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(57) ABSTRACT 

Systems and methods are disclosed for determining charac 
teristics of a communications medium, Such as a Subscriber 
loop. In one embodiment, a system is disclosed to determine 
at least one characteristic associated with a subscriber loop. 
The system includes memory that stores data indicative of 
signal responses and loop characteristics for a plurality of 
loop configurations. A processor is programmed to ascertain 
at least one loop characteristic associated with the subscriber 
loop based on evaluation of data associated with a signal 
response received via the subscriber loop relative to at least 
a portion of the data indicative of signal responses stored in 
the memory. 
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SYSTEMAND METHOD TO DETERMINE LOOP 
CHARACTERISTICS 

TECHNICAL FIELD 

0001. This invention relates generally to telecommunica 
tions, and more specifically relates to a system and method 
to determine loop characteristics. 

BACKGROUND 

0002 Research and development in telecommunications 
applications have been expanding to meet the increasing 
popularity in the Internet. One particular application relates 
to digital Subscriber line (DSL) technologies, including 
symmetric DSL (SDSL) and asymmetric DSL (ADSL) and 
high data rate DSL (HDSL), to name a few. DSL can employ 
a variety of possible information rates and protocols depend 
ing on the type of DSL being implemented. DSL is a modem 
technology that converts existing telephone lines into access 
paths for multimedia and high speed data communications. 
DSL utilizes advanced digital signal processing and creative 
algorithms to provide greater amounts of information 
through twisted-pair telephone lines than was convention 
ally feasible. Accordingly, a person can employ DSL 
modems to communicate with a local Internet Service 
Provider (ISP), and the person still can be able to talk on the 
phone. For example, in an ADSL loop, a central office line 
driver drives the DSL signal onto telephone lines. The ADSL 
signal includes data streams that are carried over tones that 
are amplitude, phase modulated and frequency separated by 
about 4 KHZ. 

0003 Conventional DSL modem designs include cir 
cuitry referred to as analog front ends in which operations, 
Such as digital-to-analog and analog-to-digital conversion, 
amplification/attenuation and filtering, are performed. The 
analog front ends transmit and receive data to and from 
associated telephone lines (subscriber loops). During normal 
operation when a modem exists at both ends, the configu 
ration and characteristics of the loop are generally known. 
Service providers also maintain records of subscriber loops, 
Such as defining their length, configuration, and location. 
However, field staff may change the subscriber loop con 
figuration and not fully update these records. Also, loop 
characteristics can change, such as when malfunctions occur 
Somewhere in the loop. Accordingly, there is an impetus in 
the industry to make loop qualification or testing a more 
routine practice by DSL service providers. 
0004 One approach to perform qualification is to employ 
separate dedicated measurement hardware, which can be 
expensive and, therefore, unattractive. Another more attrac 
tive approach is to design DSL chips to monitor and provide 
performance parameters to the management system. The 
performance data could be read periodically (perhaps once 
a month) for all deployed lines from which a database of real 
measurements could be constructed. Then when a potential 
new customer requests DSL service, the operator could more 
easily decide whether that request could be granted. Quali 
fication and testing can also be performed to determine 
information about physical properties or operation of the 
line. 

SUMMARY 

0005 The present invention relates generally a system 
and method to determine loop characteristics. One aspect of 
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the present invention provides a system to determine at least 
one characteristic associated with a subscriber loop. The 
system includes memory that stores data indicative of signal 
responses and loop characteristics for a plurality of loop 
configurations. A processor is programmed to ascertain at 
least one loop characteristic associated with the subscriber 
loop based on evaluation of data associated with a signal 
response received via the subscriber loop relative to at least 
a portion of the data indicative of signal responses stored in 
the memory. 
0006 Still another aspect of the present invention pro 
vides a system to determine at least one characteristic of a 
communications medium. The system may include a mea 
Surement component that determines an indication of a 
response received from the communications medium in 
response to a test signal transmitted over the communica 
tions medium. A data structure (e.g., stored in memory) 
includes signal response data for a signal response associ 
ated with each of a plurality of known configurations of the 
communications medium. The data structure includes data 
indicative of at least one characteristic associated with each 
of the plurality of known configurations of the communica 
tions medium. An evaluator evaluates the indication of the 
response received from the communications medium rela 
tive to the signal response data of the data structure to 
determine the at least one characteristic of the communica 
tions medium. The communications medium can be Sub 
scriber loop of a DSL system, with the characteristics 
including, but not limited to one or more of loop length, 
gauge, and termination type of the communications medium. 
0007 Yet another aspect of the present invention pro 
vides a system to determine at least one characteristic 
associated with a subscriber loop. The system includes 
means for providing an indication of a signal response 
during a test mode in response to a test signal transmitted 
over the subscriber loop. The system also includes means for 
identifying the at least one loop characteristic based on 
comparing the indication of the signal response relative to a 
plurality of expected responses associated with known loop 
configurations. 

0008 Still another aspect of the present invention pro 
vides a method that includes transmitting at least one test 
signal over a Subscriber loop and receiving a signal response 
to the at least one test signal. An actual response associated 
with the subscriber loop is determined based on the received 
signal response. The actual response is compared relative to 
stored response data for at least one expected response for at 
least one predetermined loop configuration, and at least one 
characteristic of the subscriber loop it identified based on the 
comparison. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 depicts an example of a communication 
system employing loop testing according to an aspect of the 
present invention. 
0010 FIG. 2 depicts an example of a modem system 
operative to determine loop characteristics according to an 
aspect of the present invention. 
0011 FIG. 3 depicts an example of a system that can be 
utilized to determine loop characteristics according to an 
aspect of the present invention. 



US 2006/0120442 A1 

0012 FIG. 4 is a graph depicting a comparison of actual 
loop characteristics relative to loop characteristics deter 
mined according to an aspect of the present invention. 
0013 FIG. 5 depicts an example of a system that can be 
utilized to generate a loop table for use in a system according 
to an aspect of the present invention. 
0014 FIG. 6 depicts a graph for a frequency response for 
a given loop configuration that can be utilized for program 
ming a loop table according to an aspect of the present 
invention. 

0.015 FIG. 7 depicts another graph for a frequency 
response for a given loop configuration that can be utilized 
for programming a loop table according to an aspect of the 
present invention. 
0016 FIG. 8 depicts an example of a modem system that 
can implement loop testing with calibration according to an 
aspect of the present invention. 
0017 FIG. 9 is a graph depicting a comparison of actual 
loop characteristics relative to loop characteristics employ 
ing calibration determined according to an aspect of the 
present invention. 
0018 FIG. 10 is a flow diagram depicting a method that 
may be utilized to generate a loop table according to an 
aspect of the present invention. 
0.019 FIG. 11 is a flow diagram depicting a method that 
can be utilized to determine loop characteristics according to 
an aspect of the present invention. 

DETAILED DESCRIPTION 

0020 FIG. 1 depicts an example of a system 10 that can 
be utilized to ascertain one or more characteristics associ 
ated with a loop 12. Such as a Subscriber loop in a digital 
subscriber link (DSL) or asymmetric DSL (ADSL) system. 
The characteristics of the loop 12 can include, but are not 
limited to, the gauge of the line utilized to form the loop, 
loop length, termination type (e.g., impedance) of the loop, 
multiple segments of different gauges, as well as one or 
more bridge taps. The particular characteristics can be 
tailored to a specific standard, Such as those utilized in the 
U.S. and in Europe. The loop 12, for example can be 
implemented as a plain old telephone service (POTS) 
twisted pair line of an electrically conductive material (e.g., 
copper), although other types of communication media can 
be utilized for which it may be desirable to ascertain 
characteristics of the loop. For purposes of consistency in 
the following description, the communications medium is 
assumed to be a loop in a POTS environment, such as may 
be implemented in an ADSL circuit. 
0021. The system 10 can be implemented within a 
modem 14 that includes a processor (e.g., a digital signal 
processor (DSP)) that is operative to control associated 
circuitry for communicating signals through an analog front 
end (AFE)/hybrid system 18. Those skilled in the art will 
understand and appreciate various types of modulation 
schemes and encoders that can be utilized to transmit data 
(e.g., including Voice data, information data, video data or a 
combination of Voice, video, and information data) through 
the AFE/hybrid 18 and over the loop 12. The modem 14 can 
be located at a central office, a remote terminal site, or, 
alternatively, it can be located at a consumer premises. 
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0022. The processor 16 implements a single ended loop 
testing (SELT) algorithm 22 that controls a process to 
determine characteristics or parameters associated with the 
loop 12. SELT is an automated way of testing a DSL loop 
from one end of the line, either from the central office (CO), 
the remote terminal (RT) or from the subscriber's end. 
Unlike dual-ended loop testing (DELT), where someone, 
usually the operator's technician, must install a DSL modem 
or some sort of test device at the consumer's end of the line, 
SELT does not require a technician or any equipment at both 
ends. Accordingly, SELT can be performed from the net 
work side without physically accessing the Subscriber site. 

0023 The processors 16 can be utilized in conjunction 
with a plurality of modems (e.g., operating a multi-port 
modem), AFE/hybrids and associated communications cir 
cuitry for ascertaining loop characteristics for any number of 
one or more loops 12. For purposes of brevity and not by 
way of limitation, the modem 14 is described as a single port 
modem that communicates over a single loop 12. 

0024. The modem 14 can include memory 20 pro 
grammed with data indicative of responses for one or more 
loop configurations and with data that describes one or more 
characteristics or parameters associated with each of the 
loop configurations. For example, the data can be stored as 
a table, although other forms of data structures can be 
employed for storing the data. The characteristics of the 
subscriber loops for which the response data is stored in the 
memory 20 are known so that the processor 16 can employ 
the SELT algorithm 22 relative to the data in the memory to 
determine one or more loop characteristics for the loop 12 
based on the data in the memory 20. As parts of a testing 
process, the processor 16 causes a signal to be transmitted 
through the AFE/hybrid 18 over the loop 12. For example, 
the signal can be transmitted on a set of frequency bands (or 
tones) that exist in both the frequency bands employed in 
transmitter and receiver portions of the modem. As used 
herein, a “tone' corresponds to the frequency inputs to an 
inverse fast Fourier transform that defines the tone, defining 
a separate frequency band in the time domain. For instance, 
in ADSL, data can be communicated over a loop according 
to a frequency division multiplexing scheme that employs a 
plurality of tones. A response to the signal transmission is 
received by the modem 14 and is communicated to the 
processor 16 after employing some pre-processing, includ 
ing conversion through the AFE/hybrid 18. 

0025 The SELT algorithm 22 is programmed to ascertain 
the one or more loop characteristics associated with the loop 
12 based on the signal response data relative to at least some 
of the data stored in the memory 20. As mentioned above the 
data stored in the memory 20 includes response data for 
known loop configurations based on which the processor 16 
can determine one or more characteristics of the loop 12. 
The type of response data stored in the memory 20 corre 
sponds to the same type of responses being measured and 
analyzed by the SELT algorithm 22. For example, the 
response data in the memory 20 can correspond to a signal 
response or echo response and can be in the time domain, 
frequency domain or a combination of time domain and 
frequency domain. 

0026. To reduce overhead requirements for implementing 
the SELT algorithm 22, response data for different loops can 
be stored for each loop as a set of coefficients selected to 
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represent at least a portion of the responses for a plurality of 
loop configurations having known loop characteristics. The 
loop characteristics for each loop can also be stored in the 
memory 20 associated with a respective set of coefficients 
for a given loop configuration. By storing coefficients asso 
ciated with the responses for different loop configurations in 
the memory 20, memory requirements for implementing the 
table in the memory 20 can be significantly reduced. When 
coefficients are stored in the memory to represent responses 
for different loop configurations, the processor 16 can be 
programmed to convert coefficients for a given response for 
different loop configurations to a corresponding portion of a 
response that can be compared relative to corresponding 
portions of the response for the received signal. Alterna 
tively, the processor 16 can be programmed to convert the 
response for a given received signal response to a set of 
corresponding coefficients that can be evaluated relative to 
the stored coefficients to determine corresponding charac 
teristics of the loop 12 that is being evaluated. 
0027. As an example, the processor 16 can implement the 
SELT algorithm 22 to perform the comparison between the 
received signal response and the response data stored in the 
memory 20. For instance, circuitry in the modem 14 can 
convert the received signal response to an echo frequency 
response by dividing out the transmitted test signal in the 
frequency domain. The processor 16 can employ the SELT 
algorithm 22 to convert the stored coefficients to corre 
sponding echo frequency response data and compare the 
echo frequency response relative to the corresponding echo 
frequency response data for at least some of the loop 
configurations. The stored response data that produces a 
minimum error (e.g., mean square error as well as other 
statistical or non-statistical methods) between the received 
echo frequency response and the converted echo frequency 
response data can be employed to identify loop character 
istics for the loop as matching those associated with the 
stored response. Those skilled in the art will understand and 
appreciate that other types of signal responses, including 
both echo and transmitted portions of the received signal can 
be utilized to ascertain loop characteristics. Additionally, the 
evaluation and analysis of the received signal can be per 
formed on a time domain or frequency domain representa 
tion thereof, with the memory 20 being programmed accord 
ingly. 
0028. The system 10 further can include an interface (or 
bus) 24 that enables a computer 26 to communicate with the 
modem system 14. The computer 26, for example, can 
correspond to a central control computer (e.g., a work Station 
or a personal computer) in a central office of a service 
provider. The computer 26 can communicate via the inter 
face 24 to a plurality of modems similar to the modem 14 to 
implement the desired testing for loop characteristics of a 
plurality of loops. The computer 26 can be local or remote 
relative to the modem system 14. Such as located in a control 
station. A user can employ the computer 26 via the corre 
sponding user interface 28, Such as including a graphical 
and/or text-based human-machine interface. The user can 
also manually initiate the SELT algorithm via the user (e.g., 
human-machine) interface 28. Alternatively, the computer 
26 can be programmed to initiate the SELT algorithm 
periodically or after certain events occur. The computer 26 
can also be employed to control one or more aspects of 
SELT by providing instructions (e.g., network management 
functions, such as by using Operations Administration and 
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Maintenance (OAM)) to the modem system 14 via the 
interface 24. The modem 14 can also provide the computer 
26 with information describing the loop characteristics for 
the loop 12 based on the determination of loop characteris 
tics, such as described herein. The computer 26 can in turn 
provide an indication of the loop characteristics to one or 
more output devices (e.g., a monitor, a printer and the like) 
indicated at 30. 

0029 FIG. 2 depicts an example of a loop testing system 
50 that can be implemented according to an aspect of the 
present invention. The loop testing system 50 can be imple 
mented as part of a DSL modem that is utilized to transmit 
and receive signals over an associated Subscriber loop 52. 
For purposes of the example of FIG. 2, it will be assumed 
that the system 50 is implemented in an ADSL environment 
for transmitting data over a single POTS loop 52, although 
the system is applicable to other types and arrangements of 
communication systems. 

0030) The system 50 includes a DSP 54 that is pro 
grammed and configured to implement a single ended loop 
testing (SELT) algorithm. As part of the SELT algorithm, the 
DSP 54 is operative to control hardware as well as associ 
ated Software for communicating test signals over the loop 
52. In the example of FIG. 2, the corresponding hardware 
and Software is indicated as the digital preprocessing/en 
coder block 56 and an inverse fast Fourier transform (IFFT) 
block 58. The DSP 54 thus provides input data to the digital 
preprocessing/encoder block 56 which, in turn, provides 
encoded data (e.g., corresponding to tones) to the IFFT 
block 58. The IFFT block 58 provides corresponding sym 
bols as data samples in the time domain to an analog front 
end (AFE) 60. Those skilled in the art will understand that, 
for purposes of simplicity of explanation, various structural 
and functional features (e.g., including additional filtering 
and conversion) can be considered either incorporated into 
digital preprocessing/encoder block 56 or omitted from 
FIG. 2 since such features while typically form part of the 
modem system are not required for purposes of implement 
ing SELT. 

0.031) The loop 52 is coupled to the AFE 60 for propa 
gating data to a subscriber's equipment associated with the 
loop. When data is transmitted over the loop 52 from the 
AFE 60, a response associated therewith can be returned to 
system 50 through the AFE 60. The AFE 60 provides the 
response to an averaging function 62 that is operative to 
obtain an average of the response to the sample signals 
transmitted by the IFFT 58 over the loop 52. For example, 
the averaging function 62 averages the responses over time 
for the same test signal transmitted multiple times. The 
average function 62 provides an average indication of the 
received signal to an FFT block 64. The FFT block 64 is 
operative to convert the time domain data from the average 
block 62 to a corresponding frequency domain representa 
tion. The frequency domain representation can be provided 
to additional hardware and software, which is represented in 
FIG. 2 as a digital processing decoder/equalizer block 66. 
The DSP 54 is coupled to communicate with and control the 
digital preprocessing decoder/equalizer block 66. 

0032) The FFT block 64 also provides the frequency 
domain representation to the DSP 54 for processing in 
accordance with an aspect of the present inventions. The 
DSP 54 includes a division function 70 that is operative to 
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divide the frequency domain representation of the received 
signal by the frequency domain representation of the trans 
mit signal to generate a corresponding echo frequency 
response 72. The echo frequency response 72 can be a 
complex echo response or it can be a magnitude echo 
response to reduce memory requirements. Those skilled in 
the art will understand and appreciate that the received 
signal can also be processed by the DSP 54 to ascertain 
characteristics or parameters associated with the loop 52. 
For example, the FFT block 64 can provide the frequency 
response for the receive signal directly to an analysis block 
74, as indicated by the dashed line 76. As another alterna 
tive, some or all of the processing can be performed on a 
time domain representation of the response for the receive 
signal (e.g., provided to the analysis block 74 from the 
averaging function 62—not shown). 
0033. In the example of FIG. 2, the analysis block 74 
employs the echo frequency response (e.g., an echo magni 
tude response) relative to data stored in a loop characteristic 
table 78 to ascertain an indication of the parameters asso 
ciated with the loop 52. The loop characteristic table 78 is 
preprogrammed with echo response data for a plurality of 
loop configurations, each having known frequency charac 
teristics. The echo response data stored in the loop charac 
teristic table 78 can be in the frequency domain, or depend 
ing on the type of data that is to be provided to the analysis 
block 74 as part of the testing algorithm. Thus, in the 
example of FIG. 2, the response data stored in the loop 
characteristic table 78 corresponds to echo magnitude signal 
response data in the frequency domain. 
0034) To reduce data storage requirements associated 
with implementing the SELT algorithm in the DSP 54, the 
response data stored in the loop table 78 for each loop 
configuration can be stored as coefficients that represent the 
echo frequency responses determined for loops having 
known parameters. The loop characteristic table 78 can be 
programmed based on computer simulations performed on 
loop models. Additionally or alternatively, the loop charac 
teristic table 78 can be programmed based on actual and 
empirical testing performed over a plurality of loops having 
differing characteristics as well as for a plurality of different 
AFES for each loop configuration. By programming the 
table 78 testing over a plurality of AFEs, the response data 
stored in the loop characteristic table 78 can accommodate 
process variations associated with the AFEs and other 
chipset variations. 

0035) An interface 80 can be utilized to control and 
configure the SELT process, such as by a computer (or other 
input device) that is communicatively coupled to the DSP 54 
via the interface 80. For instance, an operator at a central 
office can control the SELT algorithm implemented by the 
system 50 by entering instructions through the interface 80. 
As a further example, the interface 80 can be utilized to input 
a priori information for one or more known parameters of 
the loop 52 that is being tested. Based on such a priori 
information, for example, the analysis block 74 can reduce 
the table 78 to a Subset of the entries in the table 78 that 
include the a priori information provided to the interface 80. 
Additionally, an operator or other user can send an appro 
priate start command to the DSP to initiate SELT through the 
interface 80. The system 50 can also provide the results of 
SELT performed by the analysis block 74 over the interface 
80, including an identification of one or more loop charac 
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teristics for the loop 52 based on the results of the analysis 
between the received echo response 72 and the stored loop 
characteristic and response data in the table 78, such as 
described herein. 

0.036 FIG. 3 depicts another example of a system 100 
that can be utilized to determine loop characteristics accord 
ing to an aspect of the present invention. The system 100 
includes a SELT algorithm 102 that is operative to perform 
the determination of the loop characteristics. The SELT 
algorithm 102 can be implemented as software instructions 
that are executable by processor (e.g., a DSP) as hardware 
or as a combination of hardware and software. The SELT 
algorithm 102 ascertains the loop characteristics based on 
predetermined data stored in a loop table 104 (e.g., ROM, 
EPROM, RAM, FLASH, and the like). 
0037. The SELT algorithm 102 includes a SELT control 
block 106 that is operative to control the SELT algorithm 
102. The SELT control block 106 includes a measurement 
block 108 that is operative to ascertain an indication of a 
receive signal response for an associated loop (not shown). 
The measurement block 108 can determine the receive 
signal response based on a receive signal (RX) or based on 
a transmit signal (TX) and the RX signal. The measurement 
block 108 can provide the receive signal response data to an 
evaluate component 110. The response data can be provided 
in the time domain or the frequency domain. For purposes 
of simplicity of explanation and consistency, the SELT 
algorithm 102 will be described in FIG. 3 with respect to a 
frequency response or, more specifically an echo frequency 
response in the frequency domain, which can be measured 
by dividing the RX signal by the TX signal. 
0038. The evaluate block 110 is operative to evaluate the 
signal response based upon predetermined response charac 
teristics stored in the loop table 104. The evaluate block 110 
is programmed and/or configured to include an error func 
tion 112 that is operative to determine an error value (e.g., 
a mean squared error) between the measured echo frequency 
response and a response based on corresponding echo 
response data stored in the loop table 104. 
0039. In the example of FIG. 3, the loop table 104 
includes a plurality of entries that can be utilized to provide 
an indication of a response for each of a plurality of loop 
configurations for use by the evaluate block 110. The table 
104 thus can store the loop configuration data as a linear 
array of elements. For example, the loop table 104 can 
include an entry (ID) 114 that operates as an index into the 
loop table 104. The ID entry 114 can be associated with each 
entry to enable accessing response data and other data 
associated with a given ID entry. 
0040. The loop table 104 can also include a coefficient 
entry 116. The coefficient entry 116 corresponds to coeffi 
cients of a polynomial expression which has been deter 
mined to approximate an echo frequency loop configuration. 
Start and stop entries 118 and 120, respectively, are associ 
ated with each set of coefficients to identify a tone range 
over which the coefficients 116 apply in the polynomial to 
provide the echo frequency response. Associated with each 
ID entry 114 are also loop configuration data. The loop 
configuration data can include a loop length field 122, a 
gauge field 124, termination type field 126 as well as one or 
more other SELT parameter fields, indicated at 128. Each of 
the loop configuration fields 122, 124, 126 and 128 collec 
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tively corresponds to a loop configuration for each indexed 
entry 114 and is associated with a set of coefficients 116 that 
define a corresponding signal response. 

0041) The SELT control block 116 controls a selection 
component 130 to obtain coefficients 116 and start and stop 
data 118 and 120, respectively, for a given indexed entry in 
the loop table 104. The selection component 130 provides 
the coefficients and start/stop information 116, 118 and 120 
to a conversion block 132 that converts the coefficients to a 
corresponding polynomial curve corresponding to an echo 
frequency response (e.g., an echo magnitude frequency 
response) for the tone range defined by the start and stop 
tones 118 and 120. 

0.042 For each selected entry, the conversion block 132 
provides a corresponding signal response within the start 
and stop tone range to the evaluate block 110. The error 
function 112 thus computes the corresponding error between 
the measured response provided by the measurement block 
108 and the converted response for a given entry of the loop 
table 104 to determine a corresponding error value. The 
error function 112 determines which entry has a minimum 
error value and then provides the entry ID information to the 
SELT control block 106. The selection component 130 can 
in turn access the loop table 104 and obtain corresponding 
loop configuration data 122, 124, 126 and 128 and provide 
Such information to a corresponding memory 136. Such as a 
predefined output register. Alternatively, the SELT control 
block 106 can provide the resulting loop configuration data 
122, 124, 126 and 128 through the interface 134 to an 
associated device. Such as a control console or a computer 
in a central office. 

0043. If one or more of the loop characteristics, such as 
loop gauge or termination type, are known, a user can enter 
such information as a priori information into the SELT 
algorithm 102 to facilitate analysis via the interface 134. The 
selection component 130 can employ this a priori informa 
tion to implement a table mask to exclude certain indexed 
entries 114 from the SELTalgorithm 102. The interface 134, 
for example, can receive input data from an associated 
computer or user entry device that defines certain known 
loop configuration characteristics or other a priori informa 
tion associated with the loop being tested. The SELT control 
block 106 can employ the a priori information to cause the 
selection component 130 to exclude from consideration 
entries in the loop table 104 that do not include the known 
types of data. For instance, where a given loop is known to 
have a particular gauge wire, all loop table entries that have 
different gauges can be excluded from the SELT algorithm 
102, thereby greatly simplifying the algorithm as well as 
improving accuracy. Those skilled in the art will understand 
and appreciate that any type of a priori information about the 
loop characteristic can be utilized to generate an appropriate 
mask by the selection block 160. 
0044) The a priori loop configuration should be entered 
by a user prior to initiating the SELT algorithm 102. For 
instance, a user can enter information to identify a known 
loop gauge, a known loop termination as well as whether the 
SELT algorithm is to be implemented with or without 
calibration. If no a priori loop configuration information is 
entered, the SELT algorithm can be performed against all 
possible loop configurations, including loop gauges and 
terminations in the table 104. As an example, the input 
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information, including a priori loop configuration informa 
tion, can be provided via the interface 134 as a six byte entry 
having a format as set forth in the following Table 1. 

TABLE 1. 

Byte # Parameter Table Entry Value 

Byte O Command Type = 6 for SELT 6 (fixed) 
Test 

Byte 1 Subtype = 2 Simple SELT 2 (fixed) 
Hypothesis Configuration 

Byte 2 Termination Type Bit mapped termination 
type 

Byte 3–4 Gauge Type Bit mapped gauge type 
Byte 5 Calibrated Non Calibrated O(fixed) 

0045 FIG. 4 depicts an example of a loop length esti 
mate that can be obtained by employing SELT according to 
an aspect of the present invention, such as by the system 100 
of FIG. 3. In-FIG. 4, an estimated loop length 140 is plotted 
versus the actual loop length for various lengths of a 0.5 mm 
gauge wire. For purposes of the example depicted in FIG. 4. 
it is assumed that the loop includes a known termination 
impedance of 10 K and no calibration is performed. A 
corresponding plot of actual loop length 142 is shown for 
purposes of comparison. From FIG. 4 is shown that the 
SELT performs reasonably well for the given loop configu 
ration up to a loop length of approximately 2.7 kilometers. 
As shown and described herein (see, e.g., FIGS. 8 and 9), 
further improvements can be achieved by employing cali 
bration with SELT. 

0046 FIG. 5 illustrates an example of a system 150 that 
can be utilized to generate a loop table 160 for use in 
determining loop characteristics, such as described herein. It 
is to be understood and appreciated that a corresponding 
loop table 160 can be generated based on performing 
computer simulations on a subscriber loop 156 for a plural 
ity of different loop configurations, based on performing 
empirical testing for a plurality of different loop configura 
tions or based on a combination of computer simulations and 
empirical testing. Additionally, by performing sample test 
ing for a plurality of analog front ends 154, the resulting loop 
table 160 can be generated to accommodate for process 
variations associated with fabrication of the AFEs and 
components variations used in the AFEs. 
0047 The loop table generation system 150 also includes 
a test mode control 158 that is operative to control the 
process of obtaining and processing data for use in gener 
ating the corresponding table 160. The test mode control 158 
is loaded with loop data 162 corresponding to known 
characteristics associated with the loop 156. The loop data 
162, for example, can include the length of the loop 156, the 
gauge of the wire for the loop, the type of loop termination 
as well as other characteristics, including whether calibra 
tion is to be implemented. Those skilled in the art will 
understand and appreciate that the loop table 160 can be 
programmed and generated to include a variety of loop 
parameters data that can be employed to characterize an 
associated loop 156. 
0048. The test mode control 158 provides a test signal 
(e.g., a REVERB signal) to a constellation encoding block 
164. The constellation encoding block 164 encodes the test 
signal as data on appropriate carriers and Subcarriers and 
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provides the encoded data to an IFFT block 166. The IFFT 
block 166 in turn provides a corresponding time domain 
signal to the analog front end 154. The analog front end 154 
in turn transmits a corresponding analog signal over the loop 
156. Signals are received by the AFE 154 and are provided 
to a FFT block 168. The FFT block 168 converts the 
received time domain signal to a frequency domain repre 
sentation thereof, which is provided to a divide component 
170. Averaging can also be performed so that the frequency 
domain signal includes an average symbol response over a 
plurality of samples. The divide component 170 divides the 
transmitted frequency domain signal by the received fre 
quency domain signal provided by the FFT component 168 
to generate a corresponding echo frequency response. By 
performing the division, the divide block 170 is capable for 
providing a corresponding echo response associated with the 
AFE 154 and loop 156 based on the transmitted signal. 
Those skilled in the art will understand and appreciate that 
alternatively, a time domain signal could be utilized to 
generate the corresponding table. Alternatively, the mea 
Sured signal response received from the loop (in a time 
domain or a frequency domain) can be utilized to generate 
the table 160 in the absence of generating an echo response 
from the transmitted signal. 
0049. The sample component 172 stores a block of 
samples for each symbol in the echo response 172. As an 
example, the sample block 172 can collect data for about 
4,000 (e.g., 4096) symbols over a plurality of samples (e.g., 
128 samples). The sample block 172 can include an aver 
aging function 176 that sums the symbols for each of the 
respective samples and obtains an average symbol value for 
each of the plurality of samples. The sample component 174 
can also include a tone range component 178 that is opera 
tive to define a relevant tone range for the respective average 
sample that was obtained. The tone range component 178 
determines the relevant tone range to reduce storage require 
ments for generating the respective table 160. For example, 
the tone range can be selected for a range of tones in the 
signal response that maximizes the distinguishing charac 
teristics for each loop configuration. Those skilled in the art 
will understand and appreciate that the particular tone ranges 
can be determined for a given loop configuration based on 
experimentation or experience of the designer. 
0050. The sample system 174 provides an average 
sample echo response over a corresponding tone range (e.g., 
start and stop tones determined by the tone range component 
178) to a curve fitting function 180. The curve fitting 
function 180, for example, can include polynomial fitting for 
an averaged frequency response data over the selected tone 
range to a corresponding polynomial. The order of the 
polynomial should be selected to distinguish adequately 
between signal responses for different loop characteristics. 
Different orders of polynomials further can also be 
employed for different loop configurations. As an example, 
a fourth order or fifth order polynomial can be used to 
approximate the signal response over a given tone range for 
most existing loop configurations, although a higher order 
polynomial can be employed for improved accuracy. 

0051. The curve fitting function 180 provides an indica 
tion of the respective polynomial approximation to a coef 
ficient generator 182. The coefficient generator 182 is opera 
tive to extract corresponding coefficients for the polynomial 
defined by the curve fitting function 180. The coefficient 
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generator 182 in turn provides the respective coefficients for 
the polynomial that approximates the echo response pro 
vided by the sampling function 174 to a table generator 184. 
The table generator 184 in turn generates the corresponding 
loop table 160 by populating the table with the known a 
priori loop data provided at 162, with the coefficients 
generated by the coefficient generator 182 as well as an 
indication of the start and stop tones for the tone range over 
which the polynomial represents the signal response. The 
test mode control 158 further can identify whether calibra 
tion was implemented in conjunction with obtaining the 
signal response and configuration data for a given entry in 
the loop table 160. 
0052 By way of further example, a data structure can be 
defined to store entries for the loop table 160. The polyno 
mial coefficients can be stored as an integer entry having a 
predetermined number of bits (e.g., 32 bits). The start and 
stop tone entries can be defined by a byte or other number 
of bits to identify a respective tone in the available signal 
spectrum (e.g., 64 tones) in which data is transmitted. The 
type of data can vary depending on the type of response data 
being obtained for a given loop configuration. The loop 
length information can be stored in each table entry as a 16 
bit integer value, which can be stored in corresponding units, 
such as feet or meters. A 16 bit value can be used to store the 
loop gauge information in the entry, such as can be bit 
mapped as in the table below. One or more bits (e.g., bits 
8-15) can be used to define user-defined gauge types. 

TABLE 2 

Bit No Gauge Type 

O AWG 22 
1 AWG 24 
2 AWG 26 
3 PE 032MM 
4 PE 04MM 
5 PE 05MM 
6 PE 063MM 
7 PE 09MM 

8-15 User Defined 

0053 A loop termination field can be represented as a 
byte, such that different terminations are mapped as set forth 
below in TABLE 3. 

TABLE 3 

Bit No Gauge Type 

O Open 
1 Short 
2 100 Ohm 

3. T Unknown. User defined 

0054 FIGS. 6 and 7 depict echo magnitude responses 
186 for different loop configurations that can be utilized to 
generate corresponding loop data according to an aspect of 
the present invention. In FIG. 6, echo magnitude responses 
186 with polynomial fit are shown for a straight loop having 
a 0.4 mm gauge and termination of 10 K. The echo mag 
nitude responses 186 are shown for all 64 tones in the DMT 
(Discrete Multi-Tone) spectrum. The solid lines depicted in 
FIG. 6 correspond to the echo responses for all 64 tones of 
the spectrum. The portions of the curves represented by 
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asterisks indicate the corresponding polynomial fit per 
formed relative to the signal response data over a corre 
sponding tone range indicated at 188. In FIG. 6, the poly 
nomial fit is performed over the tone range 188 from about 
tone 20 to about tone 40. By utilizing a fourth order 
polynomial, five polynomial coefficients are generated for 
each of the 64 curves within the tone range 188. 

0055 FIG. 7 depicts signal responses 190 for 64 tones 
corresponding to a loop configuration that includes a straight 
loop having a 0.5 mm gauge and a 10K termination. In the 
example of FIG. 7, a polynomial fit is performed over a tone 
range 192, which extends from about tone 7 to about tone 20 
as indicated by asterisks for the respective tones. 

0056 FIG. 8 depicts an example of a system 200 that can 
employ SELT with calibration. The system in FIG. 8 is 
depicted as including a plurality of modem systems 202 that 
are coupled to respective subscriber loops (LOOP 1 through 
LOOP N, where N is a positive integer) 204 through 
corresponding ports 206 and relays 208. The modem sys 
tems 202 can correspond to one DSL line card or multiple 
modems can be spread across a plurality of line cards. The 
modem systems 202, for example, may reside at a central 
office of a PSTN (Public Switched Telephone Network). It 
will be appreciated, however, that the system 200 could be 
implemented with any number of one or more modems 
associated with one or more respective single loops. The 
modems 202 are schematically illustrated as including a 
digital portion 210 and an analog portion 212. The digital 
portion can include a DSP and other digital circuitry and 
memory for processing and encoding/decoding data that is 
communicated via the analog portion over the associated 
loop 204. While a separate modem system 202 is depicted 
with each port 206, it will be appreciated that much of the 
circuitry of the modem system can be configured to trans 
ceive signals via a plurality of the ports 206. 

0057 During normal operation (e.g., a normal operating 
mode), the relays 208 are configured to couple each port 206 
to its associated loop 204. As used herein, the relay 208 can 
include any Switching or routing system capable of altering 
the path of a signal being communicated relative to a 
respective modem system 202. During a calibration mode 
for a given modem 202, the associated relay 208 couples a 
respective port 206 with an associated test bus 214. The 
digital portion 210 or other entity (e.g., the SELT algorithm) 
of the modem system 202 can control the relay 208 to 
provide a desired communications path for the modem, 
which path can vary based on the operating mode of the 
modem system. While a single test bus 214 is depicted in 
FIG. 8, there can be any number of test buses for use in 
implementing calibration. 

0.058. The digital portion 210 includes a calibration func 
tion 216 that can be employed for calibrating an associated 
SELT algorithm also implemented by the digital portion, 
Such as according to any of the approaches described herein 
(see, e.g., FIGS. 1, 2, 3 or 11). The calibration function 216, 
for example, can include computer-executable instructions 
that are executed by an associated processor to calibrate the 
modem to mitigate the effects of process variations for 
components in the modem, including the analog portion 212 
and external components and couplings associated with the 
loop 204. According to one aspect of the present invention, 
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the calibration function 216 can employ an S-parameter 
calibration scheme while the modem system 202 is coupled 
to the test bus 214. 

0059 By way of example, S-parameter calibration can 
correspond to the types of calibration that is commonly used 
in network analyzers where a probe (or circuit) is used to 
connect to the device under test (DUT). For instance, during 
calibration the relay 208 operates to remove the loop 204 
and couple the port 206 with one or more known test loads 
218, indicated at Z1 through ZP, where P is a positive integer 
denoting the number of test loads being employed during 
calibration. In one implementation, the modem system 202 
can control the test bus 214 of the calibration process to 
sequentially couple the port 206 with a selected one of the 
test loads 218 during different phases of calibration. For 
example, the test bus 218 can be implemented as including 
a relay or other Switching system operative to selectively 
couple one (or more) of the test loads 218 with the relay 208. 
For purpose of S-parameter calibration, the DUT corre 
sponds to the loop 204 and the probe corresponds to the 
analog portion 212 of the modem system. The test loads 218, 
for example, can include a short circuit path (e.g., 0 Ohm or 
other low resistance), an open circuit path, and a 100 Ohm 
load or other test loads representative of normal operating 
conditions. The modem system 202 takes measurements 
with each of these loads, such as based on transmitting a 
REVERB signal and then uses the results to determine the 
two-port S-parameters (e.g., S11, S12, S21 and S22) of the 
analog portion 212. Thus, when the associated loop 204 is 
reconnected, the modem system 202 can accurately ascer 
tain only the properties of the loop 204 since the properties 
of the analog portion 212, having been determined during 
the calibration process, can be effectively removed from the 
measurement data. 

0060. In practice, the calibration function 216 can operate 
to disconnect the loop and computing the echo response 
sequentially for “open”, “short and “100 ohm' (or other 
“normal') test load conditions associated with the phases of 
calibration. Referring to these three measurements as S. 
S" and S. respectively, the S-parameters for the analog 
portion 212 can be computed as follows: 

S = S, , S: 2S-S-S Eq. 1 
22 - S. - Si 

A 20Sil-Sa)(S-S) Eq. 2 
SS3 = — —. 

If the echo response measurement with the actual loop 
attached is S, then S for the loop itself can be computed 
as follows: 

S - SY Eq. 3 
S1 = -. 

S5 (S - SI) - S.S. 

S rather than the raw echo response can then used by the 
analysis system of a loop testing system to estimate loop 
parameters during implementation of SELT. When using 
calibration measurements, the computed response is com 
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puted as S according to computed calibration measure 
ments. The calibration can be performed just prior to imple 
menting SELT to help ensure that accurate conditions exist 
for the calibration as compared to normal operation when 
the loop 204 is connected. If calibration is employed during 
SELT, the response table should also be programmed by 
employing calibration. 
0061 FIG. 9 depicts an example of a loop length esti 
mate that can be obtained employing SELT with calibration 
according to an aspect of the present invention. In FIG. 9. 
an estimated loop length 230 is plotted versus the actual loop 
length 232 for various lengths for various lengths of a 0.4 
mm gauge wire. For purposes of the example depicted in 
FIG. 9, it is assumed that the loop includes a known 
termination impedance of 10K and calibration is performed. 
The plot of actual loop length 232 is shown for purposes of 
comparison. From FIG. 9, it is shown that the simulation 
performs reasonably well up to nearly four kilometers. Thus, 
by way of comparison with the example of FIG. 4, where no 
calibration was performed, the SELT algorithm with cali 
bration can enable an accurate determination of loop length 
over a larger range of loop lengths. 

0062 FIGS. 10 and 11 depict methods that can be 
performed in connection with determining loop character 
istics associated with automatic gain control for a multi 
stage system according to an aspect of the present invention. 
While, for purposes of simplicity of explanation, the meth 
odologies are shown and described as executing serially, it 
is to be understood and appreciated that the present inven 
tion is not limited by the orders shown, as Some aspects may, 
in accordance with the present invention, occur in different 
orders or concurrently from that shown and described 
herein. Moreover, not all features shown or described may 
be needed to implement a method in accordance with the 
present invention. Additionally, Such methods can be imple 
mented in hardware (e.g., analog circuitry, digital circuitry 
or a combination thereof), software (e.g., running on a DSP 
or ASIC) or a combination of hardware and software. Those 
skilled in the art will understand how to program appropriate 
components (e.g., a DSP implemented in a DSL modem) to 
implement the methods based on the teachings contained 
herein. 

0063 FIG. 10 depicts a flow diagram for an example 
method that can be employed to generate a table for use in 
performing SELT according to an aspect of the present 
invention. The method begins at 300 in which a given loop 
configuration is defined. The loop configuration can be 
defined by identifying one or more known loop character 
istics for the given loop. Such as loop length, termination 
type, and loop gauge to name a few. At 310, a REVERB 
signal is transmitted. The REVERB signal is transmitted 
over the loop that was defined at 300, such that a response 
is received at 310. The data for the response is summed for 
the respective sample at 330. At 340, an average is deter 
mined for the sample, Such as by dividing the Summed data 
over the number of symbols that form the data in the sample. 
At 350, a determination is made as to whether any additional 
samples exist. If additional samples exist, the method returns 
from 350 to 330 to repeat the summation and averaging for 
the next one or more samples. For example, a Sufficient 
sample size can include about 128 samples, each sample 
containing about 4096 symbols, although other sample sizes 
and constellation sizes can be employed. 
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0064. At 360, a response is generated based on the 
samples for the received signals. The response can corre 
spond to an echo magnitude response of the received signals 
according to the averaging performed relative to the samples 
of symbols that were aggregated at 340. The echo response 
can be generated by dividing out the transmitted portion of 
the reverb signal that was sent over the loop configuration 
under test at 310. 

0065. At 390, a tone range is determined. The tone range 
can include a start tone and a stop tone for the averaged 
response generated at 380. The tone range can differ for each 
loop configuration for which a table entry is being generated 
so that the portion of the frequency response can facilitate 
distinguishing between responses of other loop configura 
tions. Additionally, by selecting a portion of the frequency 
response within the tone range, memory requirements for 
storing a representation of the echo response can be reduced. 

0066. At 400, curve fitting is performed relative to the 
portion of the echo response defined by the tone range 
determined at 390. The curve fitting, for example, can 
correspond to a polynomial fit, such as can be performed by 
any curve fitting tool (e.g., the curve fitting toolbox in 
MATLABOR software from Mathworks, Inc. or other com 
mercially available or proprietary tool). At 410, coefficients 
can be generated based on the curve fitting at 400. For 
instance, where a fourth order polynomial is determined to 
fit the frequency response for the given tone range, five 
corresponding coefficients will typically be generated at 
400. Those skilled in the art will appreciate that any suitable 
order polynomial can be used to describe the frequency 
response, and that different order functions can exist for 
different responses. 

0067. At 370, a determination is made whether any 
additional AFES exist for which corresponding responses are 
to be generated. As described herein, responses can be 
generated for a plurality of different AFEs so that component 
and performance variations across a sufficient sample of 
hardware can be considered. In this way, the response data 
can be better approximate a range of AFEs that might be 
encountered in modem systems employing SELT. If addi 
tional AFEs do exist (YES), the method returns to 300 to 
repeat the foregoing process for each respective AFE. At 
400, after corresponding responses and coefficients have 
been generated for each of the AFEs (NO), the method can 
proceed to 380. At 380, an averaging is performed for the 
respective responses generated at 360 for each AFE to 
provide an average indication of the frequency response 
over a plurality of AFEs. As an alternative to averaging 
responses, it will be appreciated that other representations 
can be averaged or other functions performed to describe 
signal responses for the plurality of AFES and the given loop 
configuration. 

0068. At 420, a determination is made as to whether any 
additional loop configurations exist for which data is to be 
generated for populating a table. If additional loop configu 
rations do exist at 420 (YES), the method returns to 300 to 
repeat the method for the next loop configuration. After 
corresponding data has been generated for each of the loop 
configurations (NO), the method proceeds from 420 to 430. 
At 430, a corresponding table is generated. The table can 
include a set of coefficients that define a received signal 
response (e.g., an echo magnitude response in the frequency 
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domain) for a given loop configuration over a defined tone 
range. The table can also include the known characteristics 
associated with the response for each loop configuration. 
Those skilled in the art will understand and appreciate 
various types of data structures (e.g., linear array of ele 
ments, linked list, records, etc.) that can be employed to 
store the data for use in implementing SELT. 

0069 FIG. 11 depicts an example of a method that can be 
employed to implement SELT according to an aspect of the 
present invention. The method begins at 500 in which one or 
more transceiver paths are initialized and/or configured. For 
example, a path can include digital and analog circuitry of 
an associate DSL modem that is coupled to communicate 
over a subscriber loop, such as a POTS line. The initializa 
tion can occur in response to a command from an operator, 
Such as may be entered at a control console or computer 
located at a central office of a DSL provider. 

0070. At 510, a REVERB signal is transmitted over a set 
of tones. The set of tones can include a set of frequencies 
that overlap between the transmit and receive paths of the 
DSL system. At 520, a response to the transmitted signal is 
received. An average of the response is determined at 530 
over a set of symbols (e.g., about 4000 symbols), such as for 
symbols in each of a plurality of samples. At 540, an actual 
response is computed. The actual response can be computed 
in the time domain or the frequency domain. For example, 
an echo magnitude response can be computed in the fre 
quency domain by dividing out the transmitted portion of the 
signal from the response received at 520. 

0071 At 550, a determination is made as to whether any 
a priori information has been entered for the loop being 
tested (e.g., entered at 500 in connection with instructions to 
initiate SELT). For example, the a priori information can 
include one or more characteristics known about the loop 
being tested, such as gauge of line, termination type and the 
like. If a priori information has been entered (YES), the 
method proceeds to 560 in which a table mask is generated 
based on the a priori information. The table mask is 
employed to exclude entries from the table that do not 
comport with the a priori information. Thus, only those 
entries that match the characteristics entered as a priori 
information need to be utilized for subsequent analysis. If no 
a priori information has been entered for the loop (NO), the 
method proceeds from 550 to 570 without generating a 
mask, such that all entries are considered during Subsequent 
analysis. Also, from 560, the method proceeds to 570. 

0072 At 570, selected data for a given entry in the table 
is converted to an expected response, such as a correspond 
ing echo frequency response for a known loop configuration. 
The selected data can correspond to a set of coefficients that 
define a polynomial over a range oftones associated with the 
loop configuration for which the expected response was 
generated. At 580, the actual response generated at 540 is 
compared to the expected response from the table. The 
comparison, for example, can include a mean square error or 
other minimization function operative to ascertain an indi 
cation of the difference between the actual response and the 
expected response. At 590, the results of the comparison (at 
580) are stored, such as can include an error value. Thus, the 
response that provides the minimum error value (or at least 
means for accessing loop configuration data associated with 
such response) can be stored at 580. Alternatively, all results 
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and an identification of the expected response for a respec 
tive loop configuration can be stored at 580. 
0073. At 600, a determination is made as to whether any 
additional entries exist in the table for evaluation relative to 
the actual response. If additional entries do exist (YES), the 
proceeds to 610 to access the next entry in the table, and the 
method returns to 570 to evaluate and compare the expected 
response for this next entry. It will be appreciated that if a 
priori information was entered, one or more entries can be 
removed from consideration so that the method can imple 
ment more quickly. The accuracy of the SELT can also be 
improved, as there will be a reduced likelihood of false 
positive results if some of the entries are removed from 
consideration. If no additional entries exist at 600 (NO), the 
method proceeds from 600 to 620 in which a loop configu 
ration for the loop being tested is identified. The identifica 
tion, for example, can be made based on the results stored at 
590, such as corresponding to the loop configuration that 
provides a minimum error. 
0074 What have been described above are examples of 
the present invention. It is, of course, not possible to 
describe every conceivable combination of components or 
methodologies for purposes of describing the present inven 
tion, but one of ordinary skill in the art will recognize that 
many further combinations and permutations of the present 
invention are possible. For example, while the systems and 
methods herein have generally been described in the context 
of modems for digital Subscriber lines, the systems and 
methods can be applied to various other types of wired 
communication systems where line testing may be desired. 
Accordingly, the present invention is intended to embrace all 
Such alterations, modifications, and variations that fall 
within the spirit and scope of the appended claims. 
What is claimed is: 

1. A system to determine at least one characteristic 
associated with a subscriber loop, comprising: 
memory that stores data indicative of signal responses and 

loop characteristics for a plurality of loop configura 
tions; and 

a processor programmed to ascertain at least one loop 
characteristic associated with the subscriber loop based 
on evaluation of data associated with a signal response 
received via the subscriber loop relative to at least a 
portion of the data indicative of signal responses stored 
in the memory. 

2. The system of claim 1, wherein the stored data further 
comprises coefficients that represent at least a portion of a 
signal response associated with each of the plurality of loop 
configurations. 

3. The system of claim 2, wherein the coefficients corre 
spond to coefficients of a polynomial approximation for each 
of a plurality of the signal responses for the plurality of 
Subscriber loop configurations. 

4. The system of claim 3, wherein the stored data further 
comprises data that defines a frequency range for the poly 
nomial approximation for each of the plurality of the signal 
responses for the plurality of loop configurations. 

5. The system of claim 2, further comprising a converter 
that converts the coefficients associated with a given loop 
configuration to a corresponding signal response represen 
tation, the processor ascertaining the at least one loop 
characteristic based on analysis of the signal response rep 
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resentation relative to a response computed based on the 
signal response received via the Subscriber loop. 

6. The system of claim 1, wherein the at least one loop 
characteristic further comprises at least one of loop length, 
gauge, and termination type of the Subscriber loop. 

7. The system of claim 1, wherein the processor deter 
mines the at least one loop characteristic according to which 
of the plurality of loop configurations provides a minimum 
difference between the signal response received via the 
Subscriber loop and frequency responses corresponding to 
the data stored in the memory for the plurality of loop 
configurations. 

8. The system of claim 1, wherein the processor deter 
mines the at least one loop characteristic based on an echo 
frequency response that is computed based on the signal 
response received via the Subscriber loop in response to at 
least one test signal transmitted to the Subscriber loop. 

9. The system of claim 8, wherein the processor employs 
the echo response in one of the frequency domain and the 
time domain, according to which type of data is stored in the 
memory as the data indicative of signal responses for the 
plurality of loop configurations. 

10. The system of claim 1, further comprising an interface 
operative to input at least one a priori information associated 
with the Subscriber loop, the processor employing the a 
priori information to select which of the plurality of loop 
configurations are employed to determine the at least one 
loop characteristic. 

11. The system of claim 1, further comprising a calibra 
tion function operative to enable the processor to account for 
and to mitigate process variations associated with at least 
analog portions of a transmit and receive path communica 
tively coupled with the subscriber loop. 

12. The system of claim 1, wherein the memory further 
comprises a data structure that includes at least one response 
field for storing coefficients that represent the data indicative 
of a signal response for each of the plurality of loop 
configurations, and at least one field, which is associated 
with the at least one response field, for storing at least one 
predetermined loop characteristics for each of the plurality 
of loop configurations. 

13. The system of claim 2, wherein the stored data further 
comprises data indicative of signal responses that represents 
an average indication of signal responses for a plurality of 
analog front ends associated with each of the plurality of 
loop configurations. 

14. A system to determine at least one characteristic of a 
communications medium, the system comprising: 

a measurement component that determines an indication 
of a response received from the communications 
medium in response to a test signal transmitted over the 
communications medium; 

a data structure that includes signal response data for a 
signal response associated with each of a plurality of 
known configurations of the communications medium, 
the data structure including at least one characteristic 
associated with each of the plurality of known configu 
rations of the communications medium; and 

an evaluator that evaluates the indication of the response 
received from the communications medium relative to 
the signal response data of the data structure to deter 
mine the at least one characteristic of the communica 
tions medium. 
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15. The system of claim 14, wherein the data structure 
comprises a preprogrammed table. 

16. The system of claim 14, wherein the signal response 
data associated with each of the plurality of known configu 
rations of the communications medium further comprises 
coefficients generated to define at least a portion of a signal 
response for each of the plurality of known configurations of 
the communications medium. 

17. The system of claim 16, further comprising a con 
verter that converts coefficients for a selected one of the 
plurality of known configurations to a corresponding signal 
response, the evaluator determining the at least one charac 
teristic of the communications medium based on the corre 
sponding signal response relative to the indication of the 
response received from the communications medium. 

18. The system of claim 17, further comprising a selector 
that accesses the data structure to provide the selected one of 
the plurality of known configurations to the converter. 

19. The system of claim 18, further comprising an inter 
face operative to input a priori information associated with 
the communications medium, the selector masking out the 
plurality of known configurations based on the a priori 
information to facilitate the determination of the at least one 
characteristic of the communications medium. 

20. The system of claim 14, wherein the at least one 
characteristic further comprises at least one of loop length, 
gauge, and termination type of the communications medium. 

21. The system of claim 14, wherein the communications 
medium comprises a Subscriber loop of a digital Subscriber 
loop system. 

22. The system of claim 20, wherein the signal response 
data associated with each of the plurality of known configu 
rations of the communications medium represents an aver 
age indication of responses for a plurality of analog front 
ends associated with each respective one of the plurality of 
known configurations. 

23. The system of claim 14, wherein the measurement 
component provides the indication of the response received 
from the communications medium as an echo frequency 
response computed based on the response received from the 
communications medium. 

24. The system of claim 14, further comprising a calibra 
tion function operative to adjust the indication of the 
response received from the communications medium to 
mitigate process variations associated with at least analog 
portions of a transmit and receive path communicatively 
coupled with the subscriber loop. 

25. The system of claim 14, further comprising a digital 
signal processor, the measurement component and the evalu 
ator comprising computer executable instructions executed 
by the digital signal processor. 

26. A system to determine at least one characteristic 
associated with a subscriber loop, comprising: 
means for providing an indication of a signal response 

during a test mode in response to a test signal trans 
mitted over the subscriber loop; and 

means for identifying the at least one loop characteristic 
based on comparing the indication of the signal 
response relative to a plurality of expected responses 
associated with known loop configurations. 

27. The system of claim 26, further comprising means for 
storing corresponding coefficients that represent each of the 
plurality of expected responses associated with known loop 
configurations. 
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28. The system of claim 27, further comprising: 30. The method of claim 29, further comprising deter 
mining an average response for symbols in each of a 
plurality of samples of the received signal response, the 
actual response being determined based on the average 

means for converting the coefficients for at least some of 
the known loop configurations into corresponding 
responses; and 

response. 
means for evaluating the corresponding responses relative 31. The method of claim 29, further comprising generat 

to the indication of the signal response to determine the ing a mask based on a priori information for the Subscriber 
at least one loop characteristic for the subscriber loop. loop that is received prior to initiating the transmission of the 

29. A method comprising: test signal. 
32. The method of claim 29, wherein the actual response 

for the Subscriber loop comprises an echo frequency 
receiving a signal response to the at least one test signal; response. 

33. The method of claim 29, wherein the stored response 
data further comprises stored response data generated as an 
average indication of responses for a plurality of analog 

transmitting at least one test signal over a subscriber loop; 

determining an actual response associated with the Sub 
scriber loop based on the received signal response; 

comparing the actual response relative to stored response front ends associated with each of a plurality of predeter 
data for at least one expected response for at least one mined loop configurations. 
predetermined loop configuration; and 34. A digital signal processor programmed to perform the 

identifying at least one characteristic of the subscriber method of claim 29. 
loop based on the comparison. k . . . . 


