate (Fsi) to the netWork master clock rate 
(Fn). In another embodiment, the source information is 
converted to the netWork master clock rate (Fn) and then to 
another rate for further processing With the sink node 16. 

[0035] The sample rate conversion to the netWork master 
clock rate (Fn) is performed using a ratio developed from the 
source sample rate (Fsi) and the netWork master clock rate 
(Fn). Where the source sample rate (Fsi) is not synchroniZed 
With the netWork master clock rate (Fn), representation of 
the source sample rate (Fsi) is included Within the digital 
information 18. Accordingly, the sink node 16 may calculate 
different ratios for source information processed at different 
source sample rates (Fsi). If, hoWever, synchroniZation is 
present, representation of the source sample rate (Fsi) need 
not be included and the digital information 18 may be 
similar to digital information transmitted in conventional 
synchronous netWorks. 

[0036] In the presently preferred embodiments, the source 
information is audio source information produced by the 
source node 14 and transferred via the netWork 12 to the sink 
node 16 for reproduction. The audio source information may 
be in digital or analog form and is processed to produce the 
digital information 18. The source information may be 
sampled at a source sample rate (Fsi) that is greater than, less 
than, or equal to the netWork master clock rate 

[0037] In these embodiments, the sink node 16 is included 
in a vehicle or other mobile device that receives digital 
information 18 transmitted With Wireless communications. If 
required, the sink node 16 performs sample rate conversion 
of the source information using the source sample rate (Fsi) 
and the netWork master clock rate The source infor 
mation of these embodiments is sample rate converted to the 
netWork master clock rate In addition, the sink node 16 
processes the sample rate converted source information to 
generate synthesiZed audio source information. The synthe 
siZed audio source information is a reproduction of the audio 
source information produced by the source node 14. 

[0038] FIG. 2 is a more detailed block diagram of the 
synchronous netWork transmission system 10 illustrated in 
FIG. 1 that includes the synchronous netWork 12, the source 
node 14 and the sink node 16. One embodiment of the source 
node 14 includes a source 22 and an input stage 24 coupled 
as illustrated. Another source node 14 (not shoWn) is similar 
to Well-knoWn source nodes operating With conventional 
synchroniZation techniques to provide source information at 
a sample rate synchroniZed With the netWork master clock 
rate 

[0039] The source 22 may be any device capable of 
generating source information. The source information may 
be in analog or digital form and is provided to the input stage 
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24 coupled thereto. The source 22 may be located remotely 
from the input stage 24 or, may be proximate to the input 
stage 24. In another embodiment, the source 22 may be 
transmitting source information in digital form over the 
netWork 12 to the input stage 24. 

[0040] In the illustrated embodiment, the source 22 
includes an information generator 26 and a source clock 28 
coupled as illustrated. The information generator 26 may be 
any mechanism or device capable of generating the source 
information. In the presently preferred embodiments, the 
source information provided by the information generator 26 
is audio source information. Exemplary producers of audio 
source information include an AM/F M tuner, a compact disk 
player, an MP3 audio source, a satellite digital radio, a 
human machine interface (HMI), a voice command module 
or any other device capable of producing audio content. In 
other embodiments, the information generator 26 may pro 
duce video source information, data source information, 
image source information, some combination of audio, 
video, image and/or data, or any other form of source 
information capable of transmission over the synchronous 
netWork 12. 

[0041] The source information produced by the informa 
tion generator 26 of the illustrated embodiment is in digital 
form. The source information is sampled at the source 
sample rate (Fsi) produced by the source clock 28. In other 
embodiments, the information generator 26 may produce the 
source information in analog form and the source clock 28 
may be omitted from the source 22. In these embodiments, 
the source information is subsequently converted to digital 
form by an analog-to-digital converter operating at 
the source sample rate (Fsi) and then input into the buffer 32. 

[0042] The source clock 28 may be any time-keeping 
circuit or device capable of producing some form of timing 
signal at a frequency that is the source sample rate (Fsi). 
Well-knoWn time-keeping devices include a data strobe, an 
oscillating clock or any other form of timing device or 
mechanism. 

[0043] The input stage 24 may be any circuit or device 
capable of processing the source information to produce and 
input digital information 18 to the synchronous netWork 12. 
In the illustrated embodiment, the input stage 24 includes an 
N-bit counter 30 and a buffer 32. The N-bit counter 30 is 
coupled With the source clock 28 and the buffer 32 as 
illustrated. The N-bit counter 30 operates in a Well-knoWn 
manner to count the frequency of the timing signals pro 
duced by the source clock 28. In addition, the N-bit counter 
30 provides a source counter value (CV(m)) as an output 
signal to the buffer 32. An exemplary N-bit counter is the 
event counter mechanism in a Motorola DSP56362 digital 
signal processor. 

[0044] The buffer 32 is also coupled With the information 
generator 26 and operates in a Well-knoWn manner to 
temporarily store the source information. In addition, the 
buffer 32 stores the most recent source counter value 

(CV(m)). An exemplary buffer may be a Well-knoWn ran 
dom access memory 

[0045] During operation, the buffer 32 temporarily stores 
the source information and the source counter value 
(CV(m)) in a predetermined number of bits. The buffer 32 is 
emptied as a function of the netWork master clock rate (Fn) 
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When the predetermined number of bits is clocked into the 
synchronous netWork 12. When the buffer 32 is emptied, 
additional source information and the current source counter 
value (CV(m)) are again stored in the buffer 32 as a function 
of the source sample rate (Fsi). 

[0046] In another embodiment, the input stage 24 includes 
a conventional analog-to-digital converter and the source 
clock 28. In this embodiment, the source information is 
provided from the source 22 in analog form. Accordingly, 
the input stage 24 digitiZes the source information at the 
source sample rate (Fsi) provided by the source clock 28. As 
in the previous embodiments, the digitiZed source informa 
tion and the source counter value (CV(m)) are input into the 
synchronous netWork 12 via the buffer 32. 

[0047] As illustrated in FIG. 2, the synchronous netWork 
12 includes a netWork master clock 38. The netWork master 
clock 38 may be any timing mechanism capable of provid 
ing netWork-timing signals representing the netWork master 
clock rate An exemplary timing mechanism is a loW 
jitter phase lock loop (PLL) device such as an Oasis Silicon 
Systems AG 0558104. The netWork master clock 38 is 
coupled With the source node 14 and the sink node 16 as 
illustrated. Operation of the netWork master clock 38 pro 
vides synchronism betWeen the source node 14 and the sink 
node 16 during transmissions over the synchronous netWork 
12. The netWork master clock 38 also provides the timing for 
generation of the netWork frames. 

[0048] FIG. 3 is a block diagram illustrating a plurality of 
netWork frames 40 transmitted in one embodiment of the 

synchronous netWork 12. The netWork frames 40 are netWork frames illustrated as Frame m, Frame m+1 and 

Frame m-1 to represent a portion of the digital information 
clocked into the synchronous netWork 12. Additional detail 
has been included in Frame m to illustrate the digital 
information represented in each of the netWork frames 40. In 
the illustrated embodiment, Frame m includes a ?rst source 
information Word (k) 42, a second source information Word 
(k‘) 44 and a source counter value (CV(m)) 46. In other 
embodiments, additional source information Words may be 
included in each of the netWork frames 40. Although not 
illustrated, other netWork frames 40 may represent synchro 
niZed digital information clocked into the synchronous net 
Work 12 (FIG. 1) using conventional synchroniZation tech 
niques. In conventional synchronous techniques, the 
netWork frames 40 do not include the source counter value 

(CV(m)) 46. 

[0049] Each of the netWork frames 40 is represented by a 
?xed predetermined netWork frame period (Tnf) 48. In 
addition, the ?rst source information Word (k) 42, the second 
source information Word (k‘) 44 and the source counter value 
(CV(m)) 46 are a ?xed predetermined number of bits Within 
each of the netWork frames 40. The length, or period, of the 
netWork frame period (Tnf) 48 is a function of the number 
of bits therein. In one embodiment, the netWork frame 
period (Tnf) for the synchronous netWork 12 is ?xed at 72 
bits. In other embodiments, the netWork frame period (Tnf) 
may include feWer or greater numbers of bits. 

[0050] The ?rst and second source information Words (k 
and k‘) 42, 44 represent a predetermined quantity of bits of 
the source information sampled at the source sample rate 
(Fsi). For example, Where the source information is stereo 
audio source information, the ?rst and second source infor 
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mation Words (k and k‘) 42, 44 may each be four bytes 
representing the audio source information; tWo bytes repre 
senting the left channel, and tWo bytes representing the right 
channel. In another example Where the source information is 
mono audio source information, the ?rst and second source 
information Words (k and k‘) 42, 44 may each be one byte 
representing the audio source information. 

[0051] The source counter value (CV(m)) 46 is a digital 
representation of the frequency (sample rate) of the source 
sample rate (Fsi). The value of the source counter value 
(CV(m) 46 Within each of the netWork frames 40 represents 
the source sample rate (Fsi) during generation of the source 
information represented by the ?rst and second source 
information Words (k and k‘) 42, 44. The source counter 
value (CV(m)) 46 of one embodiment is an ascending 
counter value represented by, for example, one byte. 

[0052] The information content of the ?rst and second 
source information Words (k and k‘) 42, 44 is dependent on 
the source sample rate (Fsi) and the netWork master clock 
rate More speci?cally, the ?rst and second source 
information Words (k and k‘) 42, 44 may include redundant 
or non-redundant information content depending on the ratio 
of the source sample rate (Fsi) and the netWork master clock 
rate For example, Where the frequency of the source 
sample rate (Fsi) is less than the netWork master clock rate 
(Fn), digital information is clocked into the synchronous 
netWork 12 faster than neW source information is sampled. 
Accordingly, at least one of the ?rst and second source 
information Words (k and k‘) 42, 44 may represent source 
information redundant to source information already 
clocked into the netWork frames 40. 

[0053] Where, for example, the frequency of the source 
sample rate (Fsi) is faster than the netWork master clock rate 
(Fn), source information is sampled faster than the digital 
information is clocked into the synchronous netWork 12. In 
these cases, the source information represented in the ?rst 
and the second source information Words (k and k‘) 42, 44 
may or may not be redundant. Accordingly, some of the 
netWork frames 40 may include source information repre 
senting redundant source information and other netWork 
frames 40 may include only non-redundant source informa 
tion. 

[0054] Referring again to FIG. 2, the embodiment of the 
sink node 16 includes an output stage 50 and a processing 
module 52 coupled as illustrated. Another sink node 16 (not 
illustrated) may include only the processing module 52, to 
process source information With a sample rate synchroniZed 
With the netWork master clock rate 

[0055] The output stage 50 may be any integrated circuit 
or other device capable of obtaining the ratio betWeen the 
source sample rate (Fsi) and the netWork master clock rate 
(Fn) and sample rate converting the source information as a 
function of the ratio. In the illustrated embodiment, the 
output stage 50 includes an R bit counter 54, an information 
sink 56 and a sample rate converter 58. 

[0056] The R bit counter 54 may be any circuit or device 
capable of counting the frequency of the netWork master 
clock rate (Fn) and providing a netWork counter value 
(NCV) as an output to the data sink 56. An exemplary 
counter is the event counter mechanism in a Motorola 
DSP56362 digital signal processor. 
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[0057] The information sink 56 may be any conventional 
storage device operating as a buffer to temporarily store the 
netWork counter value (NCV) and the digital information 18 
supplied over the synchronous netWork 12 in the netWork 
frames 40 (FIG. 3). An exemplary buffer is a Well-knoWn 
random access memory. The number of netWork frames 40 
stored in the information sink 56 is dependent on the sample 
rate conversion scheme utiliZed in the sample rate converter 
58. 

[0058] The sample rate converter 58 may be any conven 
tional sample rate conversion device or technique capable of 
interfacing With the information sink 56 to extract the digital 
information 18 and the netWork counter value (NCV) there 
from. In the illustrated embodiment, the sample rate con 
verter 58 is also capable of monitoring the master clock rate 
(Fn) directly to identify output interrupts. An exemplary 
sample rate converter 58 is a digital signal processing (DSP) 
chip operating With softWare that performs the sample rate 
conversion. Conventional sample rate converters use the 
ratio betWeen an existing sample rate and a desired sample 
rate to convert from the existing sample rate to the desired 
sample rate. In the presently preferred embodiments, the 
existing sample rate is the source sample rate (Fsi) and the 
desired sample rate is the netWork master clock rate 

[0059] In these embodiments, the sample rate converter 58 
is capable of estimating the ratio of the source sample rate 
(Fsi) and the netWork master clock rate Estimation of 
the ratio is performed using the source counter value 
(CV(m)) for the source sample rate (Fsi) and the netWork 
counter value (NCV) for the netWork master clock rate (Fn) 
as folloWs: 

source counter value (CV(m)) 

network counter value (NCV) 

Equation 1 

[0060] Referring noW to FIGS. 2 and 3, during operation, 
When the source counter value (CV(m)) 46 is extracted from 
one of the netWork frames 40, the sample rate converter 58 
estimates the ratio of the source sample rate (Fsi) and the 
netWork master clock rate The value of the source 
counter value (CV(m) 46 is used to indicate When the ?rst 
source information Word (k) 42 and/or the second source 
information Word (k‘) 44 are redundant to previously 
received information. The sample rate converter 58 may 
ignore redundant information. 

[0061] The folloWing examples illustrate the sample rate 
conversion operation When the source information Words 
illustratively depicted as (W0, W1, W2, W3, W4, W5, W6, W7, 
W8, W9 . . . ) are transmitted over the synchronous netWork 

12 from the source node 14 to the sink node 16. Each source 
information Word (W0, W1 . . . ) may be one of the ?rst 
source information Word (k) 42 or the second source infor 
mation Word (k‘) 44 Within one of the netWork frames 40. 

[0062] The beloW examples are illustrated in terms of a 
number assigned to each of the netWork frames 40, the 
corresponding source counter value (CV(m)) 46 and the ?rst 
and second source information Words (k, k‘) 42, 44. The 
number of each of the netWork frames 40 is indicative 
of the netWork counter value (NCV) provided by the master 
clock rate In addition, the source counter value 
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(CV(m)) 46 is indicative of the source sample rate (Fsi). 
Bolded italiciZation is used in the below examples to indi 
cate those source information Words (W0, W1 . . . ) that are 

redundant and therefore may not be used during sample rate 
conversion by the sample rate converter 58. 

[0063] If, for example, the ratio is estimated by the sample 
rate converter 58 to be Fsi=Fn, then: 

m CV(m) k1 k 

1 1 W0 W1 
2 2 W1 W2 
3 3 W2 W3 
4 4 W3 W4 
5 5 W4 W5 
6 6 W5 W6 

[0064] This example illustrates operation Where the source 
sample rate (Fsi) is estimated to be synchroniZed With the 
rate of the synchronous netWork 12. Since the rates are the 
same, one source information Word (W0, W1, . . . ) is 
available When the digital information 18 is clocked into 
each of the netWork frames 40. Accordingly, folloWing the 
transmittal of the initial netWork frame (m=1), the second 
source information Word (k‘) 44 is alWays redundant to a 
source information Word (W0, W1, . . . ) previously clocked 
into the synchronous netWork 12. As illustrated by bolded 
italiciZation, the ?rst source information Word (k) 42 of each 
netWork frame is used for sample rate conversion by the 
sample rate converter 58 and the second source information 
Word (k‘) 44 may be ignored. 

[0065] Although this example illustrates synchronous 
operation, conventional synchronous operation is not repre 
sented since the ratio is estimated and used in sample rate 
conversion. In this example, the ratio Was estimated to be 
exactly 1.00, hoWever, the ratio could also be estimated to 
be, for example, 0.95 or 1.05 Where the source sample rate 
(Fsi) and the netWork master clock rate (Fn) do not remain 
exactly synchroniZed. Conversely, conventional synchro 
nous operation relies on the source sample rate (Fsi) and the 
netWork master clock rate (Fn) remaining exactly synchro 
niZed at all times making estimation of the ratio unnecessary. 

[0066] If, for example, the ratio is estimated to be about 
Fsi=1.5 Fn, then: 

m CV(m) k1 k 

1 1 W0 W1 
2 3 W2 W3 
3 4 W3 W4 
4 6 W5 W6 
5 7 W6 W7 
6 9 W8 W9 
7 10 W9 W10 

[0067] In this example, the netWork master clock rate (Fn) 
at Which the digital information 18 is clocked into the 
synchronous netWork 12 is estimated to be sloWer than the 
source sample rate (Fsi). In some of the netWork frames 40, 
the ?rst and second source information Words (k, k‘) 42, 44 
are non-redundant source information Words. In other net 
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Work frames 40, hoWever, the same source information Word 
(W0, W1, . . . ) is clocked into one of the netWork frames 

multiple times as illustrated by the appearance of W3 in 
netWork frame m=2 and netWork frame m=3. Through ratio 
estimated With the source counter value (CV(m)) 46 and the 
netWork counter value (NCV), the redundant source infor 
mation Words (W0, W1, . . . ) may be ignored as indicated by 
bolded italiciZation in the above example. 

[0068] In another example, if the ratio is estimated to be 
about Fsi=2Fn, 

m CV(m) k1 k 

1 1 W0 W1 
2 3 W2 W3 
3 5 W4 W5 
4 7 W6 W7 
5 9 W8 W9 
6 1 1 W1 0 W1 1 
7 13 W12 W13 
8 15 W14 W15 

[0069] Since the source sample rate (Fsi) is estimated to be 
about tWice the netWork master clock rate (Fn), the ?rst and 
second source information Words (k, k‘) 42, 44 Will alWays 
be non-redundant source information Words (W0, W1, . . . ) 

that are used in sample rate conversion by the sample rate 
converter 58. In this example, the maximum ratio is 2 due to 
the number of source information Words (W0, W1, . . . ) in 
each of the netWork frames 40. Where the netWork frames 40 
provide for transmission of more source information Words 
(W0, W1, . . . ) in each of the netWork frames 40, the 
maximum ratio of the source sample rate (Fsi) and the 
netWork master clock rate (Fn) may become correspond 
ingly larger Without the loss of transmitted information. 

[0070] If, for example, the ratio is estimated to be about 
Fsi=Fn/2, then: 

m CV(m) k1 k 

1 1 W0 W1 
2 1 W0 W1 
3 2 W1 W2 
4 2 W1 W2 
5 3 W2 W3 
6 3 W2 W3 
7 4 W3 W4 
8 4 W3 W4 

[0071] Here, the frequency of the source sample rate (Fsi) 
is estimated to be half of the frequency of the netWork 
master clock rate Accordingly, some of the netWork 
frames 40 Will include only redundant source information 
Words (W0, W1, . . . ), some Will include no redundant source 

information Words (W0, W1, . . . ) and some Will include a 

combination of redundant and non-redundant source infor 
mation Words (W0, W1, . . . As illustrated by bolded 

italiciZation, the sample rate converter 58 may use the 
comparison of the source counter value (CV(m)) 46 With the 
netWork counter value (NCV) to disregard redundant source 
information Words (W0, W1, . . . 
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[0072] In this example, conventional synchronization 
techniques could possibly be used so long as the source 
sample rate (Fsi) remains an exact Whole number multiple of 
the netWork master clock rate (Fn), and the source sample 
rate (Fsi) remains synchronized exactly With the netWork 
master clock rate As illustrated in the above example, 
exact synchroniZation provides the same repeatable pattern 
of redundant source information Words (W0, W1, . . . ) in each 
of the netWork frames. As such, a static repeatable pattern 
could be used in conjunction With conventional synchroni 
Zation techniques to assume and ignore redundant source 
information Words. 

[0073] If hoWever, the multiplier is a nominal value sub 
ject to variation, or not an exact multiple, the pattern in each 
of the netWork frames are not alWays be repeatable. In this 
case, a static repeatable pattern used in conjunction With 
conventional synchroniZation techniques Would erroneously 

assume redundant source information Words (W0, W1, . . . Conversely, the embodiments of the synchronous netWork 

transmission system 10 are capable of accommodating 
variations and inexact multipliers since synchroniZation of 
the source sample rate (Fsi) and the netWork master clock 
rate (Fn) may or may not occur. Multiplier variations and 
inexact multipliers are tracked via the ratio to identify 
redundant source information Words (W0, W1, . . . ) in each 
of the netWork frames 40. 

[0074] The previous examples illustrate only some of the 
many possible ratios that may occur betWeen the source 
sample rate (Fsi) and the netWork master clock rate In 
addition, the output stage 50 may sample rate convert source 
information from a number of different source nodes 14 
operating at various source sample rates (Fsi). Further, in 
other embodiments, the output stage 50 may include addi 
tional sample rate conversion capabilities to convert the 
source information from the netWork master clock rate (Fn) 
to another rate compatible With the operation of the pro 
cessing module 52. 

[0075] Referring again to FIG. 2, the processing module 
52 is electrically coupled With the output stage 50 and 
receives the sample rate converted source information there 
from. The processing module 52 may be any circuit con 
?guration or device that includes the capability to generate 
synthesiZed source information 20 from the sample rate 
converted source information. The processing module 52 
may include a digital-to-analog converter, ?ltering or any 
other processing capabilities to perform the synthesis. The 
operational capabilities of the processing module 52 are 
dependent on the information content represented by the 
sample rate converted source information and the content 
desired in the synthesiZed source information 20. 

[0076] In one embodiment, the source information is 
audio source information. In this embodiment, the process 
ing module 52 may be any circuit con?guration or device 
that includes the capability to perform conversion from 
digital to analog. In addition, the processing module 52 
includes capability to manipulate audible parameters per 
taining to the audio source information. Exemplary audible 
parameters include volume, tone, balance, equaliZation, 
reverberation, concert hall effects or any other types of 
processing to adjust sound imaging of the synthesiZed audio 
source information. Exemplary processing modules include 
an ampli?er, a human machine interface (HMI) and a voice 
command module. 
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[0077] FIG. 4 illustrates another embodiment of the syn 
chronous netWork transmission system 10 that includes the 
synchronous netWork 12, at least one source node 14, at least 
one sink node 16 and at least one output stage 60 electrically 
coupled as illustrated. The synchronous netWork 12 and the 
source node 14 are similar in con?guration and operation to 
the synchronous netWork 12 and the source node 14 previ 
ously described With reference to FIGS. 2 and 3. 

[0078] The sink node 16 of this embodiment includes a 
processing module 62. The con?guration and operation of 
the processing module 62 is similar in many respects to the 
processing module 52 previously discussed With reference to 
FIG. 2. In this embodiment, hoWever, the processing mod 
ule 62 is directly coupled With the synchronous netWork 12. 
The processing module 62 also includes the capability to 
receive and process digital information sent over the syn 
chronous netWork 12 to produce synthesiZed source infor 
mation 20. Digital information received by the processing 
module 62 may be sent over the synchronous netWork 12 
from the output stage 60 or may be sent directly from the 
source node 14. Digital information received directly from 
the source node 14 includes source information synchro 
niZed With the netWork master clock rate (Fn) prior to 
transmission. Conversely, digital information received by 
the output stage 60 includes source information sampled at 
a sample rate that is not synchroniZed With the netWork 
master clock rate 

[0079] The output stage 60 is similar in operation and 
con?guration to the output stage 50 previously discussed 
With reference to FIG. 2. The output stage 60 of this 
embodiment receives the digital information 18 and per 
forms sample rate conversion of the source information. In 
addition, the output stage 60 includes the capability to 
transmit sample rate converted source information 64 over 
the synchronous netWork 12 to the processing module 62. 
Accordingly, the output stage 60 may be physically located 
remote from the processing module 62 yet still provide 
sample rate converted source information 64 to the process 
ing module 62. 

[0080] During operation of this embodiment, source infor 
mation may be sampled at a source sample rate (Fsi) that is 
different from the netWork master clock rate The 
source information along With the source counter value 
(CV(m)) is represented by the digital information 18. The 
digital information 18 may be clocked into the synchronous 
netWork 12 at the netWork master clock rate The output 
stage 60 receives the digital information 18 and extracts the 
source counter value (CV(m)) therefrom. In addition, the 
output stage 60 obtains the netWork counter value (NCV) 
generated as a function of the netWork master clock rate 

(Fn). 
[0081] Using the source counter value (CV(m) and the 
netWork counter value (NCV), the output stage 60 estimates 
the ratio of the source sample rate (Fsi) and the netWork 
master clock rate (Fn) as previously discussed. The output 
stage 60 then sample rate converts the source information to 
the netWork master clock rate (Fn) With the estimated ratio. 
The sample rate converted source information 64 is trans 
mitted over the synchronous netWork 12 to the sink node 16. 
Since the sample rate of the sample converted source 
information 64 is the same as the netWork master clock rate 
(Fn), the sample rate converted source information 64 is 
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clocked into the synchronous network, transmitted and 
received as in conventional synchronous netWorks. 

[0082] The processing module 62 Within the sink node 16 
operates With the same frequency as the netWork master 
clock rate The processing module 62 receives the 
sample rate converted source information 64 and performs 
further processing to produce the synthesiZed source infor 
mation 20. In one embodiment, one output stage 60 is used 
to sample rate convert source information transmitted to one 
processing module 62. In another embodiment, one output 
stage 60 sample rate converts source information transmitted 
to a plurality of processing modules 62. In yet another 
embodiment, a plurality of output stages 60 perform sample 
rate conversion for at least one processing module 62. 

[0083] Referring again to FIG. 1, the synchronous net 
Work transmission system 10 may also accommodate trans 
mission of blocks of multi-channel data. Blocks of multi 
channel data may include any type of multimedia 
information such as, audio, video or audiovisual data con 
sisting of multiple channels. Multi-channel audio data, for 
eXample, may consist of tWo channel stereo pairs (e.g. left 
and right stereo channels), multi-channel surround sound 
(such as DolbyTM Digital 5.1 and DT TM (digital theatre 
system) With siX channels and SDSS (SonyTM dynamic 
digital sound) With eight channels. 
[0084] Blocks of multi-channel data may be generated as 
source information by a source node 14. As previously 
described, the blocks may be processed sequentially at a ?rst 
rate to generate digital information 18. The digital informa 
tion 18 may be clocked into the synchronous netWork 12 at 
a second rate. Upon receipt at the sink node 16, the digital 
information 18 may be processed to generate synthesiZed 
blocks of multi-channel data. 

[0085] To avoid the delay of Waiting for an entire block to 
be processed When the ?rst and second rates are not syn 
chroniZed, partial blocks of multi-channel data may be 
transmitted over the netWork 12 in separate netWork frames 
40 (FIG. 3). Accordingly, traf?c betWeen the source node 14 
and the sink node 16 may be maintained at a more uniform 
rate than Would otherWise occur if transmission Was delayed 
until complete blocks could be processed into a netWork 
frame 40. Further, a savings in the number of unused 
allocated netWork frames 40 may be realiZed, thereby opti 
miZing use of the available bandWidth Within the synchro 
nous netWork 12. 

[0086] To accommodate the transmission of partial blocks, 
additional information may be included Within each of the 
netWork frames 40. The additional information may indicate 
When a partial block of multi-channel data is present in the 
netWork frame 40. Accordingly, the digital information 18 
may be processed at the sink node 16 to generate synthesiZed 
blocks of multi-channel data based on the ?rst rate, the 
second rate and indication of partial blocks of multi-channel 
data. 

[0087] FIG. 5 is a block diagram of an embodiment of a 
plurality of netWork frames 40 transmitted by the synchro 
nous netWork 12 (FIG. 1). Similar to the embodiment 
illustrated in FIG. 3, representative frames m, m+1 and m-1 
are illustrated to represent a portion of the digital informa 
tion clocked into the synchronous netWork 12. 

[0088] Additional detail Within Illustrated frame m 
includes the ?rst source information Word (k) 42, the second 
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source information Word (k‘) 44 and the source counter value 
(CV(m)) 46 as previously described. Additional source 
information Words may similarly be included in each of the 
netWork frames 40. In addition, frame m includes a header 
70. Accordingly, the period of the ?Xed predetermined 
netWork frame period (Tnf) 48 may be adjusted to accom 
modate inclusion of the bits associated With the header 70. 

[0089] The header 70 includes an upper portion 72 and a 
loWer portion 74. The upper portion 72 may be utiliZed to 
indicate the number of complete blocks of multi-channel 
data included in the frame 40. The loWer portion 74 may be 
utiliZed to identify partial blocks. Accordingly, the siZe of 
the header 70 may be dependent on the number of blocks of 
multi-channel data it is possible to transmit in a netWork 
frame 40. 

[0090] For eXample, Where the multi-channel data is audio 
data in the form of 2 channel integral stereo pairs (e.g. left 
and right channels), the header 70 may include eight bits. 
Four bits, or an upper nibble, may be included in the upper 
portion 72, and four bits or a loWer nibble may be included 
in the loWer portion 74 to indicate complete and partial 
blocks, respectively. 
[0091] As in the previously discussed stereo eXample, ?rst 
and second source information Words (k and k‘, respectively) 
42, 44 of illustrated frame m may each be four bytes, tWo 
bytes representing a right sample from the right channel and 
tWo bytes representing a left sample from the left channel of 
a stereo pair. Where the source sample rate (Fsi) and the 
netWork master clock rate (Fn) are synchroniZed, each of the 
?rst and second source information Words (k and k‘) 42, 44 
may include samples representative of a complete integral 
stereo pair. 

[0092] If on the other hand, the source sample rate (Fsi) 
and the netWork master clock rate (Fn) are not synchroniZed, 
each of the ?rst and second source information Words (k and 
k‘) 42, 44 may not include samples representative of a 
complete stereo pair. If for eXample only a left sample Was 
received during the current ?Xed predetermined netWork 
frame period (Tnf) 48, then the left sample may be clocked 
into a netWork frame 40 and transmitted over the synchro 
nous netWork 12 Without Waiting for the corresponding right 
sample. In this eXample, the upper portion 72 of the header 
70 Will identify the number of complete integral pairs in the 
netWork frame 40 as Zero. In addition, the loWer portion 74 
may identify that an unpaired left sample of a stereo pair is 
included in the netWork frame 40 as a partial block of 
multi-channel data. 

[0093] Different values Within the upper portion 72 and 
the loWer portion 74 of header 70 may indicate the contents 
of the associated netWork frame 40. For example, in the case 
of tWo channel stereo pairs, a Zero in the loWer portion 74 
may indicate no unpaired samples, an eight may identify an 
unpaired left sample and a four may identify an unpaired 
right sample in a netWork frame 40. Further, a tWelve (or 
heXadecimal “C”) may identify both an unpaired left and 
right sample is included in the netWork frame 40. Any other 
values may be utiliZed to indicate partial and complete 
blocks of multi-channel data. Moreover, if more than tWo 
channels are included in the blocks of multi-channel data 
transported over the netWork 12, more bits may be needed 
and the number of bits and overall length of the header 70 
may be adjusted accordingly. 
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[0094] Referring to FIGS. 1 and 5, as previously dis 
cussed, during processing at the sink node 16 to produce 
synthesized source information 20, the source counter value 
CV(m) 46 may be utiliZed. The source counter value CV(m) 
46 may be utiliZed to identify redundant source information 
When the netWork master clock rate (Fn) 86 and the source 
sample rate (Fsi) 80 are different. In addition, the header 70 
may be utiliZed during processing at the sink node 16 to 
identify portions of blocks of multi-channel data received in 
multiple netWork frames 40. With the information included 
in the header 70, the sink node 16 may process netWork 
frame(s) 40 to create a synthesiZed block of multi-channel 
data. The capability to process the header 70 may be 
included in the output stage 50, 60 (FIGS. 2 and 4). More 
speci?cally, the output stage 50, 60 (FIGS. 2 and 4) may 
identify and form complete blocks of multi-channel data 
from the partial blocks of multi-channel data, and the 
processing module 52, 62 (FIGS. 2 and 4) may create 
synthesiZed blocks of multi-channel data as previously dis 
cussed. 

[0095] FIG. 6 is an exemplary timing diagram illustrating 
operation of the synchronous netWork transmission system 
10 With a plurality of tWo channel stereo pairs. With refer 
ence to FIG. 2, the timing diagram of FIG. 6 includes a 
source sample rate (Fsi) 80 of source clock 28, input source 
information 82 to buffer 32 from information generator 26 
and output source information 84 from buffer 32. In addi 
tion, the timing diagram includes netWork frames 40 in the 
synchronous netWork 12 and a netWork master clock rate 
(Fn) 86 from the master clock 38. Although the exemplary 
timing diagram illustrates operation With blocks of multi 
channel data that are stereo pairs, the synchronous netWork 
transmission system 10 may operate similarly With blocks 
having any number of channels. 

[0096] As previously discussed, source information is 
sampled at the source sample rate (Fsi) 80 and temporarily 
stored in the buffer 32 as digital information. The stored 
source information may then be clocked into the netWork 12 
at the netWork master clock rate (Fn) 86, transmitted over 
the synchronous netWork 12, and processed to develop 
synthesiZed source information 20 as previously discussed. 

[0097] In the illustrated example, the frequency of the 
netWork master clock rate (Fn) 86 is loWer than the source 
sample rate (Fsi) 80. For example, the netWork master clock 
rate (Fn) 86 may be 44.1 kHZ and the source sample rate 
(Fsi) 80 may be 48 kHZ. In other examples, the netWork 
master clock rate (Fn) 86 may be loWer or the same With 
respect to the source sample rate (Fsi) 80. 

[0098] As depicted in FIG. 6, during a ?rst source sample 
period 90, a left stereo sample (L2) and a right stereo sample 
(R2) from a third integral pair are sampled and stored as 
input source information 82. Similarly, previously sampled 
left stereo sample (L1) and right stereo sample (L2) from a 
second integral pair may be stored Within the buffer 32 as 
output source information 84. Also stored Within the buffer 
32 as output source information 84 are the source counter 

value CV(m) 46 and the header 70. 

[0099] During a ?rst netWork frame period 92 that starts 
during the ?rst source sample period 90, a left stereo sample 
(L0) and right stereo sample (L0) from a ?rst integral pair 
that Were previously output source information 84 in the 
buffer 32 may be clocked into a netWork frame 40. In this 
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example, the left and right stereo pair (L0, R0) are clocked 
into the ?rst source information Word (k) 42 previously 
discussed With reference to FIGS. 3 and 5. Since only the 
left and right stereo pair (L0, R0) Were stored as output 
source information 84 at the start of the ?rst netWork frame 
period 92, no source information is clocked into the second 
source information Word (k‘) 44 as illustrated. 

[0100] Also clocked into the netWork frame 40 during the 
?rst netWork frame period 92 are the associated source 
counter value CV(m) 46 and the header 70. As previously 
discussed, the source counter value CV(m) 46 represents the 
frequency of the source sample rate (Fsi) 80 When the left 
and right stereo pair (L0, R0) Were sampled. Since only one 
complete block of multi-channel data Was included in the 
netWork frame 40 (left and right stereo pair (L0, R0)), the 
upper portion 72 of the header 70 may be a one and the loWer 
portion 74 of the header 70 may be a Zero (FIG. 5). 

[0101] Prior to the start of a second netWork frame period 
94, a second sample period 96 may start. During the second 
sample period 96, a fourth integral pair, left stereo sample 
(L3) and right stereo sample (R3) are sampled and tempo 
rarily stored as input source information 82. In addition, 
during the second netWork frame period 94, a third sample 
period 98 may start resulting in temporary storage as input 
source information 82 of a left stereo sample (L4) from a 
?fth integral pair. 
[0102] Upon the falling edge 100 of the second netWork 
frame period 94, left and right stereo pair (L2, R2) become 
output source information 84 as illustrated by arroW 102. 
The associated source counter value (CV(rn)) 46 and header 
70 are also included. Header 70 indicates one complete 
block of multi-channel data and no partial blocks. Similarly, 
left and right, stereo pair (L1, R1) and associated source 
counter value (CV(rn)) 46 and header 70 are similarly 
clocked into a netWork frame 40 as illustrated by arroW 104 
upon the falling edge 100 of the second netWork frame 
period 94. 
[0103] During a third netWork frame period 106, similar 
operations occur to store a right sample (R4) of the ?fth 
integral pair and a left sample (L5) of a sixth integral pair as 
input source information 82. Left and right stereo pair (L3, 
R3) and left sample (L4) are also stored as output source 
information 84 along With the associated source counter 
value (CV(m) 46 and the header 70 as illustrated by arroW 
108. In this case, the header 70 includes a value of one in the 
upper portion 72 (FIG. 5) and a value of eight in the loWer 
portion 74 (FIG. 5) to indicate a complete block (left and 
right stereo pair (L3, R3)) and a partial block (unpaired left 
sample (L4)), respectively. The other operations during the 
third netWork frame period 106 are similar to What Was 
previously described. 
[0104] The right sample (R4) of the ?fth integral pair and 
the left sample (L5) of a sixth integral pair are stored as 
output source information 84 on the falling edge of the third 
netWork frame period 104 as illustrated by arroW 110. The 
associated header 70 includes a Zero in the upper portion 72 
(FIG. 5) to indicate the absence of any complete blocks of 
multi-channel data and the loWer portion 74 (FIG. 5) 
includes a “C” to indicate tWo partial blocks. In addition, 
during a fourth netWork frame period 112, a right sample 
(R5) of the sixth integral pair and a left and right stereo pair 
(L6, R6) of a seventh integral pair may be stored as input 
source information 82. 



US 2003/0063684 A1 

[0105] On the falling edge of the fourth network frame 
period 112, the right sample (R5) of the sixth integral pair 
and the left and right stereo pair (L6, R6) of the seventh 
integral pair may similarly be stored as output source 
information 84 as illustrated by arrow 114. In this case, the 
associated header 70 includes a one in the upper portion 72 
(FIG. 5) and a four in the lower portion 74 (FIG. 5) to 
indicate one left and right stereo pair (L6, R6) and an 
unpaired right sample (R5), respectively, as illustrated by 
arrow 116. On the falling edge of a ?fth network frame 
period 118 the right sample (R5) and the left and right stereo 
pair (L6, R6) are clocked into a network frame 40. In this 
case, the ?rst source information word (k) 42 includes right 
sample (R5) and left sample (L6) and the second source 
information word (k‘) 44 includes right sample (R6). 
Accordingly, the network frame 40 includes a complete 
block of multi-channel data (L6, R6), and a partial block of 
multi-channel data (R5). 

[0106] As can be seen from the eXample illustrated in 
FIG. 6, operation of the synchronous network transmission 
system 10 may be used to transport over the synchronous 
network 12 multimedia source material of any arbitrary 
number of channels. Since complete and/or partial blocks of 
multi-channel data may be clocked into each of the network 
frames 40, the transmission of empty network frames 40 
while waiting for complete blocks of multi-channel data to 
be sampled and temporarily stored may be avoided. Accord 
ingly, the available bandwidth of the synchronous network 
12 may be utiliZed ef?ciently by minimiZing the number of 
un-used allocated network frames 40 that are transmitted 
over the synchronous network 12. 

[0107] The previously discussed embodiments of the syn 
chronous network transmission system 10 allow the trans 
mission over the synchronous network 12 of source infor 
mation processed at various source sample rates (Fsi). The 
various source sample rates (Fsi) may be less than, greater 
than, or equal to the network master clock rate In 
addition, source information may be synchroniZed with the 
network master clock rate (Fn) and transmitted over the 
synchronous network 12 as in conventional synchronous 
networks. Synchronization with the network master clock 
rate (Fn) may involve sample rate converting the source 
information to the rate of the network master clock 38 to 
synchroniZe the source information with the synchronous 
network 12. 

[0108] In the presently preferred embodiments, sample 
rate conversion prior to transmission may be avoided by 
using the ratio of the source sample rate (Fsi) and the 
network master clock rate (Fn) to eXtract and sample rate 
convert the source information following transmission. 
When the ratio technique is utiliZed, at least two source 
information words are accomodated in each network frame, 
along with representation of the source sample rate (Fsi). 
Since the source information words may include redundant 
and non-redundant source information, the frequency of the 
various source sample rates (Fsi) may be either higher, lower 
or equal to the network master frame rate (Fn) without loss 
of information. 

[0109] The synchronous network transmission system 10 
may also include a header 70 to accommodate the ef?cient 
transmission of multimedia source information of any num 
ber of channels. The header 70 allows for blocks of multi 
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channel data to be divided among different network frames 
40 for transmission. Upon reciept from the synchronous 
network 12, the header 70 may be utiliZed to reassemble the 
blocks of multi-channel data during processing to generate 
synthesiZed source information 20. 

[0110] While the invention has been described above by 
reference to various embodiments, it will be understood that 
many changes and modi?cations can be made without 
departing from the scope of the invention. It is therefore 
intended that the foregoing detailed description be under 
stood as an illustration of the presently preferred embodi 
ments of the invention, and not as a de?nition of the 
invention. It is only the following claims, including all 
equivalents that are intended to de?ne the scope of this 
invention. 

What is claimed is: 
1. A method of transmitting multi-channel data as digital 

information over a synchronous network, the method com 
prising: 

a) processing a plurality of blocks of multi-channel data 
at a ?rst rate to generate digital information; 

b) clocking the digital information into network frames in 
a synchronous network at a second rate, the second rate 
different than the ?rst rate; and 

c) indicating digital information representative of partial 
blocks of multi-channel data within each of the network 
frames. 

2. The method of claim 1, further comprising: 

d) transmitting each of the network frames over the 
synchronous network; 

e) receiving the digital information from the synchronous 
network; and 

f) processing the digital information as a function of the 
?rst rate, the second rate and the indication of partial 
blocks of multi-channel data to generate synthesiZed 
blocks of multi-channel data. 

3. The method of claim 1, wherein a) comprises process 
ing blocks of multi-channel audio data. 

4. The method of claim 1, wherein b) comprises clocking 
digital information representative of partial blocks of multi 
channel data into the network frames without waiting for the 
remainder of the partial blocks of multi-channel data to be 
processed. 

5. The method of claim 1, wherein c) comprises including 
a header in each of the network frames, the header indicative 
of partial blocks of multi-channel data and the number of 
complete blocks of multi-channel data included in an asso 
ciated network frame. 

6. The method of claim 1, wherein a) comprises storing 
the digital information in a buffer, the digital information 
initially stored as input source information and stored as 
output source information prior to b). 

7. The method of claim 1, wherein b) comprises clocking 
a source counter value and a header into each of the network 
frames, the source counter value indicative of the ?rst rate 
and the header indicative of partial blocks of multi-channel 
data within a corresponding network frame. 

8. A method of processing multi-channel data transmitted 
as digital information over a synchronous network, the 
method comprising: 

a) receiving a ?rst network frame from a synchronous 
network, wherein each transmitted network frame 



US 2003/0063684 A1 

includes digital information representative of multi 
channel data sampled at a ?rst rate, a source counter 
value indicative of the ?rst rate and indication of 
Whether a partial block of multi-channel data is repre 
sented in the netWork frame; 

b) processing the ?rst netWork frame to generate a syn 
thesiZed block of multi-channel data as a function of 
the source counter value, a netWork counter value 
indicative of a synchronous netWork master clock rate 
and the indication of Whether a partial block of multi 
channel data is represented; and 

c) processing at least one second netWork frame to 
complete generation of the synthesiZed block of multi 
channel data When it is indicated that a partial block of 
multi-channel data is represented in the ?rst netWork 
frame. 

9. The method of claim 8, Wherein each transmitted 
netWork frame also includes indication of the number of 
complete blocks of multi-channel data included in the trans 
mitted netWork frame and b) comprises processing the ?rst 
netWork frame to generate a synthesiZed block of multi 
channel data as a function of the indication of the number of 
blocks of complete multi-channel data included in the ?rst 
netWork frame. 

10. The method of claim 8, Wherein b) comprises extract 
ing from a header of the ?rst netWork frame indication of 
Whether a partial block of multi-channel data is represented 
in the ?rst netWork frame, the header including an upper 
portion and a loWer portion, the upper portion indicative of 
complete blocks of multi-channel data included in the ?rst 
netWork frame and the loWer portion indicative of partial 
blocks of multi-channel data included in the ?rst netWork 
frame. 

11. The method of claim 8, Wherein the ?rst rate and the 
second rate are different and b) comprises identifying redun 
dant transmission of digital information as a function of the 
source counter value and the netWork counter value. 

12. The method of claim 8, Wherein b) comprises counting 
the frequency of the synchronous netWork master clock rate 
to determine the netWork counter value. 

13. The method of claim 8, Wherein indication that a 
partial block of multi-channel data is represented indicates 
one of a left stereo sample and a right stereo sample is 
omitted from the ?rst netWork frame. 

14. The method of claim 8, Wherein a), b) and c) are 
performed With an output stage and subsequently transmit 
ted over the synchronous netWork to a processing module to 
generate the synthesiZed block of multi-channel data. 

15. A synchronous netWork transmission system for trans 
mitting multi-channel audio data as digital information over 
a synchronous netWork, the system comprising: 

a source node operable to generate digital information, the 
digital information comprising a plurality of blocks of 
multi-channel data sampled at a ?rst rate; and 
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a synchronous netWork coupled With the source node, 
Wherein the synchronous netWork is operable at a 
second rate different than the ?rst rate, the digital 
information sequentially clocked into the synchronous 
netWork at the second rate, Wherein the blocks of 
multi-channel data remain sampled at the ?rst rate, 

the source node operable to identify partial blocks of 
multi-channel data Within the digital information that is 
clocked into the synchronous netWork. 

16. The synchronous netWork transmission system of 
claim 15, further comprising a sink node coupled With the 
synchronous netWork, the sink node operable to process 
digital information to generate synthesiZed blocks of multi 
channel data as a function of the identi?cation of partial 
blocks of multi-channel data received over the synchronous 
netWork. 

17. The synchronous netWork transmission system of 
claim 16, Wherein the sink node comprises an output stage 
and a processing module, the output stage operable to 
identify and form complete blocks of multi-channel data 
from the partial blocks of multi-channel data, the processing 
module operable to generate synthesiZed blocks of multi 
channel data. 

18. The synchronous netWork transmission system of 
claim 15 , Wherein the source node comprises a source clock, 
an information generator, an N-bit counter and a buffer. 

19. The synchronous netWork transmission system of 
claim 15, Wherein digital information is clocked into a 
plurality of netWork frames, the source node operable to 
identify partial blocks of multi-channel data Within each of 
the netWork frames. 

20. The synchronous netWork transmission system of 
claim 15, Wherein each of the netWork frames include a 
header having an upper portion and a loWer portion, the 
upper portion indicative of complete blocks of multi-channel 
data included Within the netWork frame, the loWer portion 
indicative of partial blocks of multi-channel data included 
Within the netWork frame. 

21. The synchronous netWork transmission system of 
claim 15, Wherein each of the netWork frames includes a 
header, a source counter value representative of the ?rst rate, 
a ?rst source information Word and a second source infor 
mation Word, the header indicative of partial and complete 
blocks of multi-channel data Within the ?rst source infor 
mation Word and the second source information Word. 

22. The synchronous netWork transmission system of 
claim 15, Wherein the multi-channel data comprises multi 
channel audio data. 

23. The synchronous netWork transmission system of 
claim 15, Wherein the multi-channel data comprises one of 
tWo channel audio data, siX channel audio data and eight 
channel audio data. 


