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(57) ABSTRACT 

A cable television system (100) includes forward and 
reverse paths. Reverse path circuitry within an optical node 
(400) of the system (100) receives reverse analog electrical 
Signals from Subscriber equipment (140) and generates 
therefrom a multiplexed reverse digital optical Signal. The 
reverse digital optical Signal is transmitted over a fiber optic 
cable 420 to a cable television hub (430), the reverse path 
portion of which includes no active circuitry. The hub (430) 
multiplexes the reverse digital optical Signal with other 
reverse digital optical Signals from other nodes to generate 
one or more forwarded digital optical Signals at a hub output, 
wherein generation of the one or more forwarded digital 
optical Signals requires only passive devices in the reverse 
path of the hub (430). The hub (430) is coupled to headend 
equipment (460) by one or more fiber optic cables (445, 
450), and the headend equipment (460) receives the one or 
more forwarded digital optical signals and recovers there 
from the reverse analog electrical signals provided to the 
optical node (400). 
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CABLE TELEVISION SYSTEM WITH DGITAL 
REVERSE PATH ARCHITECTURE 

FIELD OF THE INVENTION 

0001. This invention relates generally to communication 
Systems, and more Specifically to communication Systems 
having two-way communication capability. 

BACKGROUND OF THE INVENTION 

0002 Communication systems, such as cable television 
Systems, typically include a headend Section for receiving 
Satellite signals and demodulating the Signals to an interme 
diate frequency (IF) or baseband. The down converted 
Signals are then modulated with radio frequency (RF) car 
riers and converted to an optical Signal for transmission from 
the headend Section over fiber optic cable. Optical transmit 
ters are distributed throughout the cable System, Such as at 
headends or hubs, for transmitting and/or forwarding optical 
Signals, and optical receivers are provided in remote loca 
tions within the distribution System for receiving the optical 
Signals and converting them to radio frequency (RF) signals 
that are further transmitted along branches of the System 
over coaxial cable rather than fiber optic cable. Taps are 
Situated along the coaxial cable to tap off downstream (also 
referred to as “outbound” or “forward”) cable signals to 
subscribers of the system. 
0.003 Communications as described in the preceding 
paragraph are generally referred to as "forward” or “down 
Stream” communications since the Signals originate at a 
headend and travel downstream, or in a forward direction, 
throughout the System to System Subscribers. Some commu 
nication Systems, particular Some cable television Systems, 
also include reverse path communications, in which Sub 
Scriber equipment, e.g., Set top boxes, televisions, and 
modems, transmit Signals upstream, or in a reverse direction, 
to a headend or hub for processing. Communications in both 
directions have typically been analog in format. 
0004 Various factors influence the ability to accurately 
transmit and receive optical Signals within an analog cable 
television system. As the length of fiber optic cable within 
a System increases, for example, Signal losses also increase, 
thereby causing Signal quality degradation. Furthermore, 
temperature fluctuations, which cause variation in the opti 
cal modulation index of the optical transmitter, can result in 
variation of the radio frequency (RF) output level of the 
optical receiver. Signal distortions can be caused by non 
linearities in the laser and photodiode of the optical trans 
mitter. These problems can be magnified when reverse path 
Signals from Subscriber equipment are transmitted upstream 
and processed by the same System equipment, Such as nodes, 
hubs, and headend equipment. 
0005 Although signal degradation problems can be miti 
gated by employing expensive techniques, e.g., decreasing 
fiber lengths between optical nodes or increasing the number 
of hubs and nodes within a System, Such techniques may 
prohibitively increase costs to both subscribers and service 
providers. Thus, what is needed is a better way to provide 
reliable and accurate transmission of optical Signals within 
a cable television System. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 is a block diagram of a conventional cable 
television System. 
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0007 FIG. 2 is an electrical block diagram of conven 
tional headend, hub, and node equipment for use in a cable 
television System. 
0008 FIG. 3 is an electrical block diagram of headend, 
hub, and node equipment for use in a cable television System 
in accordance with the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

0009 FIG. 1 shows a communications system, such as a 
cable television system 100 having both forward and reverse 
paths, i.e., having the ability to communicate downstream in 
the forward direction and upstream in the reverse direction. 
The cable television system 100 includes headend equip 
ment 105 for receiving Signals from various Sources and 
processing and/or modulating them for delivery over the 
communications network 100. The signals are then con 
verted to cable television signals that are routed throughout 
the system 100 to subscriber equipment 140, such as set top 
decoders, televisions, or computers, located in the resi 
dences or offices of system subscribers. The headend 105 
can, for instance, convert a broadband radio frequency (RF) 
Signal to an optical Signal that is transmitted over fiber optic 
cable 110, in which case a remotely located optical hub 115 
forwards the optical Signal further throughout branches of 
the system 100 over additional fiber optic communication 
media 120. In the different branches of the system 100, one 
or more optical nodes 125 convert the forward optical 
Signals to electrical radio frequency (RF) Signals for trans 
mission deeper into the system 100 over electrical commu 
nication media, such as coaxial cable 130. Taps 135 located 
along the cable 130 at various points in the distribution 
System split off portions of the RF signal for routing to 
subscriber equipment 140 coupled to subscriber drops pro 
vided at the taps 135. 
0010. The system 100, as mentioned, also has reverse 
transmission capability So that Signals, Such as data, Video, 
or Voice Signals, generated by the Subscriber equipment 140 
can be provided back to the headend equipment 105 for 
processing. The reverse Signals travel through the taps 135 
and any nodes 125 and hubs 115 to the headend 105. In the 
configuration shown in FIG. 1, RF signals generated by the 
subscriber equipment 140 travel to the node 125, which 
converts the RF signals to optical Signals for transmission 
over the fiber optic cable 120 through the hub 115 to the 
headend 105. 

0011 AS reverse transmission equipment, Such as com 
puters, modems, televisions, and Set top units, located in 
Subscriber homes and offices becomes more prevalent, 
upstream traffic increases accordingly, resulting in the need 
for more efficient Signal processing and more complex 
equipment in the reverse path of cable television Systems. 
0012 FIG. 2 shows an analog reverse path scheme that 
has been employed in the reverse path of cable television 
systems, such as the system 100 of FIG. 1. In FIG. 2, the 
reverse path equipment portions of a node 300, a hub 330, 
and headend equipment 360 are depicted. The node 300 
includes, for example, reverse path equipment for proceSS 
ing upstream signals generated at approximately 1,000 
homes. More specifically, the node 300 includes four input 
ports 205 for receiving RF signals forwarded upstream by 
taps (not shown) within the system. The RF signals are 
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provided to a signal Summer 210 for combining the RF 
Signals, and the Summed analog RF signal is provided to an 
analog optical transmitter 215 for transmission, in a known 
manner, as an optical Signal over a fiber optic communica 
tion channel 320. The optical Signal can, for instance, be 
transmitted at 1310 nanometers (nm). 
0013 An upstream hub 330 includes four receiver cir 
cuits 230, each one of which can process an incoming analog 
optical signal from a different node 300. Each receiver 
circuit 230 processes the received analog optical Signal to 
recover the RF signal which was Summed in the node 300 
and Subsequently provided to the node transmitter 215. The 
recovered RF signals from the four receiver circuits 230 are 
combined by a signal Summer 235 within the hub 330 and 
then processed for transmission by an analog optical trans 
mitter 240, which can, for example, transmit at 1550 nm. 
The output of the transmitter 240 is provided to an input of 
a eight-to-one dense wave division multiplexer (DWDM) 
250, which can multiplex the optical signal together with 
other upstream optical signals. The multiplexed optical 
signal is then amplified by an optical amplifier/splitter 255 
within the hub 330 for transmission over two different fiber 
optic cables 345, 350. 

0014) The four receiver circuits 230, the summer 235, 
and the analog transmitter 240 comprise only a single 
reverse circuit of the hub reverse path circuitry. It will be 
appreciated that Seven other Such reverse circuits can be 
included in the hub 330 for connection to the DWDM 250, 
which multiplexes eight incoming Signals to provide a single 
output signal. As a result, the hub 330 can process reverse 
traffic from 32,000 homes. 
0.015 According to the analog system architecture of 
FIG. 2, two fiber optic cables 345, 350 are coupled to inputs 
of reverse circuitry included within headend equipment 360. 
The reverse path of the headend equipment 360 includes an 
optical Switch 270 for Switching between the received 
analog optical Signals, which are redundant, into a single 
signal that is coupled to the input of a one-to-eight DWDM 
275 that demultiplexes the optical Signal to generate eight 
optical outputs. Each of the eight output Signals is provided 
to a receiver 280 (only one of which is shown) for recov 
ering the RF signal and providing it at an output buss 310. 
The headend equipment 360 can, therefore, provide reverse 
signal traffic for up to 4,000 subscribers on each RF buss 
310. 

0016. The reverse path architecture of FIG. 2 processes 
reverse path traffic for up to 32,000 subscribers by trans 
mitting upstream Signals in an analog format. Each hub 
within Such architecture contains both forward and reverse 
circuitry associated with numerous optical nodes Served by 
that hub, and the hubs Serve as a collection point for return 
Signals from each node. 
0017 Physically, a cable television hub may be included 
within a dedicated building or, more typically, within a Small 
cabinet that may or may not be environmentally controlled 
and in which space is limited. Therefore, cable Service 
providers understandably desire to limit the amount of 
circuitry that must be included within a hub. 

0.018. An additional consideration is that cable television 
network reliability is of paramount importance, and increas 
ing the number of active components in a device increases 
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the likelihood of mechanical and electrical failure or mal 
function. This is even more of a problem in devices, Such as 
hubs, that may not be environmentally controlled, that Serve 
a large number of cable television Subscribers, and that may 
be located in physically distant regions. Security is also an 
issue, Since conventional hubs are distant from a central 
office and are often located in areas, Such as utility ease 
ments, that are easily accessible by Vandals. For all of these 
reasons, reduction of complex circuitry at remote locations, 
Such as within hubs and nodes of a cable television archi 
tecture, is desirable. 
0019. The analog architecture of FIG. 2 is less than ideal 
not only because of the amount of remotely located complex 
equipment in the reverse path, but also because the reverse 
transmissions occur in an analog environment. As a result, 
all of the problems that are associated with numerous analog 
transmissions over great distances (detailed in the Back 
ground of the Invention hereinabove) are present in the 
analog architecture of FIG. 2. Additionally, the architecture 
of FIG. 2 is bandwidth restrictive because approximately 
4,000 homes share a single buss at multiple locations within 
the reverse path architecture. These problems are mitigated 
in the reverse path cable television architecture shown in 
FIG 3. 

0020 FIG. 3 illustrates reverse path circuitry included in 
cable television nodes, hubs, and headend equipment of a 
cable television System in accordance with the present 
invention. As shown, an optical node 400 includes a reverse 
path circuit comprising four analog RF input ports 405 for 
receiving reverse transmissions from Subscriber equipment. 
The node 400 further includes two or more analog-to-digital 
(A/D) converters 410, each of which is coupled to two input 
ports 405 for receiving two RF signals which are combined 
(either inside or outside of the A/D converter 410) prior to 
digital conversion. In this manner, RF signals can be 
received by the node 400 from approximately 1,000 Sub 
Scribers. 

0021. Each A/D converter 410 converts the combined 
analog electrical Signals to a single digital electrical Signal 
that is provided to an input of an N-to-one time division 
multiplexer 415, where N can, for example, equal two (2). 
The multiplexer 415 interleaves the incoming digital elec 
trical signals, Such as by bits, bytes, or data packets, to 
provide a single digital bit Stream which is digitally optically 
transmitted by an optical transmitter 418, which can, for 
instance, transmit over a fiber optic cable 420 at 1550 nm. 
0022 Digital optical transmitters and receivers are dis 
closed in detail in commonly assigned U.S. patent applica 
tion Ser. No. 09/102,344 (Attorney's Docket No. A-4749) to 
Farhan et al., entitled “Digital Optical Transmitter” and filed 
on Jun. 22, 1998, the teachings of which are hereby incor 
porated by reference. 
0023 The digital optical signal is received by reverse 
path circuitry included in the hub 430 and routed directly to 
an input of an N-to-one DWDM 435, where N can be eight 
(8). When N=8, the DWDM 435 can also receive seven 
other digital optical signals from Seven other nodes So that 
the hub 430 is capable of processing reverse Signals from a 
total of 8,000 subscribers. The DWDM 435 multiplexes the 
Signals to generate a single digital optical output, which can 
optionally be split by a passive optical splitter 440 into two 
Signals, each of which is transported over a different fiber 
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optic cable 445, 450 for redundancy. Diversity within the 
System is not, however, necessary. 

0024. When redundancy is provided, the two fiber optic 
cables 445, 450 are coupled to reverse path inputs of 
headend equipment 460. The headend equipment 460 
includes an optical Switch 465 that Switches between the two 
received digital optical signals into a single digital optical 
signal that is coupled to the input of a one-to-N DWDM 470, 
where N can be equal to eight (8). When N=8, the DWDM 
470 demultiplexes the digital optical Signal to generate eight 
digital optical signals at its eight outputs. Each output of the 
DWDM 470 is coupled to a receiver 480 (only one of which 
is shown) for converting the digital optical signal to a digital 
electrical signal and then to a time division demultiplexer 
490 for splitting the electrical signal into two digital elec 
trical Signals that are equivalent to the two digital electrical 
Signals that were previously generated by the A/D converters 
410 of the node 400. Each demultiplexed signal is provided 
to a digital-to-analog (D/A) converter 500, which converts 
the digital electrical Signal to an analog electrical Signal for 
transmission over an RF buss 510, 515. 

0.025. It will be appreciated that the headend equipment 
460 can include a receiver, demultiplexer, and two D/A 
converters for each of the eight DWDM outputs and that, 
according to the circuitry depicted in FIG. 3, each RF output 
buss 510, 515 can provide reverse path transmissions from 
500 homes, or Subscribers. 

0026. It will be appreciated by one or ordinary skill in the 
art that the reverse path architecture of FIG. 3 can, accord 
ing to the present invention, be configured to use different 
numbers of elements and different types of elements without 
departing from the teachings herein. For example, the node 
400 could include different numbers of A/D converters 410, 
and the time division multiplexing need not be two-to-one. 
Additionally, the DWDMs 435, 470 could process various 
numbers of Signals, and diversity could be entirely lacking 
in the reverse path architecture between the hub 430 and the 
headend 460. Alternatively, a greater number of diverse 
paths could be employed, if desired. It will be further 
appreciated that variations within the reverse path architec 
ture of the present invention could dictate that the nodes 400, 
hubs 430, and headend equipment 460 process signals from 
a greater number or a lesser number of Subscriber homes 
without impacting the advantages of the reverse path archi 
tecture described herein. 

0027. In Summary, according to the present invention, a 
fiber link digital reverse architecture is employed in con 
junction with time division multiplexing to transport mul 
tiple reverse bands from an optical node through a simplified 
hub back to the headend equipment, and the hub can become 
totally passive in the reverse path. As a result, the hub is leSS 
likely to malfunction and its components can be physically 
arranged within a Smaller Space. The hub, consequently, can 
be mounted within a Smaller housing that could be aerially 
mounted So that it is less accessible, which decreases Secu 
rity concerns. It can be seen that the reverse path architecture 
of the present invention eliminates active reverse electronics 
in hub Sites and Significantly reduces the number of node 
transmitters and headend receivers. In the depicted embodi 
ments, the node transmitters and headend receivers are 
reduced by a factor of four when compared to the analog 
approach of FIG. 2. Still other advantages are that, since 
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reverse path Signals are not received, processed, and retrans 
mitted within the hub, the Signal quality is not unnecessarily 
degraded by Such processing and retransmission and, Since 
reverse signals from only 500 homes are processed on each 
reverse buSS, bandwidth is not unnecessarily restricted. 

What is claimed is: 
1. A cable television System for providing Signals, the 

cable television System comprising: 

forward and reverse paths, 
an optical node for receiving a reverse analog electrical 

Signal from Subscriber equipment and for generating 
therefrom a reverse digital optical Signal; 

a hub for multiplexing the reverse digital optical Signal 
with other reverse digital optical Signals from other 
nodes to generate one or more forwarded digital optical 
Signals at a hub output, wherein generation of the one 
or more forwarded digital optical Signals in the reverse 
path of the hub does not require active receivers and 
transmitters within the hub; and 

headend equipment coupled to the hub for receiving the 
one or more forwarded digital optical signals and for 
recovering therefrom the reverse analog electrical Sig 
nal provided to the optical node. 

2. The cable television system of claim 1, wherein the 
reverse path of the hub includes only passive devices. 

3. The cable television system of claim 2, further com 
prising: 

a fiber optic cable coupled between the optical node and 
the hub. 

4. The cable television system of claim 2, further com 
prising: 

one or more fiber optic cables coupled between the hub 
and the headend equipment. 

5. The cable television system of claim 2, wherein the 
reverse path of the optical node includes: 

an input port for receiving the reverse analog electrical 
Signal; 

analog-to-digital (A/D) converters coupled to the input 
port for converting the reverse analog electrical Signal 
into digital electrical Signals, 

a time division multiplexer coupled to the A/D converters 
for interleaving the digital electrical Signals to generate 
a digital bit Stream; and 

a digital optical transmitter for generating the reverse 
digital optical Signal in accordance with the digital bit 
Stream. 

6. The cable television system of claim 5, wherein the 
digital optical transmitter of the optical node transmits the 
reverse digital optical Signal at a wavelength of 1550 
nanometerS. 

7. The cable television system of claim 5, wherein the 
reverse path of the optical node includes two or more A/D 
COnVerterS. 

8. The cable television system of claim 2, wherein the 
reverse path of the hub includes: 



US 2003/0056227 A1 

a dense wave division multiplexer (DWDM) for receiving 
the reverse digital optical Signal and the other reverse 
digital optical Signals to generate a Single digital optical 
Signal; and 

an optical splitter coupled to the DWDM for splitting the 
Single digital optical Signal into the one or more for 
warded digital optical Signals. 

9. The cable television system of claim 2, wherein the 
headend equipment includes: 

an optical Switch for receiving the one or more forwarded 
digital optical Signals and generating therefrom a Single 
digital optical signal; 
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a DWDM for demultiplexing the single digital optical 
Signal to generate a plurality of digital optical Signals, 

a receiver coupled to the DWDM for recovering a digital 
electrical Signal from one of the plurality of digital 
optical Signals; 

a time division demultiplexer coupled to the receiver for 
demultiplexing the digital electrical Signal to generate 
demultiplexed signals, and 

digital-to-analog (D/A) converters coupled to the time 
division demultiplexer for converting the demulti 
plexed signals to the reverse analog electrical Signal. 

k k k k k 


