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POWER LINE COMMUNICATIONS DEVICE AND 
METHOD OF USE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of, and 
claims priority to, US. patent application Ser. No. 10/973, 
493 ?led Oct. 26, 2004, Which is incorporated herein by 
reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to data 
communications over a poWer distribution system and more 
particularly, to a poWer line communication system, device 
and method of using the same. 

BACKGROUND OF THE INVENTION 

[0003] Well-established poWer distribution systems exist 
throughout most of the United States, and other countries, 
Which provide poWer to customers via poWer lines. With 
some modi?cation, the infrastructure of the existing poWer 
distribution systems can be used to provide data communi 
cation in addition to poWer delivery, thereby forming a 
poWer line communication system (PLCS). In other Words, 
existing poWer lines, that already have been run to many 
homes and of?ces, can be used to carry data signals to and 
from the homes and of?ces. These data signals are commu 
nicated on and off the poWer lines at various points in the 
poWer line communication system, such as, for example, 
near homes, of?ces, Internet service providers, and the like. 

[0004] While the concept may sound simple, there are 
many challenges to overcome in order to use poWer lines for 
data communication. PoWer lines are not designed to pro 
vide high speed data communications, are susceptible to 
interference, and are very lossy at the frequencies used for 
data communications. Additionally, federal regulations limit 
the amount of radiated energy of a poWer line communica 
tion system, Which therefore limits the poWer of the data 
signal that can be injected onto poWer lines. 

[0005] PoWer distribution systems include numerous sec 
tions, Which transmit poWer at different voltages. The tran 
sition from one section to another typically is accomplished 
With a transformer. The sections of the poWer distribution 
system that are connected to the customers premises typi 
cally are loW voltage (LV) sections having a voltage betWeen 
100 volts (Vrms, 60 HZ, or “V”). and 240V, depending on the 
system. In the United States, the LV section typically is 
about 120V. The sections of the poWer distribution system 
that provide the poWer to the LV sections are referred to as 
the medium voltage (MV) sections. The voltage of the MV 
section is in the range of 1,000V to 100,000V. The transition 
from the MV section to the LV section of the poWer 
distribution system typically is accomplished With a distri 
bution transformer, Which converts the higher voltage of the 
MV section to the loWer voltage of the LV section. 

[0006] PoWer system transformers are one obstacle to 
using poWer distribution lines for data communication. 
Transformers act as a loW-pass ?lter, passing the loW fre 
quency signals (e.g., the 50 or 60 HZ) poWer signals and 
impeding the high frequency signals (e.g., frequencies typi 
cally used for data communication). As such, poWer line 
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communication systems face the challenge of communicat 
ing the data signals around, or through, the distribution 
transformers. 

[0007] Furthermore, up to ten (and sometimes more) cus 
tomer premises Will typically receive poWer from one dis 
tribution transformer via their respective LV poWer lines. 
HoWever, all of the customer premises LV poWer lines 
typically are electrically connected at the transformer. Con 
sequently, a poWer line communications system must be able 
to tolerate the interference produced by many customers. In 
addition, the poWer line communication system should 
provide bus arbitration and router functions for numerous 
customers Who share a LV subnet (i.e., the customer pre 
mises LV poWer lines that are all electrically connected to 
the LV poWer line extending from the LV side of the 
transformer) and a MV poWer line. 

[0008] In addition, components of the poWer line commu 
nication system, such as the distribution transformer bypass 
device (PLB), must electrically isolate the MV poWer signal 
from the LV poWer lines and the customer premises. Fur 
thermore, a communication device of the system should be 
designed to facilitate bidirectional communication and to be 
installed Without disrupting poWer to customers. These and 
other advantages are provided by various embodiments of 
the present invention. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a method of pro 
viding communications over a medium voltage poWer line 
having a plurality of segments. In one embodiment, the 
method comprises the steps of determining a ?rst ampli? 
cation for data signals, receiving a ?rst data signal from a 
?rst segment of the poWer line, amplifying said ?rst data 
signal via the ?rst ampli?cation, coupling the ampli?ed ?rst 
data signal to a second segment of the poWer line With a ?rst 
ampli?cation poWer, receiving user data; and transmitting 
the user data over the second segment of the poWer line With 
a transmission poWer substantially the same as the ?rst 
ampli?cation poWer. In addition, the step of determining 
may comprises receiving a signal from the ?rst segment of 
the poWer line, determining a target ampli?cation based on 
the received signal, determining a maximum ampli?cation; 
and Wherein said ?rst ampli?cation is substantially equal to 
the lesser of the target ampli?cation and the maximum 
ampli?cation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The invention is further described in the detailed 
description that folloWs, by reference to the noted draWings 
by Way of non-limiting illustrative embodiments of the 
invention, in Which like reference numerals represent similar 
parts throughout the draWings. As should be understood, 
hoWever, the invention is not limited to the precise arrange 
ments and instrumentalities shoWn. In the draWings: 

[0011] FIG. 1 is a diagram of an exemplary poWer distri 
bution system With Which the present invention may be 
employed; 
[0012] FIG. 2 is a diagram of the exemplary poWer dis 
tribution system of FIG. 1 modi?ed to operate as a poWer 
line communication system, in accordance With an embodi 
ment of the present invention; 
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[0013] FIG. 3 is a schematic of a power line communica 
tion system in accordance With an embodiment of the 
present invention; 

[0014] FIG. 4 is a block diagram of an example PLCS, in 
accordance With an embodiment of the present invention; 

[0015] FIG. 5 is a block diagram of a portion of an 
example PLCS, in accordance With an embodiment of the 
present invention; 

[0016] FIG. 6 is a block diagram of a portion of an 
example PLCS, in accordance With an embodiment of the 
present invention; 

[0017] FIG. 7 is a block diagram of another example 
PLCS, in accordance With an embodiment of the present 
invention; 
[0018] FIG. 8 is a block diagram of still another example 
PLCS, in accordance With an embodiment of the present 
invention; 
[0019] FIG. 9 is a block diagram of a portion of an 
example PLCS, in accordance With an embodiment of the 
present invention; 

[0020] FIG. 10 is a block diagram of an example optical 
termination point, in accordance With an embodiment of the 
present invention; 

[0021] FIG. 11 is a block diagram of another example 
optical termination point, in accordance With an embodi 
ment of the present invention; 

[0022] FIG. 12A is a block diagram of a portion of an 
example PLB, in accordance With an embodiment of the 
present invention; 

[0023] FIG. 12B is a How chart ofan example poWer line 
communication procedure, in accordance With an embodi 
ment of the present invention; 

[0024] FIG. 13 is a block diagram of a portion of an 
example PLB, in accordance With an embodiment of the 
present invention; and 

[0025] FIGS. 14a-c are functional block diagrams of a 
portion of a PLB, in accordance With various embodiments 
of the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0026] In the folloWing description, for purposes of expla 
nation and not limitation, speci?c details are set forth, such 
as particular netWorks, communication systems, computers, 
terminals, devices, components, techniques, data and net 
Work protocols, softWare products and systems, operating 
systems, development interfaces, hardWare, etc. in order to 
provide a thorough understanding of the present invention. 

[0027] HoWever, it Will be apparent to one skilled in the art 
that the present invention may be practiced in other embodi 
ments that depart from these speci?c details. Detailed 
descriptions of Well-known netWorks, communication sys 
tems, computers, terminals, devices, components, tech 
niques, data and netWork protocols, softWare products and 
systems, operating systems, development interfaces, and 
hardWare are omitted so as not to obscure the description of 
the present invention. 
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System Architecture and General Design Concepts 

[0028] PoWer distribution systems typically include com 
ponents for poWer generation, poWer transmission, and 
poWer delivery. A transmission substation typically is used 
to increase the voltage from the poWer generation source to 
high voltage (HV) levels for long distance transmission on 
HV transmission lines to a substation. Typical voltages 
found on HV transmission lines range from 69 kilovolts 
(kV) to in excess of 800 kV. 

[0029] As shoWn in FIG. 1, in addition to HV transmission 
lines, poWer distribution systems include MV poWer lines 
and LV poWer lines. As discussed, MV typically ranges from 
about 1000 V to about 100 kV and LV typically ranges from 
about 100 V to about 600 V. Transformers are used to 
convert betWeen the respective voltage portions, e.g., 
betWeen the HV section and the MV section and betWeen the 
MV section and the LV section. Transformers have a pri 
mary side for connection to a ?rst voltage (e.g., the MV 
section) and a secondary side for outputting another (usually 
loWer) voltage (e.g., the LV section). Such transformers are 
often referred to as distribution transformers or a step doWn 
transformers, because they “step doWn” the voltage to some 
loWer voltage. Transformers, therefore, provide voltage con 
version for the poWer distribution system. Thus, poWer is 
carried from substation transformer to a distribution trans 
former over one or more MV poWer lines. PoWer is carried 
from the distribution transformer to the customer premises 
via one or more LV poWer lines. 

[0030] In addition, a distribution transformer (DT) may 
function to distribute one, tWo, three, or more phase voltages 
to the customer premises, depending upon the demands of 
the user. In the United States, for example, these local 
distribution transformers typically feed anyWhere from one 
to ten homes, depending upon the concentration of the 
customer premises in a particular area. Distribution trans 
formers may be pole-top transformers located on a utility 
pole, pad-mounted transformers located on the ground, or 
transformers located under ground level. 

[0031] FIG. 1 discloses a representative underground resi 
dential distribution (U RD) system comprising a high voltage 
(HV) poWer line that is connected to a plurality of high 
voltage transformers (HVT) that steps doWn the high voltage 
to medium voltage. 

[0032] The HVT steps doWn the high voltage to medium 
voltage for distribution on the medium voltage (MV) poWer 
lines Which are connected to one or more distribution 

transformers (DTs). Each DT further steps doWn the medium 
voltage to loW voltage (LV) and typically is connected to one 
or more LV poWer lines, each of Which may extend to a 
separate customer premises (not shoWn in FIG. 1). 

[0033] The URD netWork of FIG. 1 includes tWo types of 
topographies. The ?rst type is commonly referred to as a ring 
or “U” topology as represented by netWorks 1 and 2. The 
ring netWork may be U shaped With each leg of the U being 
connected to a HVT. In addition, the ring netWork may 
include a sWitch SW that connects both sides of the ring 
together (as in netWork 1). Consequently, should either HVT 
fail (or a break in the MV poWer line occur) the sWitch may 
be closed so that the entire MV netWork receives poWer. 
Other such netWorks may not include a sWitch (as in netWork 

2). 


















































