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(57) ABSTRACT 

A communication system includes a transmitter con?gured 
to pulse shape a GHM signal to con?ne the frequency 
spectrum of the GHM signal Within a prede?ned frequency 
range. A receiver is also included that receives the transmit 
ted GHM signal. The receiver includes a processor for 
maximizing the GHM signal to noise ratio and minimizing 
the bit error rate. The GHM signals are also synchronized to 
establish a relative time for correct interpretation of bit 
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GEOMETRIC HARMONIC MODULATION 
SIGNALING AND DETECTION 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to a com 
munication system and, more particularly, to a communica 
tion system for communicating information via a poWer 
distribution netWork. 

[0002] Geometric harmonic modulation (GHM) allocates 
signaling energy into lobes, tones or different evenly spaced 
frequencies. The GHM tones have frequencies that are 
midWay betWeen a pair of adjacent poWer line harmonic 
frequencies. With the GHM tones midWay betWeen the 
harmonic frequencies, the harmonic center frequencies coin 
cide With ?rst nulls of the GHM tones and vice versa. 

[0003] Typically, a fast Fourier transform (FFT) is used to 
channeliZe a received GHM signal into frequency bands 
With a 30 hertZ (HZ) spacing. This bin spacing is obtained 
using a 1024 bin FFT With sampling rate of about 30720 HZ. 
The objective is to separate the GHM signal from the 
harmonics of 60 HZ that are present in the poWer line. By 
using a bin spacing of 30 HZ, these harmonics can theoreti 
cally be eliminated by discarding every other bin of the FFT. 
At the same time, the GHM carriers are selected to be 
mid-Way betWeen the harmonics of 60 HZ so that the 
harmonics can be removed and the GHM signal Will remain. 
Also, the data rate is chosen to be 30 HZ so that each 
modulated GHM carrier can be represented by a signal bin 
of the FFT. 

[0004] HoWever, each bin of the FFT does not have an 
ideal bypass frequency response. Rather, an ideal bypass 
frequency can have a 

[0005] response With nulls occurring at the other bin 
centers. Consequently, if the harmonics of the poWer line 
signal are eXactly at multiples of 60 HZ and the sampling 
frequency is eXactly 30720 HZ, the harmonics Will have no 
effect on the frequency bins in Which the GHM signal is 
located. HoWever, in practice, noise and frequency varia 
tions on the poWer line prevent maintaining an ideally 
perfect frequency lock. 

BRIEF SUMMARY OF THE INVENTION 

[0006] In one eXemplary embodiment of the present 
invention, a communication system comprises a transmitter 
that is con?gured to transmit a GHM signal. The transmitter 
is con?gured to pulse shape the GHM signal to con?ne the 
frequency spectrum of the GHM signal to Within a pre 
de?ned frequency range. Areceiver is provided that receives 
the transmitted GHM signal. In another representative 
embodiment, the transmitter includes a root raised cosine 
?lter that pulse shapes the GHM signal transmissions to 
have the same frequency response as a matched ?lter in the 
receiver. In even another representative embodiment of the 
present invention, the receiver comprises a processor that 
maXimiZes the signal to noise ratio and minimiZes the bit 
error rate. The processor is con?gured to estimate the 
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amplitude distortion resulting from transmission of the 
GHM signal on via a poWer line distribution system. 

[0007] In yet another representative embodiment of the 
present invention, a method is provided for synchroniZation 
of GHM signals to establish relative times for the correct 
interpretation of bit positions. The method comprises the 
steps of transmitting signals from a transmitter to a receiver 
that is coupled to a poWer line. The signals are synchroniZed 
to establish a relative time for correct interpretation of the bit 
positions. A data frame is generated including a preamble 
con?gured With a Barker sequence. The data frame is 
transmitted from the transmitter to a poWer line. The 
receiver receives the transmitted data frame. The presence of 
the Barker sequence is detected in the transmitted data 
frame. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is block diagram of one representative 
embodiment of a transmitter; 

[0009] FIG. 2 is a block diagram of one representative 
embodiment of a receiver; 

[0010] FIG. 3 is a block diagram of one representative 
embodiment of a ?nite impulse response (FIR) ?lter using a 
polyphase implementation; and 

[0011] FIG. 4 is a block diagram of another representative 
embodiment of a receiver using a bank for FIR ?lters. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] As shoWn in FIG. 1, a GHM communication 
system 70 includes a GHM transmitter 10 that is connected 
to a poWer line 11. In the transmitter 10, GHM carrier signals 
are synthesiZed together to form a single signal that has eight 
(8) carrier frequencies. The GHM carrier signals are syn 
thesiZed using a processing unit 12, such as, for eXample, a 
general purpose computer, a microprocessor, a Waveform 
creation device or a digital signal processor. The processing 
unit 12 is connected to a sampler 14 that samples the 
synthesiZed signal. A storage device 16 is connected to the 
sampler 14 and the processing unit 12, and the storage 
device 16 stores the sampled signals received from the 
sampler 14. In one embodiment, the storage device 16 
comprises, for eXample, a non-volatile memory, a random 
access memory (RAM), a read-only memory (ROM), an 
erasable, programmable read-only memory (EPROM) or an 
electronic, erasable, programmable read-only memory 
(EEPROM). The GHM carrier signals are synthesiZed, 
sampled and stored before transmission using the poWer line 
11. 

[0013] A transient protection device 18 is connected to the 
poWer line 11 and a timing controller 20, and in one 
embodiment, the transient protection device 18 is connected 
in parallel across a distribution transformer (not shoWn). The 
transient protection device 18 limits poWer surges in order to 
protect equipment connected doWn line. In operation, the 
transient protection device 18 applies the poWer line voltage 
to the timing controller 20 that obtains timing information 
from the poWer line frequency to maintain a real time clock. 
In one embodiment, the poWer line frequency comprises a 
fundamental 60 HZ poWer line frequency. Aplayback device 
22 is connected to the timing controller 20 and the storage 
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device 16. At a predetermined time, the playback device 22 
reads the samples from the storage device 16 at a rate 
synchronous With the poWer line voltage, for example, 60 
HZ. In one embodiment, a system operator selects the 
predetermined time. A multiplier 24 is connected to timing 
controller 20 and the playback device 24 and multiplies the 
Waveform created by the playback device 22 by a single bit 
(i.e., b1, b2, b3, . . . ) during each single bit period. The bit 
sequence from the playback device 22 is modi?ed prior to 
transmission by the multiplier 24 by a change in bit values 
from a ones (1) and Zeros (0) to a series of one (1) and 
negative one (—1) values. When the Waveform from the 
playback device 22 is provided to the multiplier, a one (1) bit 
value Will not change the Waveform for a bit period, but a 
negative one (—1) bit value Will invert the Waveform. In one 
embodiment, a data source (not shoWn) supplies a series of 
bit (a1, a2, a3, . . . an) to a level shifter (not shoWn) that shifts 
the level of the supplied bits to a series of shifted bits (b1, 
b2, b3, . . . bn). The shifted bits (b1, b2, b3, . . . bn) are 
supplied to the multiplier 24. 

[0014] A summer 26 is connected to the poWer line 11 and 
the multiplier 24. The GHM modulated signal from the 
multiplier 24 is summed With the poWer signal from the 
poWer line 11 at summer 26, and the GHM modulated signal 
is transmitted over the poWer line 11 to a receiver 28 (FIG. 
2). In one embodiment, the summer 26 comprises a current 
transformer that imposes the modulated GHM signal on the 
poWer line 11. 

[0015] In FIG. 2, the GHM communication system 70 
also includes a GHM receiver 28 that is connected to the 
poWer line 11 via a transient protection device 30 that limits 
poWer surges to protect equipment doWn line. The transient 
protection device 30 is connected to a timing controller 32 
and a bandpass ?lter 34. The timing controller 32 monitors 
the poWer line voltage using signal r(t) passed from the 
transient protection device 30 to determine the poWer line 
frequency. In one embodiment, the poWer line frequency 
comprises a fundamental 60 HZ poWer line frequency. The 
timing controller 32 is also connected to and supplies a 
timing signal to a sampler 36, a quantiZer 38, an averager 44, 
a combiner 46, a signal to noise (S/N) estimator 42 and a fast 
Fourier transform (FFT) module 40. The bandpass ?lter 34 
removes noise from signal r(t) to produce signal It 
should be appreciated that in one embodiment the bandpass 
?lter 34, sampler 36, quantiZer 38, timing controller 32, FFT 
module 40, S/N estimator 42, averager 44, combiner 46 and 
decoder 48 comprise a receiver processor 65. 

[0016] As disclosed above, the sampler 36 is clocked by 
the timing controller 32, the sampler 36 connected to the 
bandpass ?lter 34 to continuously sample signal x9t) to 
produce a series of discrete time samples The 
sampler is connected to the quantiZer 38 that receives the 
discrete samples {x(n)}, and the quantiZer 38 reduces the 
precision of the sample to a set of 2B values Where B is the 
number of bit allocated per sample. 

[0017] The quantiZer 38 is connected to the FFT module 
40 that receives the quantiZed samples and deter 
mines the inverse Fourier transform coef?cients for 
signal The FFT module 40 is connected to a S/N 

estimator 42 that receives the Fourier coef?cients and determines an estimated signal to noise (S/N) ratio for 

each of the Fourier coef?cients The S/N estimator 
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42 is connected to the averager 44 and the combiner 46. The 
averager 44 generates an averaged estimate of the S/N ratio 
by averaging the S/N ratios determined by the S/N estimator 
42 over a predetermined number of symbols in a particular 
message or data packet. The combiner 46 receives the 
averaged S/N ratio and the Fourier coef?cients and provides 
a Weighting factor to the Fourier coef?cients based upon the 
S/N ratio estimate for the frequency band. In one embodi 
ment, the Weighting is performed using, for example a 
thresholding technique by eliminating coef?cients Which do 
not meet a predetermined threshold. In another embodiment, 
other conventional Weighting techniques can be utiliZed. A 
decoder 48 is connected to the combiner 46 and the Weighted 
Fourier coef?cients X‘k are passed directly to the decoder 48 
that recovers the message or data packet bits from the GHM 
signal. 

[0018] Since the transmitted GHM carrier signal has a 

[0019] frequency spectrum, the GHM receiver 28 com 
prises a matched ?lter receiver and provides optimal per 
formance in additive White Gaussian noise (AWGN). Con 
sequently, if the GHM receiver 28 is modi?ed, the 
transmitted GHM carrier signal should also be modi?ed to 
avoid or mitigate detection losses. 

[0020] In another embodiment, pulse shaping is used in 
the GHM transmitter 10 to con?ne the frequency spectrum 
of the transmitted GHM signal. In a representative embodi 
ment, a root raise cosine ?lter is used to pulse shape the 
transmitted GHM signal and the same frequency response is 
used as the matched ?lter in the GHM receiver 28. In another 
representative embodiment, a cascade of tWo ?lters pro 
duces an output Waveform With no intersymbol interference 
(ISI), and the output has the same bit-error-rate (BER) 
performance as non-pulse shaped transmissions in AWGN. 
In even another representative embodiment, the transmitted 
GHM carrier signals are pulse shaped and the root cosine 
receiver ?lters are implemented using a modulated ?lter 
bank structure. 

[0021] In one embodiment, a bank of bypass ?lters is 
formed from a loWpass ?lter With a root-raised-cosine 
frequency response by modulating the coef?cients (i.e., the 
impulse response) by a complex exponential ejz?fit Where fi 
is the center frequency of the particular bandpass ?lter. 

[0022] In FIG. 3, a ?nite impulse response (FIR) ?lter 
bank 50 has tap Weights (h1, h2, h3, . . . hll). In one 
embodiment, the FIR ?lter bank 50 is a loW pass polyphase 
?lter bank. Polyphase structures are knoWn in the signal 
processing art for ef?cient realiZation of ?lter banks. In one 
embodiment, the bandWidth of the FIR ?lter bank 50 is 
loWer than the sampling rate such that the ?lter output can 
be decimated by a factor of four (4) Without introducing 
aliasing. As such, rather than a signal tWelfth (12th) order 
?lter, the FIR ?lter bank 50 has four (4) third (3rd) order 
?lters 52, 54, 56 and 58. The input samples (x1, x2, x3 and 
x4) are sequentially supplied to the 3rd order ?lters 52, 54, 56 
and 58 via a commutator 60 introduces the decimation by 
four In one embodiment, the commutator 60 comprises 
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as serial to parallel converter. The outputs of the 3rd order 
?lters 52, 54, 56 and 58 are connected to and processed by 
a processor 62 using a four point fast Fourier transform 
(FFT). From the processor 62, four (4) outputs (Band 1, 
Band 2, Band 3 and Band 4) are generated. The output of the 
FIR ?lter bank 50 is the same as every 4th output sample of 
the original ?lter. It should be appreciated that the FIR ?lter 
bank 50 can be included in transmitter 10 (FIG. 1) such that 
the GHM carrier signals are signal processed before trans 
mission on the poWer line 11 (FIG. 1). In addition, it should 
also be appreciated that the FIR ?lter bank 50 can also be 
included in the receiver 28 (FIG. 2) such that the GHM 
signals receiver from the poWer line 11 can be ?lter into a 
frequency spectrum that is has a predetermined frequency 
range that is substantially similar to the predetermined 
frequency range of used by the transmitter 10 (FIG. 1). 

[0023] As shoWn in FIG. 4, another embodiment of a 
GHM receiver 100 comprises a serial-to-parallel converter 
102 that receives a pulse shaped signal transmitted using a 
GHM transmitter 10 (FIG. 1) via a poWer line 11 (FIG. 1). 
The serial-to-parallel converter 102 is connected to a FIR 
?lter bank 104. In one embodiment, the FIR ?lter bank 104 
comprises loW pass ?lters. In another embodiment, the FIR 
?lter bank 104 comprises loW pass ?lters that are root raised 
cosine ?lters, and the root raised cosine ?lters improve the 
spectral isolation betWeen the bins. Typically, each bin 
collects four (4) 1024 samples, and in one embodiment 
Where a root cosine ?lter is used, each bin collects 8 data bits 
for a total length of 8192 tap ?lters. It should be appreciated 
that the converters 102, the FIR ?lter bank 104 and FFT 
module 106 can be used in the receiver 28 (FIG. 2). In this 
embodiment, the converter 102 and the FIR ?lter bank 104 
can be substituted for the ?lter 24 of FIG. 2, and the FFT 
module 106 can be substituted for the FFT module 40 of 
FIG. 2. 

[0024] The converter 102 converts the received GHM 
signal into 1024 parallel outputs that are supplied to the FIR 
?lter bank 104 that ?lters the 1024 parallel outputs. The FIR 
?lter bank 104 is connected to a FFT module 106 that 
employs a 1024 point FFT to transform the ?ltered outputs. 

[0025] In another embodiment, lost performance that 
results from differentially decoding GHM signals at the 
GHM receiver 28 can be recovered. In particular, the 
received GHM signal from the GHM transmitter 10 can be 
expressed a an N=1024 point vector: 

[0026] Where s, ck and nk are all N-vectors representing the 
GHM signal components, the harmonic clutter components 
and the noise components, respectively. As such, the GHM 
signal can be characteriZed as: 

[0027] Where bk assumes the values +1 and —1. The 
symbol bk represents the information but in the k-th symbol 
interval. The symbol qrn represents the m-th DFT basis 
vector of dimension N=1024. The symbol 0 represents the 
vector of initial phase of the GHM components With m-th 
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component 0m and Im is the indicator function Which is Zero 
in case the m-th DFT bin does not represent a GHM tone and 
unity in case it does not represent a GHM tone. The 
complex-valued vector g represents the distortion of the 
GHM components by the channel. The amplitude of the 
component otm represents frequency selective fading for the 
m-th DFT frequency While it phase represents phase distor 
tion (either a gross delay or a nonlinear phase response). The 
n-th DFT coef?cient of the received Waveform is: 

[0028] using Dirac notation for the inner product: <a,b>= 
bHa. When the line frequency is exactly 60 HZ then Im<ck, 
q>=0, since ck is the sum of qV corresponding to non-GHM 
components and is the orthogonal complement of the GHM 
signal space. 

[0029] When the effect of the channel, as modeled by the 
vector g, is knoWn, a detection statistic is formed by 
summing the phase-corrected and the amplitude-corrected 
DFT coefficients: 

1v 1 (4) 

— "1:0 

n is in GHM components 

[0030] Where Nk)n represents the noise in the n-th DFT bin 
during the k-th signal interval. Weighting the components of 
the sum by of is referred to as maximal ratio combining, 
and it is knoWn to maximiZe the signal to noise ratio (SNR) 
of the statistic. The ?rst line in Equation 4, shoWn above, is 
an inner product betWeen the initial-phase-corrected GHM 
DFT coef?cients of the received Waveform and a frequency 
domain model of the distorted transmitted GHM Waveform. 
The inner product implements a matched-?lter correlation 
receiver in the frequency domain. The noise poWer in each 
of the DFT bins does not depend upon the amplitudes of otm 
values but is the same for each bin. The noise in the detector 
is Weighted by the otm values. 

[0031] Since the detection statistic of Equation 4 (shoWn 
above) maximiZes the SNR, it Will also minimiZe bit error 
rate, Which is a function of SNR. The implementation of a 
GHM receiver 28 to maximiZe the SNR in accordance With 
Equation 4 uses a S/N estimator 42 that estimates both the 
amplitude and the phase distortion imparted by the channel. 
An estimation of the phase distortion using differential 
signaling results in a very high bit error probability. An 
estimation of the otm values can be performed if a sequence 
of symbols in the transmitted bits, such as a training 
sequence or packet header, is knoWn. The estimation of the 
otm values can be determined by averaging the GHM DFT 
coef?cients of the observed symbols, correcting for initial 
phase and the polarity of the transmitted bits and obtaining 
a frequency domain model of the transmitted signaling 
Waveform as modi?ed by the channel distortion. Thus, given 
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bk for k=1,M, for the n-th DFT coef?cient, corresponding to 
one of the GHM tones, an estimation ak of otk can be 
expressed as: 

1 (5) 

[0032] Where Gk(n) is the n-th DFT coefficient during the 
k-th bit period. Equation (5) represents a time average of the 
phase-corrected DFT coef?cients. 

[0033] In an embodiment Where no training sequence is 
available or if the training sequence has been used, a 
decision-directed adaptation can be use a current signal 
model to demodulate the current input Waveform, and the 
result of the demodulation as the value of bk to adjust the 
signal model. In either case, the time constraints of the 
adaptive algorithm can be selected based upon hoW rapidly 
the channel characteristics vary. The approach shoWn in 
Equation 5 represents a frequency domain approach. In 
another embodiment, a time domain method can be used 
Where a projection operation is the time domain yields an 
observed signal With the clutter ?ltered out. In addition, the 
noise in the orthogonal complement of the signal space can 
also be used. It Will be appreciated that the frequency 
domain approach requires feWer multiplications. 

[0034] In another embodiment, the GHM signals are syn 
chroniZed to establish relative times for the correct inter 
pretation of bit positions. Typically, synchroniZation algo 
rithms consume overhead and are costly even if the 
synchroniZation algorithms use small percentage of the 
GHM channel capacity. AsynchroniZation algorithm should 
provide acceptable results With regard to false synchroniZa 
tion (Type I error) and missed synchroniZation (Type II 
error). The probability of missed synchroniZation can be 
characteriZed as: 

Pmisse synch=pmissed synch|synch a?empted-Psynch a?empted' (6) 

[0035] Analytical attention is usually focused on the pmissed 
synthtyttth attempted portion of the equation for conditional probabil 
ity. The probability of false synchroniZation is more subtle 
than missed synchroniZation. In one embodiment, the prob 
ability of success or failure of declaring a synchroniZation 
attempt at any particular epoch candidate can be determined. 
This approach does not identify hoW many epochs that need 
to be tested. To determine the number of epochs, measures 
of time (e.g., mean time to false synchroniZation or number 
of false synchroniZations per year) are used. In addition, the 
signaling rate and consumer requirements can also be fac 
tored into the synchroniZation. 

[0036] In one embodiment shoWn in FIG. 5, data transport 
can be achieved through the use of a data frame 150. The 
preamble ?eld 152 is used for synchroniZation. Typically, 
the preamble ?eld 152 contains an N-bit sequence that has 
special properties relating to autocorrelation. The data ?led 
154 has a ?Xed or knoWn length, D-bits. The error check 
?eld 156 contains a cyclical redundancy code (CRC). The 
properties of the CRD are related to the length. In one 
embodiment, it is assumed that the CRC is computed over 
the data ?eld 154 and detects an error in the data ?eld 154 
With a probability of 1-2'B Where B represents the number 
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of bits allocated to the CRC. In another embodiment, the 
CRC can be vieWed as passing a data frame 150 in error With 

a TB probability. 

[0037] The overhead consumed by the data frame 150 is 

[0038] The protocol that accompanies the data frame 150 
alloWs a retransmission of the data frame 150 if the CRC 
indicates a transmission error. It should be appreciated that 
increasing the number of bits D in an attempt to reduce the 
overhead Will increase the probability that a data frame 150 
Will have an error. The increased probability of an error by 
increasing the number of bits can have a detrimental effect 
if the data frame 150 must be retransmitted. 

[0039] In another embodiment, a Barker sequence is sued 
in the preamble ?eld 152 and the GHM receiver 28 (FIG. 2) 
can search for the Barker sequence. Speci?cally, each tone 
(i) that has a complex Fourier coefficient at discreet time (t) 
can be represented by X1(t)=Xi(t)+jy1(t) and S1(t) can be 
represented by: 

N41 (7) 

Stu) = Z bN?-XAF j) 
j:0 

[0040] Where X(t) is represented by: 

. N41 (8) 

Km = Xt<r— 1') 
1:0 

[0041] and Where o12(t) is represented by: 

(9) 

[0042] The division by N-l is to debias the estimator of 
2 

O1 

[0043] The statistic pi(t) is an easily computed and appro 
priate quantity for use in detecting the presence of the Barker 
sequence When aligned for maXimum autocorrelation. Spe 
ci?cally, p1(t) can be referred to as: 

PM) 
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[0044] To incorporate information for all the times, the 
individual {pi(t)} are combined into the statistic P(t) repre 
sented by: 

N (11) 
P(t) = 2pm) 

[:1 

[0045] The statistic pi(t) is a measure of signal to noise in 
a tone. In addition, statistic p1(t) is the ratio of the mean 
square of the constellation spread to mean square constel 
lation distance from Zero. Also, statistic pi(t) is independent 
of frequency selective phase rotation if the phase rotation is 
considered as invariant over N consecutive symbols. There 
fore, the statistic p1(t) achieves a highly desirable signal to 
noise ratio by maXimal ratio combing in additive White 
Gaussian noise (AWGN). 

[0046] In one embodiment, the synchroniZation can be 
adapted for non-AWGN interference modality by simply 
modifying the algorithm With a simple indicator function 
I(j,k) that eXcludes a sign bit from consideration in an 
attempt in an attempt to keep an impulse from corrupting the 
synchroniZation search. The indicator can be represented by: 

[0047] The indicator can be used to modify the calculation 
of the previously introduced quantities. For eXample, the 
mean X1(t) can be represented by: 

[0048] or k=0, 1, . . . N-1. The indicator alloWs the number 

of tests to be eXpanded by N and the Type I/Type II error 
thresholds can be adjusted accordingly. 

[0049] The foregoing discussion of the invention has been 
presented for purposes of illustration and description. Fur 
ther, the description is not intended to limit the invention to 
the form disclosed herein. Consequently, variations and 
modi?cations commensurate With the above teachings and 
With the skill and knoWledge of the relevant art are Within 
the scope of the present invention. The embodiment 
described herein above is further intended to eXplain the best 
mode presently knoWn of practicing the invention and to 
enable others skilled in the art to utiliZe the invention as 

such, or in other embodiments, and With the various modi 
?cations required by their particular application or uses of 
the invention. It is intended that the appended claims be 
construed to include alternative embodiments to the eXtent 

permitted by the prior art. 
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What is claimed is: 
1. A GHM communication system for communicating via 

a poWer line, the GHM communication system comprising: 

a GHM transmitter connected to the poWer line for 
transmitting a GHM signal via the poWer line, said 
GHM transmitter comprising: 

at least one transmitter ?lter connected to the poWer 
line for pulse shaping the GHM signal before trans 
mission Wherein the pulse shaped GHM signal is 
con?ned to a frequency spectrum having a predeter 
mined frequency range; 

a GHM receiver connected to the poWer line for receiving 
the transmitted GHM signal from the poWer line, said 
GHM receiver comprising: 

at least one receiver ?lter connected to the poWer line 
for ?ltering the transmitted GHM signal into a fre 
quency spectrum substantially similar to said prede 
termined frequency range. 

2. The GHM communication system of claim 1 Wherein 
the at least one transmitter ?lter comprises a root based 
cosine ?lter and the at least one receiver ?lter comprises a 
root based cosine ?lter. 

3. The GHM communication system of claim 1 Wherein 
the GHM receiver further comprises: 

a serial-to-parallel converter connected to the poWer line 
for converting the transmitted GHM signal into a 
plurality of outputs, Wherein the at least one receiver 
?lter comprises a receiver ?lter bank and the plurality 
of outputs being connected to the receiver ?lter bank 
that ?lters the plurality of outputs and provides the 
plurality of outputs to a receiver ?lter bank output; and 

a FFT unit connected the receiver ?lter bank for trans 
forming the transmitted GHM signal received from the 
receiver ?lter bank output. 

4. The GHM communication system of claim 3 Wherein 
the receiver ?lter bank comprises a plurality of FIR ?lters. 

5. The GHM communication system of claim 4 Wherein 
each of the plurality of FIR ?lters comprises an 8-tap ?lter. 

6. The GHM communication system of claim 3 Wherein 
said FFT unit comprises a 1024 point FFT algorithm. 

7. The GHM communication system of claim 1 Wherein 
said predetermined frequency range comprises about 30 HZ. 

8. A GHM communication system for communicating via 
a poWer line, the GHM communication system comprising: 

a GHM transmitter connected to the poWer line for 
transmitting a GHM signal via the poWer line, the 
GHM transmitter comprising: 

a processing unit connected to the poWer line for 
synthesiZing a plurality of carrier frequencies to form 
the GHM signal; and 

a transmission ?lter bank connected to the processing 
unit for pulse shaping the GHM signal before trans 
mission Wherein the pulse shaped GHM signal is 
con?ned to a frequency spectrum having a predeter 
mined frequency range; 

a GHM receiver connected to the poWer line for receiving 
the transmitted GHM signal, the GHM receiver com 
prising: 
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a serial to parallel converter connected to the power 
line for converting the transmitted GHM signal into 
a plurality of outputs; 

a receiver ?lter bank connected to the plurality of 
outputs of the serial to parallel converter for ?ltering 
the plurality of outputs into a frequency spectrum 
substantially similar to said predetermined frequency 
range and the receiver ?lter bank for providing the 
plurality of outputs to a receiver ?lter bank output; 

an FFT unit connected to a receiver ?lter bank output 
for transforming the transmitted GHM signal 
received from the receiver ?lter bank output. 

9. The GHM communication system of claim 7 Wherein 
said predetermined frequency range comprises about 30 HZ. 

10. The GHM communication system of claim 7 further 
comprising a ?rst transient protection device connected 
betWeen the poWer line and the GHM transmitter and a 
second transient protection device connected betWeen the 
poWer line and the GHM receiver. 

11. A GHM communication system for communicating 
via a poWer line, the GHM communication system compris 
mg: 

a GHM transmitter connected to the poWer line for 
transmitting a GHM signal over the poWer line, the 
GHM transmitter comprising: 

a signal generator connected to the poWer line for 
generating the GHM signal, the GHM signal com 
prises a data frame including a preamble portion 
Wherein the preamble portion comprises a Barker 
sequence; 

a GHM receiver connected to the poWer line for receiving 
the transmitted GHM signal transmitted over the poWer 
line, the GHM receiver comprising: 

a processor connected to the poWer line and receiving 
the transmitted GHM signal, the processor detecting 
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the presence of the Barker sequence and estimating 
a channel distortion of the transmitted GHM signal 
using the Barker sequence. 

12. The GHM communication system of claim 11 Wherein 
the channel distortion comprises an amplitude distortion and 
a phase distortion of the GHM signal. 

13. The GHM communication system of claim 11 Wherein 
the processor further maximizes a signal to noise ratio of the 
GHM signal and minimiZes a bit error rate of the GHM 
signal upon detection of the Barker sequence. 

14. The GHM communication system of claim 11 Wherein 
the processor estimates the channel distortion by averaging 
GHM DFT coef?cients of the Barker sequence, correcting 
the GHM DFT coefficients for an initial phase and polarity 
of the Barker sequence and generating a frequency domain 
model of the GHM signal using the corrected GHM DFT 
coef?cients to account for the channel distortion. 

15. A GHM communication system for communicating 
via a poWer line, the GHM communication system compris 
mg: 

a GHM transmitter connected to the poWer line for 
transmitting a GHM signal over the poWer line; and 

a GHM receiver connected to the poWer line for receiving 
the transmitted GHM signal transmitted over the poWer 
line, the GHM receiver comprising: 

a processor connected to the poWer line and receiving 
the transmitted GHM signal, the processor using a 
?rst signal model to demodulate the GHM signal and 
adjusting the ?rst signal model using results of the 
demodulation of the GHM signal to produce a sec 
ond signal model Wherein the second signal model is 
used to demodulate subsequent GHM signal trans 
mitted from the GHM transmitter over the poWer 
line. 


