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Field of the Invention

This invention relates to a device and method for detecting PCM upstream
digital impairments and using the detected impairments to estimate the analog
channel characteristics and PCM downstream echo to improve PCM upstream

15 iransmission.
Background of Invention

Conventional modems, such as V.34 modems, treat the public switched
telephone network {PSTN} as a pure analog channel even though the signals
are digitized throughout most of the network. In contrast, pulse code modulation

20 (PCM) modems take advantage of the fact that most of the network is digital and
that typically central site modems, such as those of internet service providers and
on-line services, are connected to the PSTN via digital connections (e.g., T1in
the United States and E1 in Europe). First generation PCM modems transmit
data in PCM mode downstream only {i.., from a central site digital modem to an

35 analog end user modem) and transmit in analog mode, e.g. V.34 mode,
upstream (i.e., from the end modem to the central site modem). Second
generétion PCM modems will also transmit data upstream in PCM mode.

With PCM downstream, the central site PCM modem transmits over a
digital network eight bit digital words (octets) corresponding to different central
30  office codec output levels. At the end user’s central office, the octets are



25 analog end user nodem and transmt in anal og node, e.g. V.34 node,
upstream (i.e., fromthe end nodemto the central site nodem. Second
generation PCM nodens will also transmt data upstreamin PCM node. Wth
PCM downstream the central site PCM nobdemtransmts over a digital network
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10 loss {in the US, typically 0, 3 or 6 dB) caused by dlgltal padding and robbed bit
signaling (hereinafter referred to as RBS), caused by the networks in-band
signaling, the octets transmitted both in the upstream and downstream directions
may be corrupted. If not accounted for, this can cause high data error rates in the

modems.

15 Many modern digital networks which may carry PCM modem data are
constructed as T-carrier systems that use robbed bit signaling. The digital data
transmitted over these networks is grouped into octets (eight (8) bits) and the
octets are grouped into frames (twenty four (24) octets). in FIG. 1 there is shown
a frame 10 containing twenty four octets, Oy-O,,. The frames transmitted over the

20 network are continuous, and the single 24 octet frame 10 is shown for descriptive
convenience only. Certain octets are affected by RBS. The network uses the
least significant bit (LSB) position of the affected octets to carry data to perform
control functions in the network. Thus, for example, the first octet, O,, may be
affected by a type of RBS that forces the LSB of that octet to one, odd RBS, as

25 indicéted by the “F” in that octet. (The designation "NC” means “no change”).
Depending on the octet of data carried in that interval, RBS may change that
octet's data. In particular, if that octet had a zero in its LSB, RBS alters that octet.
if, however, that octet had a one in its LSB, RBS would have no affect on the
octet from the end-user’s perspective. '

30 It has been observed that RBS has deterministic periodicity with periods of
six or twenty four octets. In this example, the RBS period is twenty four. Since
RBS recurs every twenty four octets, the octets can be viewed as appearing ina



nmodens. 15 Many nodern digital networks which may carry PCM nodem
data are constructed as T-carrier systens that use robbed bit signaling.
The digital data transmitted over these networks is grouped into octets

(eight (8) bits) and the octets are grouped into franes (tms)ﬁli@ﬂr (24)

octets). In dssdsok here is shown a frame 10 containing twenty ?our octets,
Jerr]-Jerr]. The franmes transmtted ogyer the 20 network are continuous,
and the single 24 octet frame 10 is shown for descriptive conveni ence only.
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PCT/ US98/ 247§€pticaﬁons, assigned to the assignee of the present invention: US Apl. Ser. No.

10 08/885,710, entitled Devi nd M for D
izing Impair in jcati work: filed 6/30/97; US Apl.
Ser. No. 08/730,433, entitied System And Device For, And Method Of,
Detecting. Charadtetizi : inietic Di : A

15 i M ing | ir i
Network, filed 11/26/87; and US Apl. Ser. No. 08/979,196, entitled, Apparatus.
m M r itting An iving A Trainin
imi r i r ication N , filed
11/26/97. Thesé applications are incorporated herein in their entireties.
20 With downstream transmission, the points transmitted over the digital

network are known and this information is used for digital impairment detection
according to the above referenced applications. However, with upstream
transmission, before determining digital impairments, downstream PCM echo
and the characteristics of the analog loop (channel), the points transmitted over
25 the di'gital channel are unknown and the techniques for detecting digital
impairments described in the above applications are not applicable to upstream
transmission.
¢ Therefore, a need exists for a device and method for detecting PCM
upstream digital impairments to improve PCM upstream transmission. This
s0  information can also be used to estimate analog channel characteristics and
PCM downstream echo to further improve PCM upstream transmission.



3 basic period 12 of twenty four tinme slots or intervals , 0-23, which may
or may not be affected by RBS. For exanple, octet (JQerr], appears in slot
"0" which is affected by RBS, while octet Jerr], for exanple, appears in
slot "1" and is unaffected by RBS. It should be noted that due to the

nat ure of th%@&}g}%’e&k& it is possible to 5 have nore tiamRaB7RBS
affected interval™in the basic period of twenty four, as evidenced by
affected octet Jerr]. Methods for detedting and mitigating downstream
digital inpairnents are known. Exanples of these nethods are described in

the foll ow - di ) i.cat i ' ' f th
present i nvent i ont US Apl - BRst DigsHbip BReEralads 7T 2075 ot om

Devi d Met hod f Det ect i d terizi | ' .
Communi cat on NeFWor s 3tees!gsast opus apf o &tk NP SRRFBRRItEE () o

System And Devi Cgydos js £PgciBiabffh Gépic@? BCM Wjetréaanamsmissiomg And
Mtigating Determnistic Distortion In

Communi cati ons twork. filed
10/ 15/ 96; US Apl . Fiar3 is\an eqayalers dipgrete it klpckdiagrgm 3@%5@ @W'Bé)!fand
Met hod fgr ﬁéﬁgti ng I npairnents in a Conmuni cation Network, filed
11/ 26/97; a Apl . Ser. No. 08/979, 196, entitled, Apparatus, System And
Met hod For Tr ansFiGi4 isghéweduiRelent disereteipsiraamibinpk diagin & F&33 i zed For

Det ecting | | r.ment s | ' s 11/ 26/ 97. These
applicati Ongﬁﬂp@ng ﬁ%%?%é%tmke%elﬁﬂ%ﬁﬂ? err éﬁr?[%ééf{)@gs. 20 . Wth
downstr eam t r ansFiGsH an dxmngleohas otclrencs tabielacopading tethis Givertiothet wor k
are known and this_i rmation is,used faor.dlgi e ] ' det ection
according to the Fi%o%?sr%ﬁ %’faé'?ﬁ!ﬁ(?f ﬁ’ﬂfﬂvie se?tﬁ"&‘h%%%@e%?é,&gﬁ h)upst ream
10 according to this invention;
FIG. 6B Is another example of an inverse digital-impairment table (IDT)
according to this invention;
FIG. 6C is yet another example of an inverse digital-impairment table (IDT)

according to this invention;
15 FIG. 7 is a flow diagram depicting upstream digital impairment detection

according to this invention;
FIG. 8 is a flow diagram depicting RBS2 detection according to this
invention;
FIG. 9 is a flow diagram depicting digital loss detection according to this
20  invention;
FIG. 10 is a flow diagram depicting RBS1 detection according to this
invention; -
FIG. 11 is the equivalent diécrete upstream block diagram of FiG. 3 in the
absence of PCM downstream echo;
25 FIG. 12 is a block diagram of an analog channel estimator in accordance
with this invention;
FIG. 13 is a block diagram of a PCM downsiream echo estimator in
accordance with this invention; |
FIG. 14 depicts certain of the p-law quantizer thresholds and how the

30 thresholds are altered in the presence of RBS;



transm ssion, before determning digital inpairnments, downstream PCM echo
and the characteristics of the analog |oop (channel), the points

transmtted over 25 the digital channel are unknown and the techni ques for

detecting digital inpairnments described in the above appl iig(ta't/ﬁs?m.,ﬁre not
applicabl e t wopsusoeam transm ssion. Thgrefore, a need existS for a device
and nethod for detecting PCMupstreamdigital inpairnents to i nprove PCM

upstreamtransmnission. This 30 information can als timte
anal og channel cRig.46tdepicts theatamy ib GWE‘?’?’B%@%%‘?# TGﬁ4r %rﬁde?éi npr ove
PCM upstream transm. ssi : is i tion;
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di screte ti oWsS W&Cﬁgﬁwgﬁ'ﬁmgg‘%ﬂ%ﬁﬂﬁ’g@%‘é ﬂ5°§ FIG 2; FIG 4 is
the equiyal ent digsretie atiedk diagrant otcén eitegicatnP&iM BpensteameriRii ng t he echo

path caused by downstreamtransnjssion..FI-G 5 is an exanple of an
occurrence t%ﬁh‘@’ftﬁdﬁéﬁ‘éﬁrﬁ@‘qed”‘mtgs eI 809 Fic 6A is an exanple of an

i nverse di gital - i@al g Reblobieiagram Ban error signal generator in accordance with

this invention.

Detailed Description of a Preferred Embodiment

10 Bi-directional PCM communication is described in US Application Serial
No. 08/724,491, entitled Hybrid Digital/Analog Communication Device, which is
: assigned to the assignee of the present inivention and which is incorporated
herein in its entirety by reference. In FIG. 2 there is shown block diagram 20, an
example of PCM upstream transmission in such a bi-directional PCM
15 communication system. There is included analog PCM modem 22, having a
precoder 24, prefitter 25 and a digital to analog converter (D/A) 26,
interconnected to analog channel 28. Precoder 24 receives digital data u(n) and
outputs precoded data x{n). The precoded digital data is provided to prefilter 25
which outputs filtered signal z(n). Filtered signal z(n) is converted to analog form
26  and is transmitted as signal, z{t), over analog channel 28, having a channel
characteristic, ct). The analog channel modifies the transmitted signal z(t) to
form signal y(t) which then encounters downstream PCM echo, echoft) 30, that is
added to y{t), producing signal r{t). Signal r{t} is received by p-law (A-law in
most countries outside of the US) quantizer 34 in central office (CO)32andis
25 ° quantized according to the u-law. See International Telecommunications Union,
Recommendation G.711, Pulse Code Modulation {(PCM) of Voice Freguencies,
1972,
"The quantized octets (digital values), g(n}, are transmitted over digital
network 36 at a frequency of 8kHz where they may be affected by various digital
30  impairments, as discussed below. The possibly affected octets, v(n), are



10 according to this invention; FIG 6B is another exanple of [
digital-inpairnment table (1DT) according to this invent im(;n; FI Gan6|Cn?/gr§:t
anot her exanple of an inverse digital-inpairment table (1DT) according to
this invention; 15 FIG 7 is a flow diagram depicting upstream
g: gl ﬁ:lm hgpﬁg{org% etection according to this invention; _pE’It@S9@4733 a flow
grar p g RBS2 detection according to this invention; FIG 9 is a
fl ow di agram depicting digital |oss detéction according to this 20
invention; FIG 10 is a flow diagram depicting RBS1 detection according to

this invent iveld At ; ‘1ol h .
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’ achieved by learning the clock from the downstream PCM signal (not shown)
and synchronizing the clocks using the technique proposed in US Patent No.
5,109,048, entitled First and Second Digital Rate Converter Synchronization
Device and Method, incorporated herein by reference in its entirety. Once the

clocks are synchronized, PCM upstream block diagram 20, FIG. 2, can be-

0 represented as equivalent discrete time block diagram 20", FIG. 3, with like
components being represented by the same reference numbers containing a
prime {*). In block diagram 20’ we assume that {, = f,; however, it must be noted
that {, does not have to be equal to f,as long as the two clocks are synchronized.
When {, is equal to f, ,n is the time index for 8kHz samples, since the clock (f,) of

15 CO 32 is fixed at that frequency.

Precoder 24 (24) and prefitter 25 (25') may be implemented as described
in co-pending application entitled Device and Method for Precoding Data
Signals for Pulse Code Modulation (PCM) Transmission, US Apl. Ser. No.
08/099,249, filed December 29, 1997 (CX096044P02), which is assigned to the

20  assignee of the present invention and which is incorporated herein in its entirety
by. As explained in this co-pending application, digital data u(n} may be sent by
transmitting z{n) such that the constellation points y(n) wili be one of a number
of points in an equivalence class for u{n). The point y(n) in the equivalence class
of u{n") that is selected is usually determined to minimize the transmit power

25 whichis the powér of x(n).

In a co-pending application entitled System, Device and Method for PCM
Upstream Transmission Utilizing an Optimized Transmit Constellation, US Apl.
Ser. No. 08/994,254, filed December 29, 1897 (CX097028), which is assigned 1o

- the assignes of the present invéntion and which is incorporated herein in its

30 entirety by reference, it is shown how to design the constellation for y(n) to

decode y(n) (and eventually ﬁ(n)) from v{n) in the presence of echo, the p-law
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10 the downstream channel 43 of digital network 36" there is shown a first
" ocecutrence of RBS, designated DS RBS1 44, which occurs before digital loss,
designated DS digital loss 46, and a second occurrence of RBS, designated DS
RBS2 48. The octets exiting digital network 36’ are designated p(n). The
possible types of DS RBS1 44 are no RBS, even RBS (LSB=0) and odd RBS
15 (LSB=1). The possible types of DS RBS2 48 are no RBS, even RBS, odd RBS
and midpoint reconstruction RBS.
As described above in the Background of Invention, RBS may vary
according to time slot. in contrast, digital loss is not time varying, i.e. the digital
loss is the same for all time slots. Theré are a number of possible digital losses
20 that could affect downstream channel 43 of digital network 38, such as, .5dB,
1dB, 1.5dB, 2dB, 3dB, 4dB, 4.5dB, 5dB, 6dB, 7dB or 10.5dB. See International
Telecommunications Unien, ITU-T, Recommendation G.121, Loudness Ratings
(LRs) of National Systems, March, 1993). Also, downstream channel 43 of
digital network 36’ may be unaffected by digital loss, often referred to as 0dB
25 loss. The most common types are 3dB and 6dB Ioss and no digital loss (0dB).
The detection of downstream digital impairments, i.e. DS_ RBS1 44, bS
digital loss 46, DS RBS2 48, can be found in the co-pending patent applications
referred to above. _
The octets, p(n), exiting digital network 36’ are received by u-law digital to
30  analog converter (D/A) 50 in CO 32 which outputs corresponding analog levels (
p-law levé!s) that are transmitted to analog PCM modem 22", This portion of the
downstream transmission is not depicted; however, the echo, echo (n) 30',



formsignal y(t) which then encounters downstream PCM echo, echo(t) 30,
that is added to y(t), producing signal r(t). Signal r(t) is received by
[err]-law (A-law in nost countries outside of the US) quantizer 34 in
central office (CO 32 and is 25 quantized according to the [err]-law. See
International T ‘)Iﬂe?ogmruni cations Union, Recommendation G 7drusesnaas: Code
Modul ation ( 31 Voi ce Frequenci es, 1972. The quanti zed octets (digital
val ues), q(n), are transmtted over digigtal network 36 at a frequency of
8kHz where they nmay be affected by various digital 30 inpairnents, as

di scussed b Whkifeh hembtbsil fptesentat by 8eno channel 58/ 34504
BCT Uoe) 24 Figdcetly RO e e e
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FIG 2, can be- |norderto represent all possible combinations of digital impairments in

upstream channel 53 of digital network 36’ there is shown a first occurrence gf

RBS, designated US RBS1 54, which occurs before digital loss, designated US

10 digital loss 56, and a second occurrence of RBS, designated US RBS2 58. The
possible types of US RBS1 54 are no RBS, even RBS (LSB=0) and odd RBS
(LSB=1). The possible types of US RBS2 58 are no RBS, even RBS, and odd
RBS. Midpoint reconstruction RBS does not occur in the upstream channel. The
possible types of US digital loss are the same as on the downstream channel.

15 The most common types in the United States are 3dB and 6dB loss and no
digital loss (0dB) and this invention is described with regard to these losses.
However, the principles of the invention may be readily applied to any tevel of
digital loss.

The detection of upstream digital impairments, i.e., US RBS1 54, US

20  digital loss 56, and US RBS2 58, according to this invention, is described first
below. Then, the estimation of the analog channel, ¢{n}, in the presence of these
detected digital impairments and the estimation of the downstream PCM echo,
echo (n), introduced into the upstream PCM transmission, and echo variance, 6,2
, according to this invention, are described. The upstream digital impairments,

25 the estimation of the analog channel, ¢{n), and echo variance are transmitted to
analog PCM modem and may be used by that modem to select the appropriate
transmit constellation, as described in co-pending US Apl. Ser. No. 08/999,254
(CX087028). The upstream digital impairments, the estimation of the analog
channel, c(n), and the echo variance may alternatively be used by the digital

30 PCM modem to improve decoding performance.



10 represented as equi valent discrete time block diagram 20', FIG 3,
with |i ke conponents being represented by the sane reference nunbers
containing a prine ('). In block diagram 20' we assune that f[err] =
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(or y(n) in the absence of echo (n) 30°) will be quantized, qfn), by the p-law
quantizer 34. The octets, q(n), pass through digital network 36’ and digital
modem 38' receives v(n), the digitally impaired version of g{n). Since the digital
15 impairments are unknown, q(n) cannot be derived from v(n).
The basic idea of detecting upstream digital impairments by PCM digital
modem 38", according to this invention, involves observing the distribution of
received octets v(n) at each RBS time slot during the training sequence, or after it
is completed, to determine the impairments, both RBS and digital loss, affecting
20  the upstream PCM éhannek of the digital communication network during each
RBS time slot. A preferred technique for detecting digital impairments according

to this invention is described as follows.
First, a distribution of received octets v(n) for each RBS time slot is

collected by, for example, establishing an occurrence table 60, FIG. 5, that

25 maintains a count of the number of times each of the possible received octets 0-
127 {the constellation of digital values) have been received in each RBS time
siot. There are actually 256 possible u-law octets, 0-255, that can be received,
half are positive and the other half are negative with corresponding magnitudes.
In the preferred embodiment, the received octets are converte_gl _Eq__bit im_ferted

30 octet (BIOS) form. Thatis, each bit of the received octets is inverted and all
octets referred to herein are assumed to be in BIOS form unless otherwise
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quanti zer and digital inpairnments with a certain mninumerror probability.
This application also describes how digital PCM nodem 38" decodes u(n) from
v(n). Discrete tine block diagram 40, FIG 4, shows the equivalent discrete
upstream bl oc&og;&ggpm 20" together with the echo path 42 parrugsd’2zep4 5
downstream transm ssion fromdigital POd® nodem 38" . Digital PCM nodem 38’
transmts octets, s(n), downstream over digital network 36'. The octets

s(n) may be gtf; b, [ Blaw S8 03T & five dStetoE d2&265 srgnal i ng
and digital sﬁéé'{i&%ﬁqdéﬁgisﬁgﬁﬁﬁg{a\#o% 36' , carSsF?‘dri:;gi tehe octets s( n%y tg be
modi fied. | megatierodtetsr Bpsituencteti, whemssisDHi-e 120 nenchaggalng oetet thayetap

impairments in 10 .fhe L L annel 43 of digital network 36" there

i s shown a ﬁﬁm-mﬁgﬁﬁﬂdgeﬁ@\égb@%&%g%g%esi gnated ‘DS RBS1 44, which occurs

before digital | qggcoisicsratiesoRbcotirgiof the Aumsber o6timasgach sdebifid occurrence

of RBS, designated DS RBS2 48. 'The octets exitin L GH 36' are

desi gnat 8d eesivecTROg538SS B 1S $Ghd3 n@ﬁn‘?@g&%&%ﬁg&a&g&%w}é@g%ﬁ ;BS

(LSB=0) and ok the ThBaiPaest dngitibl Refscting RS digR8Pnet®ors, e no
R T e e ety et oy B

RBS, even m dpoi nt reconstruction RBS. As described above
in the Backgeesind-biw dctewsmwill oot beRRSeivey. Far gxamperiniaRie 6, H1awodes!, | n

sane for al 154148 oty zopeiFaodt e brPastafrieh g v Ses 20
that coul d aLfgedq HRWELIERIRE TS SR Rw Biteistshbwhchamely, B ... aeth as,
S48 10 have been received X, , X, , X, ... imes, respectively.

When the training sequence is terminated, or preferably duting the
training sequence, the distributions of received octets v(n) are analyzed to
determine the impairments affecting the upstream PCM channel of the digital
communication network. As desctibed above, the most common digital

15 impairments are RBS1={0,1,NoRBS}, digital loss = {0dB, 3dB,6dB}, and RBS2 =
{0,1,NoRBS} and each RBS time slot in a given digital network may be affected
by any combination of these impairments. A combination of impairments may be
referred to herein as an impairment condition. For each digital impairment
condition, an inveée digital-impairment table (IDT) whose first column contains

20 all possible octets v{n), 0-127, that may be teceived by digital modem 38" and
the remaining columns are the possible g(n) octet(s) input to the digital network
36’ that produce the received octets v(n) under the specified impairment
condition of the table.

Table 70, FIG. 6A, Is an example of an IDT table for the following

25  impairment condition: RBS1=No RBS, digital loss=0dB, RBS2 = 1._ In this table,
it can be observed that, for example, both p-law octets q(n), and g(n),, 0 and 1,
input to a digital network affected by the above impairment condition, will be
mapped to a single received octet v(n), 0. As noted above, due to the
impairment condition in the network, there are certain octets, v(n), that cannot be

30 received, regardiess of the y-law octets input to the digital network. Thus, there
are no q(n) entries in the IDT table corresponding to these octets, v(n). These



1dB, 1.5dB, 2dB, 3dB, 4dB, 4.5dB, 5dB, 6dB, 7dB or 10.5dB. See

I nternational Tel ecommunications Union, ITUT, Recomrenda"t ilon G 121
Loudness Ratings (LRs) of National Systems, March, 1993). Also downst r eam
channel 43 of digital network 36' may be unaffected by di gi’d':ﬁbs’sh@&s:s of ten
referred to &40 S0 5 | oss. The nost common types are 3dB and 6dB | oss
and no digital loss (0dB). The detectiopjof downstreamdigital inpairnments
i.e. DS RBS1 44, DS digital |oss 46, DS RBS2 48, can be found in the ’

co- pendi ng patent  appli.cati . ; ; .
digital net vﬁﬂqu‘ﬁ?"?ﬁkrh eﬁg@g{h@%rr E;&E?ﬁpflﬁ'ﬁa@g?l ??f{gtlee;?ﬂésbss;gm(y;%ull exiting
converter ([D¥aiite50nilDTEEDISZD, ibrectredulpotris g@ﬁqc@gﬁﬁ)wm ﬁgog%gﬁg@ level s (

[€rTr]-Taw level s) .that a r.ansm, t I ng{lﬂq@g ' i
. H i T
portion of tfﬁéelélﬁ‘évﬁgtﬁﬁeﬁ{ﬂ?'t{'asﬁsir?-}sst}%%u%éguﬁ%?tﬁ%gﬁct ed: ﬁghmcgg%r: [”hz echo

v

E‘é?? U(Sgé ) gg%?ogia% &3@{ Ibgﬁg"éle ’ﬁ), these octets cannot be received. The reason for
roauce t d . sl
echo chamnel thisds (tivpattih’:p @%ﬁﬁi pc‘f@’?%f}aglvétn%gﬁ['é ﬁr}b&lﬁ %%gglﬁlﬁg&gﬁ g&ﬁps_srﬁgm ed by

downst r eam PCM. o : /
channel y(n) e \bh BRES orke bndGince iRBSBidG the 58 bealbrecpived obtetis anal og

34" in cent rmicerftbiaczers GopIa8 Torms Thisig toader 2l B aps witf FiEsaly dan ! zer
over upstr oam onairg S5y bhyiEian hambll SFapRESIE henelolosinget & o aln).
impairment condition: RBS1=No RBS, digita! loss=0dB, RBS2 = No RBS,_ Since
10 there are no impairments associated with this table, it can be observed that there
are no null points and, although they are not all shown, all g{n) octets input to a
digital network with no impairments will produce the same octets at the output of
the digital network,
Table 90, FIG. 6C, is an example of an IDT table for the following
15 impairment condition: RBS1=No RBS, digital loss=6dB, RBS2 = No RBS._ With
this table, it can be observed that there are a number of received octets which
are produced by two different p-law octets q{n), and g(n), . And, although they
are not all shown, the only null points are associated with this table are the
largest received octets, v(n), such as octets larger than 111, Sometimes, these
20 large p-taw octets are not excited during the training sequence, especially when

the analog channel has a significant loss. So, if the large p-law octets in the
occurrence table 60 have not been received it is unclear whether it is due to the
fact that the large ji-law octets were not excited during the training sequence Or
that they were excited but the impairment condition associated with IDT table 90
25  affected the network in such a way to produce null points for these large p-law

octets.

_The above described IDT tables are only exemplary and it will be
apparent to one skilled in the art that an IDT table must be established for ali
expected impairment conditions. Moreover it will be apparent to one skilled in

30  the art from the above description how to construct all necessary IDT tables. It
should be noted that while the IDT tables shown in FIGS. 6A-C have at most two



In order to represent all possible conbinations of digital inpairnments in
upstream channel 53 of digital network 36" there is shown a first
occurrence of RBS, designated US RBS1 54, which occurs before digital |oss,
designated US 10 digital loss 56, and a second occurrence of RBS,

desi gnat ed U%,@;;%gs 28. The possible types of US RBS1 54 arreMisofiBB4 even
RBS (LSB=0) and o c? RBS (LSB=1). The possible types of US RBS2 58 are no
RBS, even RBS, and odd RBS. M dpoint rebbnstruction RBS does not occur in
the upstream channel. The possible types of US digital |oss are the sane as
on the downsigseids ghpnalebs fota redéivedrostet voforcartaieimpament CORNE St at es
are 3dB and 6dB | oss and no digital.lo Ik Saal i t

descri bed vvi*hﬁ"erfﬂahgﬁ "t“?fettm’é& Relssiple a@)&g@% “@ﬁﬁ‘e& rgé@ﬁﬁﬁtgbg;b Cﬁhe
ijnventi on n]xca\)(npe r eadi Lly app: ied to any level of digital |loss. The 4 gital
etection of 'upstreamdigital inpairments..i.e. igita
| oss 56, and US HmBspdesgo Stﬁtpcliﬁ’rtaf’H&S?r?ﬁ‘?ﬁi%’mwg?ﬁniyaﬁé@f%" esogy ﬁ%?a(g first
bel ow. Then, L } dehésti iPBe Glasdrivel, ustngrg hypathdtieal, pr esence of
t hese de?ecttgghﬁ}%@tbgr% Qigr?ﬁr;en.ts lg-ﬂgwmtphe estinat] gﬁ, ofyp h@#jo stream PCM
echo, echo (siinplifient digital networkheving onliptherfeligwingian MBRLResL FIPAIRY- echo
variance, [err] according to this invention, are described. The upstream
digital inpairnents, 25 the estimation of the anal og channel, c(n), and
echo variance are transnmtted to anal og PCM nodem and nay be used by t hat
nodemto select the appropriate transmt constellation, as described in
co-pending US Apl. Ser. No. 08/999, 254 (CX097028). The upstreamdigital

i mpai rmepts, the estim@gion of Digitaldpetog ch&@BBI , c(n), and the echo
varjance may alternat IN\éelJ!nge Lb%%d by the di %}tﬁés

No RBS 0dB 1
No RBS 3dB No F{BS
No RBS 3dB 1
15 1 3dB No RBS
1 3dB 1
NoRBS  6dB No RBS
No RBS 6dB 1
1 . 6dB No RBS
20 1 6dB 1

it will be apparent to one skilled in the art how to expand this example
and apply the invention to all possible impairment conditions expected for a
particular application.

25 Digital impairment detection according to this invention is depicted in flow
diagram 100, FIG. 7. in the preferred embodiment, it is assumed that RBS
occurs in a petiod of 24 octets, as described in the Background of invention.
Therefore, RBS1 and RBS2 must be detected for each RBS time slot or interval,
0 through 23.

30 In step 102, the octets transmitted in the random training sequence are
recelved from the digital network. As described above, impairment detection
may be carried out during the training sequence or after it has terminated. In



80 PCM nodem t o i nprove decodi ng performnce. WO 99/ 34504
o - PCT/ US98/ 24734 Digital Inpairment Detection Unlike
downstream di gi tal inpairnent detection, we do not have control over, or

know edge of, the precise input, octets q(n), to digi '
: , , gital neinwnindads | -
because the wos8¢0&€hannel characteristic, c(n), is not initially known.

This 5 invention utilizes a random yseference directed training
sequence, z(n), to detect digital inpairnments. A randomtraining sequence,

A essent | asiep tihusctaipHPEET M BoslyBa RE R et e e Terr] | aw
e gy emarymmrciicfe B b
T prase s e o el R PRI T
t he absence '"%érﬁegt%‘gﬁg%%g?% ?ﬁég? %t?génﬁbeofso@ﬁamavegeevor y(n) in
quant i zes S4bceilite loctan 106, GIESE, 105 286N SRFGHGS He @Y asiel Rl ST - A
digital nodem 38' receives v(n), the digitally inpair i |
Si nce the di‘gsf’gtfe‘{l'gﬁdﬁ\r%ai rments are u%knowny WJE ng vter o Oneﬁf q((jn% :
‘é-( n). _lThe 3asi c jwdmmumtﬁxaga@mgms& %qt%:&qo%ia%gﬁﬁf%@ﬁgﬂbyl \F/)«aw rom
d= 2{ ??bu{nio Oﬁmbg’n%pgcgf%éqgg%{sgde%ﬁnﬁ‘# ggg%]&ggg ioBiend, wers), alesmid/i.agt ishe
training seqyuaBsRnedwhathbetherd have been no even v{n) octtetlsrttgce \lfé)ci. funng the
10 determined that all received octets, v(n), are odd, then in step 124 it is indicated
that RBS2 is “0” or even RBS for that time slot. In the simplified example
described above, RBS2 is never “0" or even RBS; however, detection of this type
of RBS2 is described to generalize the description of RBS2 detection according
to this invention. Ifin step 122itis determined that all received octets, v(n), are
15 not odd, then in step 126 it is determined if all received octets, v(n), are even, L.e.
it is determined whether there have been no odd v(n) octets received, such as in
IDT table 70, FIG. 6A. 1f all received octets, v{n}, are even, then in step 128 itis
indicated that RBS2 is “1" or odd RBS for that time slot. ifin step 126 itis
determined that all received octets, v(n}, are not even, then in step 1301t is
»0  indicated that there is no RBS2 in the digital network for that time slot.
Referring again to FIG. 7, after RBS2 has been detected for each time slot,
in step-108, digital loss in the network is detected, as more fully described in FIG.
9. Flow diagram 140, FIG. 8, depicts digital loss detection according to this
invention. In step 142, the null point patterns (i.e. the locations of the null points)
»s  of all IDT tables having at least one null point {except IDT tables with only larger
null points, e.g., table 80, FIG. 6C) and having no RBS2 are compared to the
occurrence tables associated with the time slots not having RBS2. The IDT
tables and time slots with no RBS2 are used in order to ensure moreé reliable
digital loss detection. Also, since digital loss does not vary from time slot to time

30  slot, the comparisons are made across time slots to ensure more accurate digital

loss detection.



I's conpleted, to determne the inpairnents, both RBS and digital |oss,
affecting 20 the upstream PCM channel of the digital conmunication network
during each RBS tinme slot. A preferred technique for detecting digital

i mpai rments according to this invention is described as follows. First, a
di stributi owgmg&gl ved octets v(n) for each RBS tine sl gicrrussgairidect ed
by, for exa establ i shing an occurrence table 60, FIG 5, that 25

mai ntai ns a count of the nunber of tinmdg each of the possible received
octets 0- 127 (the constellation of digital values) have been received in

each RBS tine sl ftne Eﬁ%{&e@@ﬁarﬁfkunéﬂewra%lyprwssp'olslsxele[ D rtableawitbotcet s,
0- 255, that can be received

are positive a t are
negative w RBS2dhetewpslh W%%?Qmﬁé@cmf‘ﬁ‘c@ﬁ%mﬁr e,vyrqrg%legﬁ}' %ﬁ‘r?fgnt t he
recei ved oc r 3 epdH Bi logsyr That
I's, each bi E-;E%lﬁgﬁ@?gﬁi{bﬁ%é%ﬂ%?ﬁlﬂsﬂbygﬁél (ﬁv%??‘e Q&lé)n!ng 3 g<iﬁ)ure(lglrred to
herein are mjrmdlotm&did&d@kmsrsoﬁimm‘essl 3@‘5@!9&@%*@55 (’ /3%804

PCT/ US98/ 24734 10 tets 0-127
posi ti ves ocFltS §ﬁ§%92%§ §§' Q?Lg(v éﬁ i Sg”%déﬁi{g Jﬁ%sl,vl ?lcvg gct et i a\r/vﬁere

1=0, 1, ...127, anyheeupidbles for (] (i) anave) bave mamointegies ane thersicr®pposi t e
: g”fec'e{‘vi‘air?e‘ié{n@%‘é‘?aotgi‘-eﬂwﬁbg Sefigitop Janies e RaPIE W P oG e hut on
of recei ved geSi=1, 6dB loss, the IDT table (not shown) has null points when v(n)is .
9,11,13,15,etc. The DT tables for (i) and (iv} do not have any null points (exceépt
10 for several large p-law octets in case of iv), therefore, these IDT tables are not
compared to the occurrence tables.

In step 144, it is determined if there are any nult point pattern matches
between the IDT tables and the occurrence tables. For example, if an
occurrence table for a particular time slot has zero occurrences at each of the

15 null points of the IDT table for case (v}, the digital loss in the network at that time
siot will be determined to be 6dB digital loss, the digital loss for case (v). In step
144, the null pattern of each of the possible IDT tables is compared to the
occurrence tables associated with each of the time slots having no RBS2. In
step 146, it is determined which IDT table had the most matches and in step 148

20 the type of digital loss associated with the IDT table having the most matches is
indicated to be the type of digital loss present in the network for all time slots.

If it is determined in step 144 that there are no null point pattern matches
between the IDT tables having null points and the occurrence tables, in step
150, probability patterns of all the IDT tables not having null points are compared

25 to the occurrence tables for each time slot. In the simplified example, there are
only two IDT tables not having null points, namely, the IDT tables of cases (i)
and (iv) (except for several large u-law octets in case of iv). The probabilities of
some entries of v{n) in the IDT tables are determined and compared to the
occurrence tables o check for similar probability patterns.

30 The IDT tables 80, FIG. 6B, and 90, FIG. 6C are the IDT tables for cases 0]
and {iv), respectively. In DT table 80, case (i), for example, g(n) =8 {i.e. 13.0<

r(n) < 15.0) is mapped to v{n} =8, and g{n) = 9 (i.e. 15.0<r(n)<17 .0} is mapped



octets v(n). Depending on the inpairnent condition affecting the digital
network, certain [err]-law octets will not be received. For exanple, in
table 60, [err]-law octets 1, 3 ... and 127 have zero occurrences, neaning
that digital nmpdem 38" has not received these [err]-law ocf&tsgsdhsy ot her
[err]-law ocwasmisseewn, nanely, 0, 2 ..45and 4 10 have been received
X[err], Xerr], Xerr], ... times, respectively. Wen the training

sequence is term nated, or preferahly.during the; ' Sapsiaett the

di stributi orte v #%cﬁ%ﬁf%gleeﬁ@g%'w t%Hﬁveaﬂghge%E%dg&g?}e( m ne the

| mpai rment s fvg@%}%g%.é-l?g.o’f'ﬁ@é-ﬁs.mm‘i’lec,mnnebneﬁ trteontriest, inadDT8RRuNni cat i on
escri

network. As I bed above, the nost common digital 15 'cﬂg 'B{)q_%nts are
RBS1={ 0, T, NcgtBShse (W)gici{m) = iDasd 16 {icei E29.8 45{ §E35-O)ATR Mgeescd ? VT "NoRBS) and
each RBS tinme slot in a given digital .networ b Y cagay '
conbi nat i on asd q(h)asé"i(h%a?‘?ﬁéﬁ&g 3&%6%5\%98?%8%?@"igfrggl&‘ré?éﬁ%fyg%@ be
referred to herein i ' t ipkdx@Ratefyon .5e(e8510-2B /3K 0- ai r ment
condi ti oA, a&‘si 2%?'%@3@%#@?% ggzi rsr:rgyprilbl ee I D'?e( 0se h'b st col umm
contains 20 g.0/4.0)iones dgreateothanttbatal vin) =09 assumip Hhat ey IsgEnite l&i ved by

di gital nodem 38" and the renainj I ; ' octet(s)

i nput to thedigiigried| ovige 289 «" hgﬁaﬁﬁﬁ%%%%@é‘ﬁh@gﬁgggﬁ@%%?g% v(n)
under "t he speci fi.ed i ' : I J L fiandakl e THus, FeG  6A,
is an exanpl @%&r_'tafﬁ Q%S%E&ggtflg@%%&rfglﬁaﬁpggng? [ lrar{)‘ai _rrg;rnt condi tion:
RBS1=No RBS, pgijbabitifyl mb 55 TtB acBBaRly-represented 28:s table, it can be observed

that, for exanple, "both [err]-law octets g(n)[err] and g(n)[err], 0 and 1,
i nput tolta digital network affected by the above inpairnent condition, wll

be mapped to a sipghb@oLRRRLYSB)PHBSI<Y(nNK=39(D) =As not ed aboyd) due to the
Q_fcn(35.0/c,)-Q_fen(29.0/c,) Q_fen (39.0/c,- Q_fcn(35.0/c,)

For a description of Q_fcn see Shanmugan, K.S. and Breipohl, AM.,

15 “Random Signals: Detection, Estimation and Data Analysis”, John Wiley & Sons,
inc., 1988.

It can then be determined for each occurrence table which tDT table has a
probability pattern that matches the occurrence table. That is, for a given
occurrence table, using the above example, the ratio of occurrences of v(n}=8 to

20 v(n)=8 is calculated and it is determined if it is a one to one ratio (IDT table 80,
0dB digital loss) or if the ratio is 1.5 (IDT table 90, 6dB digital loss). Other v(n)
octets having similar properties may also be used.

In step 152, it is determined which IDT table had the most matches across
time slots and in step 154 the digital loss associated with the IDT table having

25  the most probability pattern matches is the indicated to be the type of digital loss
present in the digital network.

Referring again to FIG. 7, RBS1 is detected in step 110. Once RBS2 and
digitaf loss have been detected, using the simplified example, there are only two
IDT tables remaining with impairments that may correspond to the impairment

30 condition affecting the digital network. They are the tables having the detected
RBS2 and digital loss and either RBS1= 1 or No RBS._ As shown in flow



| npai rment condition in the network, there are certain octets, v(n), that
cannot be 30 received, regardless of the [err]-law octets input to the
digital network. Thus, there are no gq(n) entries in the IDT table
corresponding to these octets, v(n). These WO 99/ 34504

PCT/ US98/ 2473‘(%919}34539nexi stent q(n) entries are referred tecraseid’ds nul |
point entries or sinply null points. In IDT table 70, there are null points
associated with all of the odd receivedl®dctets, v(n), 1, 3... 127 because
under the inpairnent condition associated with IDT table 70, these octets

cannot be re&s{,féﬁmsom?eﬁsel@omt PIG. 30, usinpitisesedDT hiatiles, RBYUERRPR) octet s
have a one in ' [

heir least significant bit (LSB AL | form and

si nce RBS2=1detested famash tigle iMepal it dMaLHe: ’rﬁépﬁ‘gﬁ’gééqﬁ%agﬁgﬂ;rg&(i n Bl OS
form. This juSwtih ; i @Mt h RBS2=1. Table 80, FIG 6B, is
an exanpl e o‘lf"‘a%\glnl iéf%#ét%%%lﬁég ?%Hrq-'étgfﬁﬂo?! oW _ng in‘ga'_r,rrent csngilgbgm RBS1=No
RBS, digital |osstshimid RBsoted thas sestain kppaigient condiyqNs, B PR "5Y PRbai r ment s
associ ated wi th  thi i tdidodidbeve Boeexmnpie) |
poi nts arnd, %mqr%a&ﬁo{rﬁgé%gﬂelﬁ%%?ﬁba fﬁe%%%@iﬁ a(n). oct %té inBL{t to a
digital netwpldtgavotets)sucmpeabotetsigreatar inl vaiacerasuat Ryaled 10E BB G  he
out put of the digital network. .. 0 . L go¥-edef an | DT
tabl e for th@llPUﬁ\gdeﬁﬁmf\é\ch%%ﬁ?%gr# "é%‘%?. g §§S1 R'%"S?zﬁlgéqRBs, di gi t al
| 0ss=6dB, RBSRd RBNP=NBSThisié bicause, as depicted in table 90, FIG. 6C, octets of this

magnitude cannot be received with these types of impairments. )

10
Anal hannel Esti ion

The analog channel, ¢(n), can be estimated taking intq account the
determined upstream digital impairments. To estimate the analog channel in the
presence of digital impairments, PCM upstream transmission can be modeled as

15 in FIG. 11. InFIG. 11, there is shown the upstream transmission block diagram
20" of FIG. 3 without PCM downstream echo. The analog channel, ¢(n), can be
estimated in half duplex mode, i.e., when digital modem 38’ does not transmit
downstream and therefore there is no PCM downstream echo in the upstream
transmission. Or, PCM upstream transmsmissio can be modeled as in FIG. 4

20 and c{n) can be estimated in full duplex mode. The estimation of c(n} in half
duplex mode will first be described. The estimation of c{n), together with the
estimation of echo(n) in full duplex mode are described below with regard to FIG.
16.

| The analog channel estimator 200, FIG. 12, according to this invention, is

25 implemented in digital modem 38'. Analog channel estimator 200 includes
analog channe! estimation block 202 which is implemented as an FIR filter and
which.receives as inputs the reference directed training sequence z(n) and an
error signal, etror(n), and outputs a signal y(n)’, an estimation of y(n). Signal
y(n) is input to a p-law quantization block 204 which quantizes signal y(n)’ to

30  form signal q(n). The signal g{n)' is provided to US RBS1 block 206, US digital
loss block 208 and US RBS2 block 210, which modify the signal according to the



this table, it can be observed that there are a nunber of received octets
whi ch are produced by two different [err]-law octets g(n)[err] and
g(n)[err] . And, although they are not all shown, the only null points are
associated wth this table are the |argest received octet CT nasyuch as
octets | argewadeassod11l. Sonetines, these 20 large [err]-l"aw octets are not
excited during the training sequence, ggpecially when the anal og channel
has a significant loss. So, if the large [err]-law octets in the occurrence

tabl e 60 have not heen.received,it | cl. e s bt ivedt he fact
that the | aﬁg@qe@rﬁfyﬂﬁlém}’%{‘%fﬁ% t%fogaﬁ%% ééiﬁdl'l ¢ Q@’%H%&%ﬁaﬁic}?ﬁ?lﬂi ng

sequence or e 8 x6tddatatahe t dﬂmvamﬁﬁBg%mﬁﬁY%h associ at ed
with I DT taﬁfg}eﬂggﬂhg K sHoneD s

5 affected the network .in.such e nul |
poi nts for obearding4o giee Hetgnd balprEdeY 316 agigmi ‘éag%"ﬁ@q %‘%&ﬁ{e%%ﬂ‘%abl es are
only exenpl ari/ %gg,gt will be apparent to one skilled in the art that an
I DT table miStP %Stabl ished for all expected i ai.rment .condi t.Lons.

Moreoversit will Shpabp(pilieptovided dn ectek e inqarcAnvaster 2L WiVGh §anyaNe o spove
Chat whi 1 o Rt of SR iyl (P TRE Ahdar VAllyealgs ard proveedtial bE ot ed

6A- C have at nost fiwo VO
99/ 34504  gdder 212. The actual received octets, v(n), are provideddgPClosiBrREAf 34 12

Coml ) o ehevenerohiniraRBia SR e M el vy mevempreee
recei ved oCtyih) are afso provided to adder 212 where the difference between vi{n) and.
10 vi{n)' is taken and provided as the error signal, error(n), to analog channel
estimation block 202 .
Analog channel estimation block 202, using the reference directed
training sequence z(n}, the error signal, error(n}, and a least means square
(LMS) algorithm, estimates the analog channel characteristic, c{n), as follows.
15 The analog channel is represehted as c{n) where n=0,1,....N -1, and where N, is
the length of the channel, then the channel coefficients can be determined for

i=0,1,..., N, as follows:

¢, (i) = G,(i) + V error(n) z{n-i) {(2)

20
where ¢, (i) represents the estimated channel coefficients attme nand V-
represents the LMS step size constant. For information on LMS algorithm see,
e.g., B. Widrow and S.D. Sterns, “Adaptive Signal Processing”, Prentice Hall,
Inc., Englewood Cliffs, NJ 1985.

25 Digital modem 38’ then transmits the coefficients of the analog channel,
c(n), to analog modem 22’ which uses this information to improve upstream
transmission, as described in co-pending US Apl. Ser. No. 08/999,254
(CX097028) .

30 wnsiream PCM Echo i i



v(n). In order to sinplify the description of inpairnent detection

according to 5 this invention, inpairnent detection will be described
using a hypothetical, sinplified digital network having only the follow ng
ten inpairnent conditions: _ 10 RBS1 Digital Loss

RBS2 No RBS w09 04 No RBS No RBS 0dB PCTAUSY8/24734 NO RBS
3dB RBS No RBS 3dB 1 15 1

3dB No RBS 1 3dB 18 1 No RBS 6dB

No RBS No RBS 6dB 11 6dB No RBS 20

1 6dB  The PCM downstrdsim bkid, deRo@PPEAEDS ebtimaiod askortingdoithist he art

how to expand this exanple and apply the Invention to all.passible

i npai r ment  drvedtion bmysm;ﬁ@ep@mimat%f§29afflﬁ- 48 mpleppnted %‘%Kﬁ&géﬁé

Digital inpg ad t ' ih&y ddabant HhYIE Bbwestrdasn degpi cted in
fl ow di agra_ﬁ#é@bér ?‘q’?.ésﬁﬁ‘aﬁ?ﬁ% er_'rr‘gdéégbn%rgdﬁibrrent, it is assumed that
RBS occurs iupstremerdigithl bfipaianents, éssiesatibatbbelewbdheidewnae#@hPound of

[vent o0 THel el oG BERLRT FE%n8odiGod e HesthehBamaPfiniEr | ™o o1 o

or interval _
at the input of p-law quantizer 34’ , FIG. 4. By estimating the downstream echo at

that location In the channel, instead of at the input to the digital modem, the non-
finear effects of quantization and digital impairments are reduced and therefore a
better estimation of the PCM downstream echo is obtained. T

10 Echo estimator 220 includes an inverse virtual quantizer block 222 which
receives signal v(n) and outputs virtual quantizer points, vq(n). The p-law
quantizer 34’ and the detected u'pstream digital impairments are modeled as an
equivalent new quantizer, inverse virtual quantizer 222, by setting equivalent
quantizer thresholds as required given the detected impairments. An example of

15 this is depicted in FIGS. 14 and 15. It should be noted that to estimate echo{n)
most precisely the upstream portion of echo estimator 220 should be modeled as
in F1G. 4 with the y-law quantizer and the upstream impairment blocks, but since
this is not feasible as q{n) is not known even though v(n) is given, inverse vinual
quantizer 222 is used as the best alternative.

20 In FIG. 14 a portion of the original p-law constellation 240 having points
241-244 and thresholds 245-249 is shown. Also shown in FIG. 14 is that same
portion of the y-law consteliation with its thresholds modified to account for
RBS1=1. Now there are fewer thresholds, 250-252, and because of this only two
u-law points, namely, 241 and 243, remain. With the new thresholds, 250-252,

25 virtual quantizer points, va(n)’s, e.g. 260 and 261, FIG. 15, can be established as
the mid point between each pair of thresholds. It must be noted that these virtual
quantizer points are no longer u-law linear levels. Thus, inverse virtual quantizer

222, FIG. 13, is constructed to convert u-law octets, v(n), to their corresponding t
virtual quantizer points, va(n), based on the new thresholds and points selected
36 as depicted in FIGS. 14 and 15.



30 In step 102, the octets transmtted in the randomtraining
sequence are received fromthe digital network. As described above,

i mpai rment detection may be carried out during the training sequence or
after it has termnated. In WD 99/ 34504

PCT/ US98/ 247 3o dsds4siiep 104, a distribution of the recei ved?OLYEF&P4
established for each RBS tine slot, for éaxarrpl e, by establishing an
occurrence table as depicted in FI G 5 and descri bed above. Digital nbdem

38" begins the detection proc referably du equence
after a suffici efefailindagaipfo %@f'e § Stt'fé%tﬂr ééd]g's?é%céé e%aﬁ§ :?%S:'t ep 106,

RBS2 for ea@pﬁk % Seivéd #RidivnsasamPCMIsignay, sties CThidsignalralst G 8. Fl ow
di agram 120 (gﬁag hg:th

St op 122, 1 ipassesttveuah DEagtal ok bIGRKAZOEAHOS STES2 Boeh 228 i hBRs. " '
S determ ned e Ifpalrds iindAited BRI RC0AUAS lMééP)co@ﬁét@érSzmmwed Ifoit

Is 10 det & recelv octets, v(n), are odd, then in step
124 it ig indingateheldetits %saw Gihear vﬁumptRBSThem-laWaﬂmeaml@Sot In the
sinplified exanple descri however ,

RBS2
det ecti on ofpifnhiate prpvisledfto mcﬁ%}e@égwk B\I'%@ @'ﬁg'g{a‘d@%ﬁmé&eefg Aa aa cription

Of XB32 det Gkl Ofne afghafimiiciient Blogks aﬁéecmsigmd sbbofdihgabane dfRal 1 s

det erm ned ctets, v(n), are 15 not odd thereb step
126 it is ddimpairinests detecied by eualpgmpdﬁm 325 The AYytPukpkechphanpel lock

230 is the PCM downstream echo, echo(n), which is provided to adder 232. The
10 virtual quantizer points, va{n), are also supplied to adder 232 which takes the
difference between vaq(n) and echo(n) to form the error signal, error(n} that is fed

back to echo channel block 230.
Echo channe! block 230, using the digitally impaired signal, the error

signal, error(n), and a least means square algorithm, estimates the PCM
15  downstream echo, echo(n), by adapting h(n) as follows. Assume h{n), where

n=0,1,...N, -1, and where N, is the length of the echo channel, then the channel

coefficients can be determined for i =0,1,...,N,-1 as follows:
h,{i) = h,4(@} + V error(n} pl(n-i) (3)

where h,{i) represents the estimated channel coefficients at time n and V
26 represents the LMS step constant.
From echo(n), the echo variance, 6,% can be obtained by averaging the
squared values of echo(n) over a predetermined time period, for example 1000
symbol times. Digital modem 38’ then transmits to analog modem 22’ the echo
variance and the analog modem uses this information to improve upstream
25 transmjssion as described in co-pending US Apl. Ser. No. 08/399,254
(CX087028). Also, digital modem 38' uses the echo(n) estimation in the
decoder also as described in co-pending US Apl. Ser. No. 08/999,254
(CX097028).



it is determ ned whet her there have been no odd v(n) octets received, such
as in IDT table 70, FIG 6A. |If all received octets, v(n), are even, then
in step 128 it is indicated that RBS2 is "1" or odd RBS for that tinme slot.
If in step 126 it is determined that all received octets, v(n), are not
even, then in ég)?ﬁ 0]‘130 It is 20 indicated that there is npcfAse8rim4 t he -
digital net woY P“that time slot. Ref20ring again to FIG 7, after RBS2
has been detected for each tine slot, in step 108 dlgltal Ioss in the
network i s bk 5168 irdam A B| Betigiaiiptam 140,
FIG 9, depicts |g|ta 0SS detectlon accord| ng to thls |nvent|on In step
142, the null poijpFi@aidg, %rfﬂﬁ-dﬁpteﬁ cdnitsinédbamdlbg osarnfel ahe dowhs$treash acky 25  of

T o S donbtoct b mgranee s AR ATSTE BBl Mg " o1

conpared to éﬂ%ﬁb 0DS FRS.SL eRé tWﬁt‘tﬁBréiﬁaPOMdeWm&tﬂaalmt havi ng
RBS2. The | agg es ngﬁ?.j&ﬁéftm&tés lots with n(?ﬂRBSZ are uC%Aj rder to

ensure nor e eakiol cipkrnentyiecad(n), estmateddyt e, esimater 2204 dg}P l&? | oss does
not vary fr cgﬂtétﬁﬂﬁ aiula% éh%nﬁélr&n{ﬁgn%r? bf&:k Fb?oss izt popags made across

time slots t re accura et ection. WO 99/ 34504
PCT/ US98/ 24 7éhfigdredrthe bame iaseichd eshmanaaiﬂ FIBh e, exaens thatithemriig BCpossi bl e

;P 'el' :ﬁte)l FETV\{ng%,sgglrﬁaﬁquahzer K38 hB BsRIRA 8&&8051%n%%rsfﬁﬁ%{r%ﬂm. . They

10 Enhanced Downstream PCM Echo Estimation
The PCM downstream echo, echo(n), can be estimated even more
precisely according to this invention by using enhaced echo estimator 220b, FIG.
17, implemented within digital modem 38'. Echo estimator 220b Includes an
inverse virtual quantizer block 222b which receives signat v(n) and outputs

15  vinual quantizer points, vq(n). The p-law quantizer 34’, FIG. 3, and the detected
upstream digital impairments are modeled as an equivalent new quantizer,
inverse virtual quantizer 222b, by setting equivalent quantizer thresholds as
required given the detected impairments, as described above.

Enhanced echo estimator 220b also includes DS RBS1 block 224b,

20 which receives the downstream PCM signal, s(n). This signal also passes
through DS digital loss block 226b and DS RBS2 block 228b which outputs a
digitally impaired transmitted signal p(n) to octet to linear converter 229b which
converts the octets p(n) to u-law linear values pl{n). The p-law linear values
pl(n) are provided to echo channel block 230b, which is implemented as an FIR

25 filter. —The digital impairment blocks are designed according to the digital
impairments detected by analog modem 22'. The output of echo channel block
230b is the PCM downstream echo, echo{n), which is provided to adder 232b.
The virtual quantizer points vq(n} and the points y(n), which the digital modem
38'decodes from v(n) before determining u{n), are also supplied to adder 232b.

30 - Adder 232b sums va(n), y(n) and echo(n) { vq(n) is positive and y{(n} and echo(n)
are negative) to form the error signal, error{n), (analog channel error signal) that
is fed back to echo channel block 230b.



havi ng RBS2=No RBS and the following (i) RBSL = No RBS, 0dB di gital loss;
(i1) RBS1 No RBS, 3dB digital loss; (iii) RBS1L = 1, 3dB digital |oss;
(iv) RBS1 No 5 RBS, 6dB digital loss; and (v) RBS1 = 1, 6dB digital

| oss. The IDT tables for (ii), (iii) and (v) have null poi%(‘%ggﬂ.,g and
therefore t hegosshdoabe conpared to the occurrence tables. xanpl e, with

(v), i.e., RBS =1, 6dB loss, the IDT tahle (not shown) has null points when
v(n) is 9,11,13,15,etc. The IDT tables Tor (i) and (iv) do not have any

nul | points (except 10 for several |ar err -] aw e of iv),
therefore, theseTh@eronsoed, are(Hels %M&F%&’f ttgd ‘WP& %@fq 'ﬁ"lc'g les. In

Etes ﬁ,eéﬁ,mt hetfqu[ﬁdq%gh§ ra%@%gr%shoﬁ&ebﬁx) @he phétiten {rl), @pdigcriped irecmpendmgues

e occurrence tab es For eé "315{ f an
occurrence ta'pbhcaﬁbo,rAacrpay DockatNo. (G XRD69AEPOF fled, f VL B BIRWRN ot cach - of

the 15 null point I f hdl @m)thﬂidehoss in the
net wor k at tﬁ‘&t ?reﬁe%egilyﬁe%gs%ﬁg}%nﬁ tot()\{%e%ng%l gi,tal t he

digital kosshé eetterane aﬁaptatidmwditmphqwavertl'hwlﬂ"hﬂ at tbatemen?ecﬁ dé?fcﬁ? i he
ossible IDT tables. i th
gach of the I$ presilipde ira ﬁﬁgé@g%ofﬁﬁlg tﬁg%ﬁgfﬁ@%r et elra‘?‘n(tl gg%iwv\hl ch
: DT tabl e haggt da &Eﬁéh nhwm?%meacr&mglhmomm th& @@wnstienm datpdaist di gi talj
0SS dssoci ate Wt t he qVvl cate tO
be the type of dlE@hPﬁ‘all"?ﬁ ?‘%ﬁ‘%ggﬁt uqip'g 'ﬂ%‘%?ba?%é Sgﬁ@ ‘{l@(e sl ots.

it is deter fl% %.? %%dtaf‘l%hstt MB4Ss ﬁ@r@ﬁlgbﬂihh} psiimatesahe ®OM mat ches
bet ween the ‘es ha nul | poi nt

AR I R
Slr rerplclo][rlp 2(rjed 2 Pxi?a)z En@ecﬁﬁzfse%té@%ﬁé tHePErr&1aighdl URBbrlptéd by the he
upstream signal y(n), the adaptation is faster.
Ancther way of obtaining the error signal, error(n), is by using error signal
generator 240, FIG. 18. Error signal generator 240 includes an octet to finear
15 converter 242 that convers v(n) to vi(n) which is provided to adder 244, Thereis
also included a ?-law quantizer 246 which receives the decoded values y(n)
affected by the estimated echo, echo(n), and outputs octets q(n)’. The octets are
then modified by US RBS1 block 248, US digital loss block 250 and US RBS2
block 252 to form octets v(n)'. Octets v(n)’ are then provided to octet to linear
20 converter 254 which outputs vi(n)’ to adder 244. Adder 254 sums vi(n} and vi(n)’
and outputs the error signal, error(n) or e{n).
It should be noted that this invention may be embodied in software and/or
firmware which may be stored on a computer useable medium, suchasa
computer disk or memory chip. The invention may aiso take the form of a
25 computer data signal embodied in a carrier wave, such as when the invention is
embodied in software/firmware which is electrically transmitted, for example,

over the Internet.
The present invention may be embodied in other specific forms without

departing from the spirit or essential characteristics. The described

30 embodiments are to be considered in all respects only as illustrative and not
restrictive. The scope of the invention is, therefore, indicated by the appended
claims rather than by the foregoing description. All changes which come within



only two IDT tables not having null points, nanely, the |IDT tables of cases
(i) and (iv) (except for several large [err]-law octets in case of iv). The
probabilities of some entries of v(n) in the IDT tables are determ ned and
conpar ed to the occurrence tables to check for simlar probability
patterns. 3450 The IDT tables 80, FIG 6B, and 90, FIPGIUs®24B4 t he | DT
tabl es for Cgvoef)g ﬁj and (iv), respectively. In TDT table 80, case (i), for
exanple, g(n) =8 (i.e. 13.0< r(n) [erlz? 15. 0) |s mapped to v(n) =8, and
g(n) =9 (|.e. 15 O< r(n) [err] 17 .0) is map QQ od

15 the meaning and PETHUBEEH mmmntabew r?}f thg @a'mﬁ%?é? (9?‘(?'“ RE
probability to have v@ = 8 is alnpst the same as.that of v(n)= 9

(15. 0- 13. 01Withipth&r 8COPE-0, i . e.> one to one). In contrast, in |IDT table 90,
case (iv), g(n) = 15 and 16 (i.e. 29.0 < r(n) [err] 35.0) are mapped to.
v(n) =8, and q(n) =17 (i.e. 35.0< r(n) [err] 39.0) is mapped to v(n) = 9.
Therefore, with case 5 (iv), the probability to have v(n) = 8 is
approximately 1.5 ( 35.0-29.0/39.0-35.0= 6.0/4.0) tines greater than that
of v(n) = 9 assumng that r(n) is uniformy distributed over 29.0 < r(n)
[err] 39.0. It is not actually uniformy distributed, but rather it is a
Gaussian distribution with a nean=0 and a variance = [err]. Thus, the
probability may be nore accurately represented as: 10
Pr(29.0<r(n)<=35.0)/Pr(35.0<r(n)<=39.0) = (1) -
Qfcn(35.0/[err])-Qfcn(29.0/[err]) Qfcn(39.0/[err])- Qfcn(35.0/[err])



For a description of Qfcn see Shannugan, K S. and Breipohl, A M, 15
"Random Si gnal s: Detection, Estimation and Data Anal ysis", John Wley & -
Sons, Inc., 1988. It can then be determ ned for each occurrence table which
| DT table has a probability pattern that natches the occurrence Z?g%e. That
s, for a giwggoeseaw rence table, using the above exanple,PFﬁ'éIS of
occurrences of v(n)=8 to 20 v(n)=9 is;,calculated and it is determned if
it is a one toone ratio (IDT table 80, 0dB digital loss) or if the ratio
is 1.5 (IDT table 90, 6dB d%gjtal | oss). Ot her "v(n) octets having simlar

properties may aMSwtEeClaieESIn step 152, it is daipswnwnad N | DT tabl e
had the nost matches across tinme slots and in stgmmmm]"wuﬂml | oss
associated with the IDT table having 25 the nopst *probabi |ty pattern

nmat ches is the indicated to be the tyBti®#Sdigital |oss present in the
digital network. Referring again to FIG 7, RBS1l is detected in step 110.

Once RBS2 and digital |oss have been detected, using the si nﬁ?lsi f‘i ed
exanpl e, st hey e apemettod fomdete@figtdigitad mpairraents affedtingran YRskieaMPY'E® t hat may

correspond to the inpair Q | fed ¥ t{eRwskikd chmbrigieg:wor K.
They are t heOdgINeY m%&%@%@@%@gﬁs@mﬁ@'ﬁ%ﬁ al Toss a‘?\];i t(z?ther
RBS1= 1 or No RBSeceififig,djoxigital FCMwnoderDie@ssrated to the digital

PeT/ US98/ 2 mmunication network, a random sequence of dighal values selected from

consteliation of digital values transmitted over the upstream PCM channel of.the

16 digital communication network;
establishing distributions of the received digital values, each distribution
corresponding to one of a plurality of time intervals; and
deriving from the distributions the types of robbed bit signaling and digital
loss affecting the upstream PCM channel of the digital communication network

15 for each time interval.

2. The method of claim 1 wherein the step of establishing includes
establishing occurrence tables for the constellation of digital vaiues from the
received randoml sequence by maintaining a count of the number times each of

20 the digitat values in the constellation is received by the digital PCM modem
during each time interval.

3. The method of claim 2 wherein there may be a first occurrence of robbed
bit signaling prior to the digital loss and a second occurrence of robbed bit

35  signaling after the digital loss.

4. The method of claim 3 wherein the step of deriving includes observing the

least significant bits of the received digital values in the distributions to determine

the type of the second occurrence of robbed bit signaling in each time interval.
30

5. The method of claim 4 wherein the step of deriving further includes

comparing a plurality of impairment tables , corresponding to different



di agram 160, steps 162-174, FI e |IDT tables, RBS1 can be
detected for each tine |nterv lL respondi ng to the detection
of digital |oss described W|th . It should be noted that

certain irrpalrrrent condltlons may be ruled out 5 prior to performng any
| mpai r ment d%@ as descri bed above. For exanple, if |gegesoeedres s, such
as octets greater |n val ue or equal in lue to 112, then the foll ow ng

i mpai rment condition can be rul ed out: I)%Sl:No Digital |oss=6dB, and

RBS2=No. This is because, as de |cte in table 6C _.octets of this
magni t ude cRRhingions &k e, st %\W 859&0'?%@93(9? t}ﬁ?ﬁ%tﬁ%ﬂ'{% fgaAnal og
Channel Est | gét%s fb?hé%b%rfé@%ﬁl@é to @dtBominé &7 r?se epdighatiess kfidting i nto

account the erm hed upstreamdigital inpairnen To estl mat e t he anal og
channel in tthe qpsmnd’&hdichan@l phthe; wgalﬁmwcwaw eam transm ssi on
can be nodeled as 15 in FIG 11. In FIG 11, there is shown the upstream
transm ssion bl ock diagram 20" of FIG 3 wt hout PCM downst ream echo. The
anal og channgl, d(rde)memao obelaizs Giwiereid thersteplof compheng inolides comparinthen

digital modem 38" es noi. transm t re there is no
PCM downst r ¢ R# (9? 'fﬂéthﬁﬂg??'gﬁ?ﬁtqglgn%fﬂ @grggﬁ‘wﬂcgq%ﬁupst ream
transnem ssi 0 can be nodel ed as |n FIG 4 20 and c(n) can be estl mated in
full duplex node.__ The esti matj on éé‘%eh first be

f dupl
descri bed. The eé?TPrFﬁ?mﬁﬁ"BPaE‘lﬁ) W“ngg‘gg@ftgv lf’F’[Hﬁe%f echo(n)
in full dupl SatefRARg Mo Aimied tdbMONa ﬁuh: ﬁo@rﬁtﬁraddtdbnﬁbﬁng is.null

10 point patterns of the impairment tables having nult points to the occurrence
tables and determining if any of the null point patierns match the occurrence
tables indicating the type of digital loss associated with the matching impairment
table is the type of digital loss affecting the digital.

15 8. The method of claim 7 wherein the step of comparing further includes
comparing, when no nul point patterns match, the probabiiity patterns of the
impairment tables not having null points and determining which probability
pattern matches the occurrence table indicating the type of digital loss
associated with the matching impairment table is the type of digital loss affecting

20 the digital network.

9. The method of claim 8 wherein the step of deriving further includes
comparing a plurafity of impairment tables , corresponding to different
combinations of the first and second occurrences of robbed bit signaling and
25 digital loss, to the occurrence tables to determine the type of the first occurrence
of robbed bit signaling affecting the upstream PCM channel of the digital
communication network for each time interval.
10. The method of claim 8 wherein the step of comparing includes comparing
30 a pattern of each of the impairment tables to the occurrence tables.



The anal og channel esti mator K ording to this invention, is
25 inplenented in digital mémgﬁ‘m“ﬂgluﬁﬂihannel estimator 200 includes
anal og channel estimation blo 4§ S+ nplemented as an FIRfilter
and which receives as inputs the reference directed traini e z(n)
and an errorwoynados error(n), and outputs a signal y(n)' 151%}/\!?829%%@%“% of
y(n). Signal y(n)' is input to a [err] ifw quanti zati on bl ock 204 which
guanti zes signal y(n)' to 30 formsignal qg(n)'. The signal g(n)' is

provided to US RBS1 bl ock 206, igi.tal l.o ; S2 bl ock
210, which riddi f yhemetaed Hfa‘F'a'Hbe?WgPﬁ?ﬂf‘ fﬂ? ?‘ﬁé%f QJ’W@S@?@Q@%"H&&B

PCT/ US98/ 24 Tide ofnifl WHfidt e hpfireiehlableiedvervauit poitto apdedmpariag $heynal v(n) ',
an estimation of recelved signal vg&. | t .ShOL\Ld .be ng%eg b he types of
RBS1 and RB$dintpatternsofaee Brraiment iaties,pading pulbpRinde §i% ?‘%‘2’% fe -
det ermi ned it..ass . msMmatch the o&Sugeate v(n)' is
provi ded totﬁ'@‘?ﬁlaHgg‘gfeltrﬁ@%arr‘é@%mgi?lgpﬁgtlﬂlw\?mﬂﬁgﬁ conve{ts ogtets, vgng' to

| i near val uasbleifdigdting Thetypierod the first oessirrenee A robbad Bt SiGR&IREd t o adder

212. The actual receiyve S I £ OM ho Gt loct@rdriceear
converter 2BSSRAAE] \gxﬁh@‘gﬁﬁét&ﬁ;ﬁ% é’i‘éélwenr?t?%gllﬁggf%vgﬁues vl (n). The linear
val ues Vvl (n)psapBhed BiOsighalitigtdeting thactigited tar edsbtina interedlf f er ence bet ween

vli(n) and. 10 wvl(n)' 1s taken and provided as the error signal, error(n),
t o anal og channel

12, The method of claim 11 wherein the step of compatring further includes

10 comparing, when no null point patterns match, the probability patterns of the
impairment tables not having null points and determining which probability
pattern matches the occurrence table indicating the type of the first occurrence of
robbed bit signaling associated with the matching impairment table is the type of
the first occurrence of robbed bit signaling affecting the digital network for each

15 time interval.

13.  The method of claim 1 wherein the plurality of time intervals are robbed bit

signaling time intervals.



estimation block 202. Anal ogw bl ock 202, using the
reference directed training Sequence zm error Si gnal, error(n), and

a |l east neans square (LMS) al gm‘“\m t he anal og channel
characteristic, c(n), as follo aral og channel is represented
as c(n) where n=0, N err]-1* &nd “wher e N[ err] is the doangbsrdads t he

channel , thed'aR 4Sgoﬁanne poeff|C|ents can be determned for i=0,1,...,
N err] as fol | ows: cl[err](i) = cl[err](i2s + [err] error(n) z(n-i)
(2) 20 where c[err] (i) represents the estimted channel coefficients at

time n and ZdeWnE‘aS&BEét ;{AJ)%réd\ﬁ :ﬁé&ﬂatﬁinz(@mbeém inteonnexdted tetheon on LMS

al gorithm see

; and S.D. Sterns, ?a{j:t l ve L
Sr octes|5| ngddngnggmmmummﬁﬂn natwerk anchadapigsotp eeeive %gl g man
gital nodem I Shechs 08 drdidg Bhiannef, st hethaddbiog channel
c(n), to anﬁpﬁﬁg&dﬂwr‘?%% uses tt%hl s mf%rmatlon to |rrpr08e upstaneam
transni ssi oast;matuq;amaroobﬁntlemts ofdhe @naiog ¢herngipBomMBEINg No. 08/ 999, 254

|(:>8-<? 62,333 2 '4732 1@cewmg, ! by B cilitdYPER tholdBi, B¥ebfishce of (et vir)> Grbm the
upstream PCM channel of the digital communication network, which octets are
produced from a sequence of levels transmitted by the analog PCM modem over
the analog channel and quantized; -
determining from the received octets the digital impalrments affecting the
16 upstream PCM channei of the digital communication network;
converting the received octets to received linear values, vi(n);
receiving a reference directed sequence of the levels transmitted by the
analog PCM modem; |
filtering the reference directed sequence wv:h an analog channel filter
15 having analog channel coefficients to produce a filtered reference directed
sequence;
quantizing the filtered reference directed sequence 1o produce a
sequence of reference directed octets;
modifying the sequence of reference directed octets according to the
20  determined upstream digital impairments to produce an estimated sequence of
octets, v{n)’, which is an estimation of the sequence of received octets, v{n};
converting the estimated sequence of octets, v(n)’ to estimated linear
values, vi{n)’;
-generating an error signal by taking the difference between the received
25 linear values, vi(n), and the estimated finear values, vi(n)’; and
estimating the analog channel coefficients using the error signal and the

reference directed sequence of the levels.

€

30 15. In a digital pulse code modulation (PCM) modem interconnected to the
digital communication network and adapted to receive upstream data
transmission from an anaiog PCM modem interconnected to an analog channel,



The PCM downstream echo, echo(n), can be estimted according to this

i nvention by using echo estimator 220 Fl G 13, inplenmented within digital
nodem 38' . Echo esti mator ZZ(HHIMEE l“ Htﬁunt bot h downstream and
upstream digital inpairnents}h A | ow. The downstream e%ho,
echo(n), bei ngoessissrted i s the echo introduced into the up QLR
transm ssion at the input of [err]-law gyanti zer 34', FIG 4. By estimting
t he downstream echo at that |ocation in“the channel, instead of at the

input to the digital nodem the non- linear effects of ' i on and
digital inpaa mm:tfoauestvmam@w%ﬁﬁr&aﬂh@@f‘aw@ﬁé? %’ber”‘?'ﬁ'{%%{a@%n of the
PCM downst ream echg i | YR8t o tizatidFClsvigesdsiugad by dB@@sirearhudes an
i nverse Vi rtws"aﬁgﬂ{’%@%&meg@gmﬂ%%?nch receives siog}aé %n%ﬁﬁr}ﬁ out put s
virtual quangataaranemission from the digittlPCMmadamie e araloBdrMAmona fe -
detected upstreamdigital .inpairnments are nodel ed as an equival ent new
quanti zer, i EEIasComP SR quanti zer 222, by setting equival ent quantizer

threshol ds as re%béieﬂ&%&;y/m digial BEMmbddm, asatuensatos octals, ¥imra B 15
this is depicted in FIGS 14 and 15. h . afbi mate
echo(n) nost upsteaams ECM P’Pl%”\?bgﬁgﬁéi?ﬂ'ﬁk%?rﬁgﬁwgg "@ﬁﬂ%%ggm%?&g‘fo shoul d be
odel ed s | Grdg o froh 4 Bedubob f fabelsrsiitud tyathe andlog RCMmedam gver

i mpai rment bl ocks, but since this,is no feas#&balt.e %svigé.n) i's not known even
t hough v(n) the g‘haiwphaﬂﬂ?éﬁ%QV?’?ttzﬁglbchbﬁrﬂ”PE 995" used as the hgest

al ternative. 20 i W dotéts e dibitel impaighenats affectig thaw
constel l ation 240dﬁ?&?‘hdéﬁbpgéﬁtgég%%%f%ﬁd 'ghr_gshol gs 245-249 is shown.

Al 'so shoyh i ap&réam PCN sharmel oftheedigital cpowLAICLRR NEWAT:- | aw constel | ation

\chﬁ gshgfdg?rggg?ggéowg%gggﬁw& E‘I’ !t {” 58?&;1. Now ther.e are fewer
converting the received octets, based on the quantization device and the
determined upstream digital impairments, 1o virtual quantizer points, va(n);
modifying octets transmitted downstream from the digital PCM modem
15 according to predetermined downstream digital impairments o produce modified

downstream octets, p(n);
converting the modified downstream octets o modified downstream linear

values, pl{n);
filtering the modified downstream linear values, pl(n), with a downstream
20 echo channel filter having echo channel coefficients to produce a downstream

echo estimation;
generating an error signal by summing the virtual quantizer points, va(n),

the estimated downstream echo and decoded y(n); and
_ updating the echo channel coefficients using the error signal and the

25 modified downstream linear values, pi(n).



[err]-law points, nanely,
250- 252, 25 wvirtual quantizer e.g. 260 and 261, FIG 1 15
can be established as the md a “etm“ ch pair of thresholds. It ’
must be noted that these virtu Izer p0| nts are no longer [err]-law

| i near | evel aﬁ 9'5;3554 I nverse virtual quantizer 222, FIG ¥g&rasss/dtistructed
to convert p-law octets, v(n), to their correspondl ng t virtual quantizer
points, vq(n), based on the new t hreshdBds and points selected 30 as

depi ct ed in FIGS. 14 and 15. WO 99/ 34504

el vics, oa B e e L

ecej ye
Thi s* si gnal cedemogdigtien (*?(I;IW)EW@&W algftﬁfcqr%‘ggmg?vwboikﬁ%@W%E@Q@SZ EI( gzzk
228 whi ch out put]a%,g ég,: \A'%F%'ﬁil"éyw ARRYitaPACM mbaemifterboanemnad td mea:bgm to

| i near converter

converts the octets to -1 aw | i near
VﬂJ uesI p |b I( nb?(mffimetcbbom hetwark, la mdam\ﬁ@nue@cemf(%ﬂaévéﬁé$ %‘%‘PG\@E? Bcho
channe ocC ch al
i mpai r neht B?’b%é%t g é’f ggg%ﬁﬁé@atgggﬁl ng to%@%ﬁ %lHt !Z“GMI crppggﬁ'?lrrég?i
gg\ﬂegt ed :)yd aﬂmnmdieamé‘ﬂhetwﬁhe out put of echo channel block 230 is the
ownstream e J e 10
virtual quanti ze?ogg‘oT%teé%i’g%ﬂ'?SV\Q sﬁ&g "Z’Psgéﬂéﬁgp%";"g’ ?gﬁaﬁ(ﬁ 23-29&\/\“ ch takes
E Egt di fffer gB&%H&ﬁb%@ﬂemdhgaudme(dha(ph.)rahty of timminteevads; 808 signal , error(n)
is fe
logic for deriving from the distributions the types of robbed bit signaling
10 and digital loss affecting the upstream PCM channel of the digital communication

network for each time interval,

17.  The device of claim 16 wherein the logic for establishing includes logic for
establishing occurrence tables for the constellation of digital values from the

15 received random sequence by maintaining a count of the number times each of
the digital values in the constellation is received by the digital PCM modem

during each time interval.

18. The device of claim 17 wherein there may be a first occurrence of robbed
20 bit signaling prior to the digita loss and a second occurrence of robbed bit

signaling after the digital loss.

19. The device of claim 18 wherein the logic for deriving includes logic for
observing the least significant bits of the received digital values in the
25 distributions to determine the type of the second occurrence of robbed bit

signaling in each time interval.

20. The device of claim 19 wherein the logic for deriving further includes logic
for comparing a plurality of impairment tables , corresponding to different

30  combinations of the first and second occurrences of robbed bit signaling and
digital loss, to the occurrence tables to determine the type of digital loss affecting
the upstream PCM channel of the digital communication network.



back to echo channel bl ock 236—Eehe—channet—block 230, using the digitally

I npaired signal, the error sig d a | east neans s
al gorithm estimtes the PCM 1 Hm w echo(n), by adgg?rﬁg h( n)

as follows. Assune h(n), where n— err] 1, and

the I ength otvadesaseeho channel, then the channel ~ coeffi ci s Can %“ 'S
determned for i =0,1,... ,N[err]-l as follows: h[err](i) = h[err](i) +
[err] error(n) pl(n-i) (:?)9 where h[err] (i) represents the

estimated channel coefficients at tine n and V 20 re
_ presents the LMS ste
constant. From echo( n), the echo variance, [err], can be obtai ned by P

averagi ng t he s dm\:/éilf}flﬁ% Qﬁmg‘ﬁ)‘h‘ﬂﬁg{" fg, wﬁp@p@r,ﬁ&m@&s fogitefoper i od,

for exanple 100 then'tr

ansmits to analo
nodem 22' teemgg H pattamcst eaohl otthe impalrmlgnhﬁbbmmﬁ&oﬁcﬁr@nﬁ?%@r’%t i on tg
| nprove upstream transm ssion as described in co-pending US Apl. Ser.
No. 08/ 999 254 (CX097028). Also, digital nodem 38 uses the echo(n)

8;} 'ggg“ ) ?gx %%g%aé&w ahﬁsozﬁwégﬁmd)bgsufor camparingi fadherdnglgdes Ser . No.

PCT/ US98/ 24 Teyic 20 detafmrmwwmalt@gamﬁﬁh@*eémvm%ww&ﬁ%@%%@ﬁo

Esti m:}t on comparing the null point patterns of the impairment tables having null points to
the occurrence tables and determining if any of the nuil point pattems match the
occurrence tables indicating the type of digital foss associated with the matching

10  impairment table is the type of digital loss affecting the digital.

23 The device of claim 33 wherein the logic for comparing further includes
logic for comparing, when no null point pattems match, the probability patterns of
" the impairment tables not having null points and logic for determining which
15  probability paitem matches the occurrence table indicating the type of digital loss
associated with the matching impairment table is the type of digital loss affecting

the digital network.

24. The device of claim 23 wherein the logic for deriving further inciudes logic
20  for comparing a plurality of impairment tables , corresponding to different
combinations of the first and second occurrences of robbed bit signaling and
digital loss, to the occurrence tables to determine the type of the first occurrence
of robbed bit signaling affecting the upstream PCM channel of the digital
communication network for each time interval.
25
25 The device of claim 24 wherein the logic for comparing includes logic for
comparing a pattern of each of the impairment tables to the occurrence tabiles.
26. The device of claim 25 wherein the logic for comparing further includes
3  logic for determining which impairment tables have null points and logic for
| comparing the null point patterns of the impairment tables having null points to
the occurrence tables and determining if any of the null point patterns match the



In FIG 16, a full-dupl ex, c_o_nthﬁd_anaJ—eg—eh&ﬁnel and downstream echo
estimator i s depicted. Anal og 200a is configured the sane
as anal og channel esti mator ZOEi.Tﬂﬂﬂ“li t that there is a PCM
downstream 5 echo conponent d by echo estimtor 220a,
added to the é#" of anal og channel estinmation bl ock 202aT/uSeind73dst i mat or
220a i s conf ?"3’&’? the sane as echo estimtor 220, FIG 13, except that

there is no inverse virtual quatizer. Ago, the estimators use a conmopn
error signal, error(n). 10 Enhanced Downstream PCM Echo Estimation The

PCM downst r eam echo,. echo r sel
accor di ng t@%’f@@ﬂ@@ﬁ?l%ﬂga&)&g{bﬁg F}Hecr%%%c ggg%ét?nrg?%%&gtmb yFI G 17,
i npl enent ed gidrahig aséddidied wﬁbdmmﬁﬁfhmgﬁn'lpeirmm tableds teptype ohthediels an

inverse virtual quantizer 220 re g{elﬂ)a;and out puts
15 virtual QGGERenceRf 'EB‘PEH{) 2‘?5‘96‘%% aﬁ%hﬁ{éﬁq]@e ‘f& agﬁq%gﬁpﬁfér 34 FIG 3,
and the detected upstreamdigital inpairnent s are nodel ed as an eqw val ent

new quantl zer, inverse virtual uantl zer

quanti zes tkﬁ?esha'hasiea@erﬁéq@m wierein ﬂﬂfhé ﬁ"ée ﬁgfg%@ﬁi‘g@ﬁ?‘é%gm
descri bed \aAmﬂ ﬁf‘?’%@w gg}pngaaf; g&hﬁéat?e%’?w@i@ptﬁd}ﬂbbﬂﬁﬁ%lﬁsnmmbl ock

224b, 20 e downst PCM si i gnal al so
passes throups u@ﬁ‘axdnmtttables osshaving: Rulbpeintsang 'QEO MS’E* HFB@RQ 2%‘8"?5’ whi ch

out puts a di air te?thd frst | near

converter 22‘8’8{3%‘#%93 g‘?hé{ﬁg%%{l&?&est%gl)e%m%t@rﬁ?t@&v | i near- val ues

2'3(() B) V\gheh[m}reh@am nobbed bnaignalmgoampnamcbwm the mé@ ing i@eABMEANnel bl ock
ich i

bl ocks alfe O@gﬁedﬁ e&ggt eﬁgst[%g:c@]ﬁgv% of. r{;ﬁt}éoe&t sigfiing laftbéiftlg theTmjitaent

network for each time interval.

28. The method of claim 16 wherein the plurality of time intervals are robbed

bit signaling time intervals.



| npai rments detected by anal og—wedem22——T he—out put of echo channel bl ock

230b is the PCM downstream echo i I's provided to adder 232b.
The vi rtlual guanti zer points vqkllmﬁimmHHM(HMs y(n), which the digital
nodem 38' decodes fromv(n) before determeni g u(n), are also supplied to
adder 232b. ¥ Hmdes 232b sunms vqg(n), y(n) and echo(n) (vRTHUPEELSitive
and y(n) and echo(n) are negative) to formthe error signal, error(n)
(anal og channel error signal) that is f g back to echo channel bl ock 230b.
WO 99/ 34504 o ) . PCT/ US98/.24734 The
error signalag. er irpadigital psisacede mogulatior (RAM) madest IRIRIEAYERERA HH_m £ or

adapting a target response | G ionetebrt
co- pendi ng é&ﬂgﬂ?&’% ,'cai?? §§%§ﬁ%gg%?ﬁﬁgqg%x%g%%ﬂgggqgﬁﬁged orrh ?\?en date

herewi t h.  Theagy RCM mademtittgrophoeated to asiagaley ahgneglaR §BYICEEH to the anal og

PCM nodem 5  the better. the adantati 1L, be. idikgWi | | be at
the expense Qﬁ'"@&ﬂ%tq%‘?‘&ﬁ@?rﬁ?Qg%%sﬁ%%oq%! " Fg’ﬁes%%%%p?\}%gr symbol only
the signsof the GgiOforsédbiing, aydhe sigital PCHrmediam: aséauena OhBELISs ¥EYi fi ci ng
too nuch of the downstreamdata ra

00 e.. Ech h . j
digitall'y i rfpemthaiugsicaast PpM ?D%““P{m%f ‘B?%&é‘)‘ag?%ﬁ&ﬁ!"%@’g&?@%% an?eggte
Teans. squar e gligql bifhic&S biied Seaushes B¥YAR aeimd matre @nialng RGMo( 1), by
adapt i ng h_(n3 S "deScri bed above wth regard to equation (3). Since h(n) is
adapt ed usi ngotiéra cver the aiajpmehannebapd guai28¢: t he upstream signal y(n), the

adaptation is f asltos{c' for determining from the received octets the digital impairments:
10 affecting the upstream PCM channel of the digifai communication network;
logic for converting the received octets to received linear values, vi{n);
logic for receiving a reference directed sequence of the levels transmitted
by the analog PCM modem; )
logic for filtering the reference directed sequence with an analog channel
15 filter having analog channel coefficients to produce a filtered reference directed
sequence;
logic for quantizing the filtered reterence directed sequence to produce a
sequence of reference directed octets;
logic for modifying the sequence of reference directed octets according to
20 the determined upstream digital impairments to produce an estimated sequence
of octets, v(n)’, which is an estimation of the sequence of received octets, v(n);
logic for converting the estimated sequence of octets, v{n)' to estimated
linear values, vi(n}’;
logic for generating an error signal by taking the difference between the
25 received linear values, vi(n), and the estimated linear values, vi{n)'; and
logic for estimating the analog channel coefficients using the error signal

and the reference directed sequence of the levels.

€

30 30. In a digital pulse code modulation (PCM) modem interconnected to the
digital communication network and adapted to receive upstream data
transmission from an analog PCM modem interconnected to an analog channel,



Anot her way of obtaining the _error signal, error(n), is by using error
signal generator 240, FIG 18. Error S|gnal generator 240 includes an octet
to linear 15 converter 242 thi“muﬂﬁlnﬂ” to vl(n) which is provided
to adder 244. There is also in m,lﬂantlzer 246 whi ch receives

t he decoded vaI ues &/(n) af f ect ed by the "est’i mat ed echo, echeftivszand :

out puts oct et¥s 3]9( f . The octets are then nodified by US RBS1 bl ock 248, US

digital loss block 250 and US RBS2 bl ocly 252 to formoctets v(n)'. Cctets
v(n)' are then provided to octet to |inear 20 converter 254 which outputs

vli(n)' to add 244. 2 S the error
si gnal , err(ﬁf8%$‘°%W’@%36WQé%vﬂbﬁljrng%%é%{@@{{cééw%%@éﬂeven %n may be
cribod: | 1 GBI Z‘?”é”é‘f‘”%‘i‘??%“mmﬁg“ ﬁ“mﬁ“’“‘m"‘““ n

e i.nveption nmay
al so take tr@tatransrmss&&nif@m %rﬁﬁﬁaé F'QdE'i“gtﬂ hé’% %@F& mdﬁm %ier
wave, such ‘%‘%ﬁ vention is enbodied in software/firmvare which is
electrically ransm for exanple, over the Internet. The gresent

i nventios may be legkbintirecsiving, HyRke dighalFtEMmadamR $aAUABSR OtRFISYRY from
the spitit Qo Belbdtilant PRAAGIRNBRLIRS. dg‘&aﬁcd#ﬁﬁ@ﬁw% rdfwork, ®fileRdi ment s

are to be co in all respects only as illustrative and not
restri-ctive.octite ase proeiuoéd from 4 saguence af fevels treasmitied &y thaianelag &My t he

appended cl ai gt al Bl ' DA LohdniEl LR G928 85 3 &;\Hr{tﬁ&oﬂé\nc@la”ges whi ch

cone within
logic for determining from the received octets the digital lmpaxrments

10 affecting the upstream PCM channel of the digital communication network;
logic for decoding the received octets to y(n);
fogic for converting the received octets, based on the quantization device
and the determined upstream digital impairments, to virtual quantizer points,
va(n); _

15 logic for modifying octets transmitted downstream from the digital PCM
modem according to predetermined downstream digital impairments to produce
modified downstream octets, p{n);

logic for converting the modified downstream octets to modified
downstream linear values, pl(n);

20 logic for fittering the modified downstream finear values, pl(n), with a
downstream echo channel filter having eche channel coefficients to produce a
downstream echo estimation;

logic for generating an error signal by summing the virtual quantizer
points, va(n), the estimated downstream echo and decoded y(n); and

25 logic for updating the echo channel coefficients using the error signal and
the modified downstream linear values, pi(n).

£



WO 99/ 34504 PCT/ US98/ 24734 22
the meaning and range wi thin the ec‘w val ency of the clains are to be

enbraced wi thin their scope. m/lmau”ml A ne
. pERsdsRk734

PCT/ US98/ 24734 23 What is cl ai i

det ecting di gvoada4btapai r ment s af fecti ng "an® upstream pul se code nodul ati on
(PCM channel in a digital communication network, conprising: receiving, by
a digital PCM nodeminterconnected to tHe di gi tal communication networ k, a

random sequence of digital values selected froma constell ation of digi taI
val ues transrgit t et computer iseahps Mmesitm hanvingommsrergpagapie Ptpgfa"&f@?’?

conmuni cat i t k bl
val s, eachmargs prbgdieciinany 2L saftafthd Holdtipalt el 4ibeihg &R LS ?%hngl '
i nterval s; gasé%ay imiufatiom(POM) dhahnel i &i digital mmmtmp@go@membed bit -

signaling an ital loss affecting the upstream PCM channel of the
di gi tal cormgthméa&nﬁm network 15 for each time interval. 2. The net hod

of claimg whereighheeSieaRaib prégraml dodeimearisor rabeiving, by a digital POM
modem interconnected to the digital communication network, a random
sequence of digital values selected from a constellation of digital values
transmitted over the upsiream PCM channel of the digital communication |
network;

10 computer readable program code means for establishing distributions of
the received digital values, each distribution corresponding to one of a plurality
of time intervals; and

computer readable program code means for deriving from the
distributions the types of robbed bit signaling and digital loss affecting the

15  upstream PCM channel of the digital communication network for each time

interval.

32. The computer useable medium of claim 31 wherein the computer
readable program code means for establishing inciudes computer readable

20  program code means for establishing occurrence tables for the constellation of
digital values from the received random sequence by maintaining a count of the
number times each of the digital values in the'constellation is received by the
digital PCM modem during each time interval.

25 33. The computer useable medium of claim 32 wherein there may be a first
occurrence of robbed bit signaling prior to the digital loss and a second
occurrence of robbed bit signaling after the digital loss.

34. The computer useable medium of claim 33 wherein the computer

30  readable program code means for deriving includes computer readable program

code means for observing the least significant bits of the recelved digital values



establ i shing occurrence tables for the constellation of digital values from:
the recei ved random sequence by mai ntaining a count of the nunber tines
each of 20 the digital val uesmmmmﬂnumﬁlll tion is received by the
digital PCM nodem during each til : The nethod of claim 2
wherein therg nmy be a first octurferfce "of *robbed bit si gretissgzgméor to
the digital I'0ss"and a second occurrence of robbed bit 25 signaling after
the digital |oss. 4. The net hod of ckaim 3 wherein the step of deriving
[ nlcl udes ob?‘er\él ng the least significant bits of the received digital
values in t, I,St ri | : rt%@ ®gcurrence
of robbed b‘f‘ﬁh% P{\fh&h“%ﬁéﬁ ﬁrqéeé%@uﬁﬁhﬁe |nt8%{rk1§§|e§yr§€°£5gurkh%ge%? ﬁ%dﬁof claim
4 wherei n tggnaiingin @kcrldimevintegvalur t her i ncl udes conparing a plurality of
I npai rment tables , corresponding to different WO 99/ 34504
PCT/ US98/ 24734 24 conbinations of the first and second occurrences of
(rj 2?2??71- ﬁle tt 5.9?3#}-!&93]‘&%1%@%@?5{'@mé@&?%oftc{mmm ehersim theceonpiiéles t o

ull e type o igital |oss ecting the upstre nel of
t Ee di gist al readabigmregramoeedecneaisior serigng f”"%\% 'Wq%éﬁm%%k&% %iwhg erein
the step of L ' RREG Rty RAthsdifmet tatsled, of the -
I mpai r nent ?‘ﬁ’gf%‘g*ggﬂ%ﬁ%ﬂ?ﬁce&?ﬁ?&? Pl '

corresponding to different combinations of the first and second occurrences of
robbed bit signaling and digital loss, to the occurrence tables to determine the

type of digital loss affecting the upstream PCM channel of the digital

10 communication network. -

36. The computer useable medium of claim 35 wherein the computer

readable program code means for compating includes computer readable

program code means for comparing a pattern of each of the impairment tables to
15 the occurrence tables.

37. The computer useable medium of claim 36 wherein the computer
readable program code means for comparing further includes computer
readable program code means for determining which impairment tables have

20 null points and computer readable program code means for comparing the null
point patterns of the impairment tables having null poin’is to the occurrence
tables énd determining if any of the null point patterns match the occurrence
tables indicating the type of digital loss associated with the matching impairment
table is the type of digital loss affecting the digital.

25
38. The computer useable medium of claim 37 wherein the computer
readable program code means for comparing further includes computer
readat;le program code means for comparing, when no null point patterns
match, the probability patterns of the impairment tables not having null points

30  and computer readable program code means for determining which probability
pattern matches the occurrence table indicating the type of digital loss



7. The nethod of claim6 wherein the stepof conparing further includes
determ ni ng which inpairment t |l .«aP0i Nt s and conparing the null
10 poi nt patterns of the mpBEﬂﬁmﬂmgHBBsIU“Ew ng null points to the
occurrence tables and determn T nul | poi nt_patt mat ch
the occurrenoeobsdaseds indicating the type of digital |oss B E’Bi’lg);ﬁn’gﬁ W th
the matching inpairnment table is the type of digital loss affecting the
digital. 15 8. The method of claim 73%herein the step of conparing
further includes conparing, when no null point patterns match, the
probabi | ity gaptrfstbwitt tHeheaichipgiimpainnentiableds thettypaof digitaless #féacing and
determ ning whi ch probability pattern matches the occurrence table
i ndi cating tthe Q'S)ﬁ?énﬁﬁwo(ﬁ ‘gital | oss associated with the nmatching inpairnent
Erﬁble It?\ ;heftyloe_ of8dng]itaI | oss affecting 20 the digital network. 9. -

e met hod of. claim erein the step of derjyvi further i udes
co%ari ?g a W.uréﬁhet’-iémﬁm?rrﬁ%ﬁp}?e’ﬁ?d‘?gbq’f ”“c'%ﬂ ﬁﬁm%ﬁomé&g%fferent
conbi nati_ons HE TGRS sodvpgsLitér algisal i n
and 25 di gi {e%%a%)!ggpst'{né{aﬁ ?ﬂdeédrgggﬁﬁye#r%gﬁﬁggl es t%rg)dl’%dee{ er m néatrﬁgd?’?/ge of gt he
f:crts}] ogpu_r rm:mgmmbodmbbadsmftcommagiarﬂuﬁﬁwa*t’mﬁﬁrm% 1888 r eam PCM channel
o] e digital co ni ' : i | ffhe
met hod of cl ‘é‘?rfﬁs@%g?&?h’@%ﬁ gkpe‘)%{o ‘ngo?r%g%lmrﬂ% aﬁﬁg}eg& esa‘?gﬁ%ég?snaf 30 a
pattern of eapmhedbitisiygnalingand digial lbas/tedhe ocaumence tahlesdiecieteraine the

type of the first occurrence of robbed bit signaling affecting the upstream PCM

10 channel of the digital communication network for each time interval.

40, The computer useable medium of claim 39 wherein the computer

readable program code means for comparing includes computer readable

program code means for comparing a pattern of gach of the impairment tables to
15 the occurrence tables.

41, The computer useable medium of claim 40 wherein the computer
readable program code means for comparing further includes computer
readable program code means for determining which impairment tables have

20 null points and comparing the null point patterns of the impairment tables having
null points to the occurrence tables and computer readable program code
means for determining if any of the null point patterns match the occurrence
tables indicating the type of the first occurrence of robbed bit signaling
associated with the matching impairment {able is the type of the first occurrence

25 of robbed bit signaling affecting the digital for each time interval.

42. The computer useable medium of claim 41 wherein the computer
readable program code means for comparing further includes computer
readable program code means for compating, when no null point-pattems

30 match, the probability patterns of the impairment tables not having nult points
and computer readable program code means for determining which probability
pattern matches the occurrence table indicating the type of the first occurrence of



WO 99/ 34504 PCT/ US98/ 24734 25
11. The nethod of claim 10 Yo=Y conparing further includes
det erm ni ng whi ch i npairnment mmgw;mzlmmﬂgml nts and conparing the null
poi nt patterns of the irrpairrre LeSuhaying null points to the
occurrence t@‘mggg“%gd determining if any of the null poi ntPCBASE4TR4 nat ch
t he occurrence tables indicating the type of the first occurrence of
robbed bit signaling associated with thg matching inpairnment table is the
type of the first occurrence of robbed bit signaling affecting the digital
for each ting_inte . [ e i the efp of
conparing ftf?!? b'f %g{\ﬂ@és?‘a%&?&‘gg%@Wﬁﬁ%ﬁ%lﬂéﬁ?ﬁ%m n gﬁ‘d rns

mat ch, the pRrekERDbEiUrEnpabt mbbsed bit signelingrptiecting e dighalaetwak BRANy nul |
poi nts and det erm ning which probability pattern matches the occurrence .
tabl e indi cé’t"i‘%@tﬁi'}‘@' type of the first occurrence of robbed bit signaling
associated with the matching inpairnent table is the type of the first

15t 1 mosi ik valThe somputeieShtn atbclim of Sk 3! Wsfeif WCRaRE Btnd U1 For T o

interval s ar i ¢ hbka frhemntemwaRr val s. WO 99/ 34504
PCT/ US98/ 241’2‘3%% Bbbec? b Snafy




14. In a digital pulse code nodutatiom (PCM nodeminterconnected to the
digital communi cation network an I ve datatransm ssion from
an anal og PCM nodem i nt er connect E“ﬂmm"mwuamhannel , a nmethod for
estimating the coefficients of the ahaliog*hdnnel, conpri Sil \So8h

recei ving, bwdds4sssigi tal PCM nbdem a sequence of octets, (8‘?%9 41‘7'?F‘1£omthe

upstream PCM channel of the digital comrunication network, which octet

, S are
produced froma sequence of levels transhitted by the anal og PCM nodem over
the anal og channel and quantized; determ ning fromthe received octets the
digital inpairnments affecting the 10 upstream PCM channel of the digital

comruni cati on network; converting.he recej ' [
val ues, VI (i r BCEIMARY %%aéfeemgﬂ‘&!@ %?‘?'ﬁ%%’ﬁg%‘gﬁt%tﬁ%kg?a%@ Féea\}e: |Snear
ts:agtq:nmctet \?vidt yaar{r?hgp\al og g]r?gé\ﬂr*lﬂfl f] F‘taﬂﬁd; theea:%aﬁ@ierheofmb etk |
e er .
;:ﬁ:f ]1: | ﬂ ent usedn grafigital puiserqore &p l%@ﬂé&é@ﬁ%‘#%ﬁ%@@%&&%@gﬁgquant i zi ng
_ [ r edg[: b oot ssioa f
i r ect ed oo AR BO o B S o B B e d r et o octets

thc?:]gj[ gg tS éaqnl?le’?(:lzogdf medemﬁntﬁmnnﬁstsa &an (ﬁ“_@logaﬂhaﬂﬂﬁaf’?rﬂ%?@g:t‘o produce an
of rlecei ved oct epgmpweﬁ%féc%}ﬁlé&pﬁ% OWemeégP?g?ggé&slg%n%g 0 itd(l)??gfg?uence
v(n)' to esthsmérkth béqueate vhbetets, vin),( fiym;the upstream PCM channel of the
digital communication network, which octets are produced from a sequence of
10 levels transmitted by the analog PCM modem over the analog channel and
quantized;
computer readable program code means for determining from the
received octets the digital impairments affecting the upstream PCM channel of
the digital communication network;
15 computer readable program code means for converting the received
octets to received linear values, vi(n);
computer readable program code means for receiving a reference
directed sequence of the levels transmitted by the analog PCM modem;
computer readable program code means for filtering the reference
20  directed sequence with an analog channe! filter having analog channel
coefficients to produce a filtered reference directed sequence;
computer readable program code means for quantizing the filtered
reference directed sequence to produce a sequence of reference directed octets;
- computer readable program code means for modifying the sequence of
25 reference directed octets according to the determined upstream digital
impairments to produce an estimated sequence of octets, v(n)’, which is an
estimation of the sequence of received octets, v(n);
fcomputer readable program code means for converting the estimated
sequence of octets, v(n)' to estimated linear values, vi(n)';
30 computer readable program code means for generating an error signal by
taking the difference between the received linear values, vi(n), and the estimated

linear values, vi(n)’; and



generating an error signal by taking—the—difference between the received 25

| i near values, vl(n), and th r values, vl(n)'; and
estimating the anal og channej’ iayﬁmﬂ i | ng the error si gnal and the
reference directed sequence Of« In a digital pulse

code nodul at‘&%g %f modem i nt er connect ed to the di gi t al PCUSMR473AL | ON

net wor k and 8 to receive upstreamdata transm ssion from an anal og
PCM nodem i nt erconnected to an anal og 8hannel WO 99/ 34504

PCT/ US98/ 24734 27 a nethod for estinmating downstream echo introduced to the
upstream dat a ”&’P@ﬂhezsr'e%abfé Blogiim (dagle ingzinis fof estimptiag thez analog devi ce

caused by downst ta transm ssi on from hhe dle%g ﬁ ggg to the
anal og PCM olmi'ewicméf@clatﬁs weig doererrps sighal and the retergngg "SF’%'S e digital
PCM nodem fi‘ guehce of octets, v(n), fromthe upstream PCM channel of .the
di gi tal confliRE {88 net wor k, whi ch octets are produced from a sequence of
| evel s transm tted by the anal og PCM nodem over the anal og channel and
guanti zed by the quantization device; determ ning fromthe received octets
the digital inpairnments affecting the 10 upstream PCM channel of the

di gital communi cation network; decoding the received octets to y(n);




converting the received oct ets based on the ilantization device and the
r

det erm ned upstream digital ﬂm i i
tual quant
\1/%( n;ccm)gl fyi ?g oct St s trans “u:ﬂﬂp Ill)lm from ?hgndz é?'[ aPO:DgI[\/IS’rmdem
ording to predeterm ned "dowvin [ | T Mgy,
nodi fi ed dovwetss#sm octets, p(n); St eam g| he ot . e

A _ converting the nodified down
to modified downstream | inear val ues, BP(n); filtering the nDd?}{ggn1octets

downstream | i near val ues i
_ , pl(n), with a downstream 20 echo channel fi
havi ng echo channel coefficients to produce a downstream echo esti matzlotn'er

generating an error signal su
the esti nat 48l doMnsmmeémeﬂﬁan‘HBgﬁagg %/pﬁéu rﬁgaﬁnb%gt |q1r3ﬁ§&r?gb:ch\(;q( "

channel coeffi t
Channe . Coe leags Sl %'tﬂgre‘ir?f%r%ﬁ:%t 18] G6hstraaeh bitio ROdCRSS | ed

PCT/ US98/ 24 8&retiin dfta trdhsdmm’ey{ﬂbﬂt hedeputichg %‘l’aﬁﬁ‘ﬁaﬁf’n ARyicP cRused Y (¢ oot 'i ng

an upstream pul se co nodu
net wor k, 5 coRpWREeA" P@d{@ﬁ%@ﬁ%@fﬁw A &amlﬂ?dé?mamahdbgmm cation

al P
Id,ntg,GI ;f’”cgf uile%si‘ieggfldr h]zt@egh ]9! dighal puise.codemodiiatast mgde %SFH"EB%I‘E}%%% of
ec
to the digital c%mmurmcatnon network and adapied to receive upstream data

transmission from the analog PCM modem interconnected to an analog channel,

-

the method comprising:
10 computer readable program code means for receiving, by the digltai PCM

modem, a sequence of octets, v(n}, from the upsiream PCM channel of the
digital communication network, which octets are produced from a sequence of
tevels transmitted by the analog PCM modem over the analog channel and
quantized by the quantization device;

15 computer readable program code means for determining from the
received octets the digital impairments atfecting the upstream PCM channel of

the digital communication network;
computer readable program code means for decoding the received octets
to y(n);

20 computer readable program code means for converting the received
octets, based on the quantization device and the determined upstream digital
impairments, to virtual quantizer points, va(n);

computer readable program code means for modifying octets transmitted
downstream from the digital PCM modem according to predetermined

25  downstream digital impairments to produce modified downstream octets, p(n);

computer readable program code means for converting the modified
downstream octets to modified downstream linear values, pi{n});

<computer readable program code means for filtering the modified
downstream linear values, pi(n), with a downstream echo channel filter having

30 echo channel coefficients to produce a downstream echo estimation; |



N
5 constellation of digital val ' d over the upstream PCM
channel of the digital conmuni gﬂﬁﬁﬂ\lﬂ\mmmogl c for establishing

di stributions of the received L , reach distribution
corresponding to one of a plurality of tinme intervals; and |logic for

deri vi ng frow(#;f;gdgj, stributions the types of robbed bit siPGEASI¥I™40 and
digital |oss aifecting the upstream PCM&hannel of the digital

comuni cation network for each tine interval. 17. The device of Lain116
wherein the | ogi gohfpite? veaduble progeam mummns@yigﬁnsmﬂngﬁnaermfs%'ﬁﬂ% Y

occurrence tables for the constellatjon | gl 5
r ecgi ved ransimmiigdhe Ntf@a[)?”q{@r_"ﬁ"[ %‘?'ﬂt:snﬁq(ﬁf’ é@u%ﬁﬁteqﬁé&ﬁﬁfgbaﬁgﬁd@deach of

the digital k. constellation is received by the digital PCM
nnden1durind%%%@ﬁagwﬁégﬁf

interval. 18. The devi.ce of . ' ' rejn there
may be a first ocoopulgideadable B(ﬁﬂé%f“ﬂ?deﬁi‘qa@if%fn‘éqqaﬂéé @%cr}%to] Hgl di gi tal
loss and a second i b noeifedalowngtredmdineahealgisyi t al
| oss. 19.° TW¥§@§V§§§E%P%@§§V§fTgﬂaﬁg?g?ﬁh%he | ogic for deriving includes
| ogic for obg@gwing the least significant bits of the received digital
values in the 25 distributions to determne the type of the second
occurrence of robbed bit signaling in each tinme interval. 20. The device
of claim 19 wherein the logic for deriving further includes |ogic for
conparing a plurality of inpairment tables , corresponding to drfferent 30
conmbi nations of the first and second occurrences of robbed bit-si‘gnaling
and digital loss, to the occurrence tables to determ ne the type of digital
| oss affecting



t he upstream PCM channel of th catlon n

99/ 34504 29 21. The device of aﬂMM‘mgmm he | ogi gt},\gﬁkcoﬁpa\r/\iong

i ncludes logic for corrparl ng a eachr of the inpairnment tables to
the occurrence tables. The device of claim 21 wher /ﬁ% | ogi c
for conpari nwdssnsseer | ncI udes | ogi ¢ fof, determ ni ng whi cHf ‘iefﬁ%a it

tabl es have null points and | ogic for c}E’) ari ng the null point patterns of

the inpairnent tables having ! t h

det e m i ng 48 R R S e L e L T
I ndi cating | f

maltent AT spiau et o el 2

The devi ce afetadiag dighal mr@m&m aledtipgian yrstreg $¢ AePs TerHiaron ne| udes
| ogic for C??ﬁg‘) %?%gnwgg(ﬂ %hnﬂﬁid&ﬁoﬁ%ﬁ@frﬁscdmﬁrﬁh :the probability -

patterns of I"és not  havi ng nul | poi nts andlobcfor
det er ni nkng whi cbomﬁutepmﬂmw prbgrqﬂacodﬂ meﬁas &reecelying &YC%F’PQ(QHUQ Mibl e

tabl o 1 s ¢ hanedest Thercanagced B el ST AIcEHa by RRse! TO | Tpal TRENt
gg\r“ gg m?;r ﬂ]%ngg%uﬁi@tﬁl Qg!ﬁuh? sklegied ffom actmn'steillahgprf ofrdigitl vialoes udes | ogi ¢ 20
conbi nat i on§l’aﬂsmﬁ)¢ﬁ§ Wﬁ*é%le H?ﬁireggggﬁgf amiﬁf%ﬁﬁsé' ?‘Uﬁ%@ﬁ% ;Iogﬁ;}‘ T ﬁgent
and network;
10 computer readable program code means for establishing distributions of
the received digital values, each distribution corresponding to one of a plurality
of time intervals; and
computer readable program code means for deriving from the
distributions the types of robbed bit signaling and digitaf loss affecting the
15 upstream PCM channel of the digital communication network for each time

interval.

47. The computer data signal of claim 46 wherein the computer readable
program code means for establishing includes computer readable program code

20  means for establishing occurrence tables for the constellation of digital values
from the received random sequence by maintaining a count of the number times
each of the digital values in the constellation is received by the digital PCM
modem during each time interval.

25 48, ' The computer data signal of claim 47 wherein there may be a first
occurrence of robbed bit signaling prior o the digital loss and a second
occurrence of robbed bit signaling after the digital loss.

49. The computer data signal of claim 48 wherein the computer readable
30 * “program code means for deriving includes computer readable program code
means for observing the least sig'hi_ﬁcant bits of the received digital values in the



digital loss, to the occurrence-tabtes—to determne the type of the first

occurrence of robbed bit signali [ “Lﬂ“ upstream PCM channel of
the_ di gi tal cpm‘runi cation networ\m“ﬂ\ Emmm Wi nterval. 25 25. The
device of claim24 wherein the | ¢ for tonbaring includes logic for

conparing a pa of each of the inpairnment tables to thgepedussence
tabl es. 26. ‘ﬁ&éﬁ%g% ce of claim25 wherein the logic for conparing further

includes 30 logic for determning whi ch2i npai rnment tables have null points
and logic for conparing the null point patterns of the inpairnment tables
havi ng nul | geinBlsioristotdetermirethe dyeot thb lsesoranutcdeercaditohed bitany of the
nul | point patterns match the WO 99/ 34504

PCT/ US98/ 2475analingde €aeh dMedme¥les i ndicating the type of the first

occurrence of robbed bit signaling associated with the matching inpairnment

table is the type of the first occurrence, of ropbed bit signali affectin
the digital S@r cehehcarpiterdatasigapl ofplaimye whefgm 8xﬂ°€§’“§?fgf %"ﬂ?‘?za V\/nereig

the I ogic for | I el i ' LB, |
boi nt patt er ST ERaE e et e e R P s ot
havi ng nul | psdenmeansitbricogiperifaa plaally of mpaimeant tab*epﬁcﬁ%'fﬁsw{@“%& tern

abbed bit ORI AG Boafateiefe HfiFahd Rabdl dxthRees cifobbaciin SpRAmgence o
and digital loss, to the occurrence tables to determine the type of digital loss
affecting the upstream PCM channel of the digital communication network. -

10
51. The computer data signal of claim 50 wherein the computer readable
program code means for comparing includes computer readable program code
means for comparing a pattern of each of the impairment tables to the
occurrence tables.

15
52. The computer data signal of claim 51 wherein the computer readable
program code means for comparing further includes computer readable program
code means for determining which impairment tables have null points and
computer readable program code means for comparing the null point patterns of

20  the impairment tables having null points to the occcurrence tables and
determining if any of the null point patterns match the occurrence tables
indicating the type of digital loss associated with the matching impairment table
is the type of digital loss affecting the digital.

25 53. The computer data signal of claim 52 wherein the computer readable
program code means for comparing further includes computer readable program
code means for comparing, when no null point patterns match, the probability
patterns of the impairment tables not having null points and computer readable
program code means for determining which probability pattern matches the

30  occurrence table indicating the type of digital loss associated with the matching
impairment table is the type of digital loss affecting the digital network.



10 table is the type of the fiTst occurrence of robbed bit signaling

affecting the digital network f rval . Th
c! ai m 16 wherein the plurality iﬂ“ﬂmmmuﬂm are robbed b?t m;[ gﬁ& ?Lg
time intervals. WO 99/ 34504 *

PCT/ US98/ 2473¢o %k423- | n a digital pulse code nodul ation PPEN*REAEm
i nterconnected to the digital comunicatjzon network and adapted to receive
data transm ssion from an anal og PCM nodem i nt erconnected to an anal og

h I
The devi co coipr BemBiter data g 5L SRR 5 WfIeh s cpiPupRRabITno e

nodem a seq E
digital mrﬁﬁqg’gﬂ?f&%ﬁgﬁi%ﬁr”w%‘?%fmt hleudpsmmmapmmw@grm t he

level s tr ans:md& Teany fqrmmﬂng@ Wl&%%{%@%&ﬁﬁ@ggﬁgggéépgﬁ‘gﬁﬂﬁﬁqzﬁgce .of
quanti zed: | Qieferh Bbfiflafbfl B 118 firétaificldaone ooturmshos bbtobbol eitdigriaiad

| mpai rnment s ect1ng e upstream PCM channel , of th

comuni cag i oanddtgmarlbss.lto@h&:omrfeﬁ%m%tﬁé’efq{@”}ee@@l W&g? gfs to received

| i near val ues, vl Sen@
the Tevel s+ ParLTATEp o) e i Sariding %’E%‘ﬁ“n%cﬁee‘f’ﬁ“?é?‘i”?’é"ﬁ B the
reference di a@ﬁhﬁ@bmmqmeaﬁm pétivoriafor @ach timednianad

55. The computer data signal of claim 54 wherein the computer readabie

10  program code means for comparing includes computer readable program code
means for compating a pattern of each of the impairment tables 1o the
occurrence tables.

56. The computer data signal of claim 55 wherein the computer readable

15  program code means for comparing further includes computer readable program
code means for determining which impairment tables have nuil points and
compating the null point patterns of the impairment tables having null points to
the occurrence tables and computer readable program code means for
determining if any of the null point patterns match the occurrence tables

20 indicating the type of the first occurrence of robbed bit signaling associated with
the matching impairment table is the type of the first occurrence of robbed bit
signaling affecting the digital for each time interval.

57. The computer data signal of claim 56 wherein the computer readable
25 program code means for comparing further includes computer readable program
. code means for comparing, when no null point patterns match, the probability
patterns of the impairment tables not having null points and computer readable
program code means for determining which probability pattern matches the
occurrence table indicating the type of the first occurrence of robbed bit signaling
s0  associated with the matching impairment table is the type of the first occurrence
of robbed bit signaling affecting the digital network for each time interval.



15 filter having anal og chan produce a filtered

reference directed sequence; | ogj izkig the filtered reference
di rected sequence to produce a Egg mllkmlj'lﬂﬂ!ﬂence directed octets; logic
for nmodifying the sequence of rek e c octets according to 20

t he determ ned ugé%gean1glgltal i npai rments to produce an pRgfussirland
sequence of SQeee v(n)', which is an estinmation of the sequence of
received octets, v(n); logic for conver44d ng the estimated sequence of
octets, v(n)' to estimated |inear values, vl(n)'; logic for generating an
error signalgdy ‘rgg'cg&pm?dﬁﬂafsf@faer_@&eiabﬁnmrémﬂweZ;ﬁuram@camneadin{cemear

val ues, vI(r%,' and the estimated |inear values, vl(n)'; and logic for
estimating tave rabhmiddit sigrating timsogteTvas.ent s using the error signal and the
reference directed sequence of the levels. 30 30. 1In a digital pulse code
nodul ati on (PCM nodem interconnected to the digital communication network
and adapted to receive upstreamdata transm ssion froman anal og PCM nodem
i nterconnected to an anal og channel WO 99/ 34504

PCT/ US98/ 24734 32 a device for estinmating downstream echo introduced to the
upstream data transm ssion y(n) at the input of a quantization device
caused by downstream



data transm ssion fromthe d| o the anal og PCM nodem the
device conprising: 5 amt&gmﬂ I"g by the digital PCM nodem
a sequence of octets, v(n), fr Lupstream PCM channel of the digital
comuni cation network, which octets are produced froma s of, levels
transmtted wpshassanal og PCM nodem over the anal og chann%ﬂan%ﬁué‘nt | zed
by the quantization device; logic for dgtermning fromthe received octets
the digital inpairments 10 affecting the upstream PCM channel of the

di gital conmmunication network; logic for decoding the received octets to
y(n); logic for converting the received octets, based on the u n Jzatlon

device and g e sibnaiamibdisd s
quant i zer po, ntgﬁbﬁhﬂf&@atw ighaleamishicid il a carpar weewherels amb

downst r eam thmnmméemﬁﬁt%"ab@ﬁ@l %ﬁﬂ?fg&@@%ba?ﬁgdg[f%*‘p% gggﬁé;ér%f%fegng]v\:wfste (rjeam
digital i WD?%@H%@W 8@@1@%@0@6@%@@ ctianms forame Inat digital pplse)cedBogi ¢ for

converti ng

t
va: ues, I ( modulfion (PCM)ITS!ZH\PQSN ;rggr@pﬁrﬁqtééqs t F%W%é&'gmgﬁxggﬁ%ggmea%nﬁﬂear
val ues, pl () géﬁ'y{,}aﬁgg%&ﬁ%%&%smmﬁhnfdnhwaWWG@mcho channel

coefficient& wnstream echo estimation; |
ogic for generatin
an error si gitatcohectedto ag anblog\wdhanoell ceupigilGer points, qu(n) '?he °

esti mat ed downstream.echo
the echo channel S¥BRYEY fﬁag%pg p&ﬁ@%ﬂ??%déé( @r%?%sfﬁg |r%ri;1vlmgé bc!if the dighal BCMipdat | ng
modem, a sequence of octels, v(n) from the upstream PCM channel of the .
10 digital communication network, which octets are produced from a sequence of

levels transmitted by the analog PCM modem over the analog channel and

quantized;
computer readable program code means for determining from the

received octets the digital impairments affecting the upstream PCM channel of
15 the digital communication network; '
computer readable program code means for converting the received
octets to received linear values, vi(n};
computer readable program code means for receiving a reference
directed sequence of the levels transmitted by the analog PCM modem;

20 computer readable program code means for filteting the reference
directed sequence with an analog channel! filter having analog channel
coefficients to produce a filtered reference directed sequence;

computer readable program code means for quantizing the filtered
reference directed sequence to produce a sequence of reference directed octets;

25 computer readable program code means for modifying the sequence of
reference directed octets according to the determined upstream digital
impairments to produce an estimated sequence of octets, v(n)', which is an
estimation of the sequence of received octets, v(n);

computer readable prograni code means for converting the estimated
30  sequence of octets, v(n)' to estimated linear values, vi{n)’;



the nodified downstream | i near—vatues, pi (- WO 99/ 34504

PCT/ US98/ 24734 33 31. A conmpuyts fjum havi ng conput er readabl e
program code neans enbodi ed thamﬂnyﬂﬁmallﬁgﬂw digital inpairnents
affecting an upstream pul se codes nedukats ors channel in a digital
comuni cat i 0%&5‘953‘,’4‘52‘(1 conprising: 5 conmput er readalfspagisam code
nmeans for receiving, by a digital PCM nodem i nterconnected to the digital
communi cati on network, a random sequenct of digital values selected froma
constellation of digital values transmtted over the upstream PCM channel

of the digital cosmputersdsdablerprogrankcodedmeans for geoanating anresead signe! by ogr am

code neans for. estal].ishing distributions,.of fh ecel.\v 1.0j | ues,
each distri 5@9%%90%’?'@5%&% n{e Giret ?"&eﬂ'{‘fﬁlﬁr& § @l’)osg? Mééltﬁaéer’l@al s;
and conput efrbgeEiEdse vRARHMIM code means for deriving fromthe
distributions the types of robbed bit signaling and digjtal |oss affecting
the 15 upst r eanCPORMER FrAsablerogiae H‘P‘fﬁ %&P”ﬁc@?fﬁﬁ?ﬂ‘é&@g{m N r k for each
time int ervahanid-coeffBRnfsAMEMY fle et ARirfal BRE e TeRiroRdeidifBctda Yhpients the

conput er
of the levels.



readabl e program code rreansm‘i*shh‘rg—i—ncl udes conputer readable 20
program code means for estabIUﬂmgm’ tables for the constellation
of digital values fromthe red&ik " uence by nmintaining a count
of the nunber tines each of the di gittal val ues in the con ' S
recei ved by WOt t al PCM nodem during each tine i ntervé’ltcﬁ.h%géd“g%. The
conmput er useabl e medi um of claim32 wharein there may be a first occurrence
of - robbed bit signaling prior to the digital |oss and a second occurrence
of robbed bit signaling after the digital loss. 34. The conputer useable
medi um of cl aim 33 wherein the conputer 30 readable programcode neans for
deri vi ng i ngb.udes comppler datar sigrrismbagiesn asarterawava ydheraip egadiad Ry t he

| east significant bits of, | el 34504 34 ir
the distri bt WLE%I G siherare TRt et o Rae mtlsder 2 of T obbed
E: ; i si g Za%ggimir?ﬁmwdstmmwheﬁmwcgﬁ to up$teeacpdptatteansmission ¥Wnhati um of

m erein e conput.er . readabl e I Vi
further § ncT@dE@UfafﬁﬂﬂagBZ?t@Q 1o %uﬁﬁ‘?hﬁdg{gﬁg?%ﬁg&%r co%%é’?fr%g\egl e
plurality Oggiirwpcrw&bdémb%&amgse@mndam_gmm;_séimf@wgﬁal musebcodet | ons of
the first and Ssecond occurrences of robbed bit, si Pnal L ng g{nd di.gl pyal | oss,
to the occumoenistion SBEM masie:intarrpRectagdo the digital commurication Netwo

and adapted to receive upstream data transmission from the analog PCM
modem interconnected to an analog channel, the method comprising:

10 computer readable program code means for receiving, by the digital PCM
modem, a sequence of octets, v(n}, from the upstream PCM channel of the
digital communication network, which octets are produced from a sequence of
levels transmitted by the analog PCM modem over the analog channel and

quantized by the quantization device;

15 computer readable program code means for determining from the
received octets the digital impairments affecting the upstream PCM channet of
the digital communication network;

computer readable program code means for decoding the received octets
to y(n}; |

20 computer readable program code means for converting the received
octets, based on the quantization device and the determined upstream digital
impairments, to virtual quantizer points, va(n);

computer readable program code means for modifying octets transmitted
downstream from the digital PCM modem according to predetermined

25 downstream digital impairments to produce modified downstream octets, p(n);

computer readable program code means for converting the modified
downstream octets to modified downstream linear values, pl{n};

computer readable program code means for filtering the modified
downstream finear values, pi(n), with a downstream echo channel filter having

30  echo channel coefficients to produce a downstream echo estimation;



type of digital loss affecti ngﬂﬁﬂw‘?nnel of the digital 10
comuni cati on network. 36. The useabl e di um of claim 35 wherein
t he conputer readabl e program co$ @M{w, arl ng i ncludes conputer
readabl e program code rreans for ce rn of each of the

| mpai r ment t% % the occurrence tabl The q@musterarasseabl e
medi um of clarm é V\/nerel n the conputer readabl e program code neans for
conmparing further includes conputer reatibl e program code neans for
determ ni ng which inpairnment tables have 20 null points and corrput er
readabl e prograrmomqiatemmdabfeoprog(amaodmg'leanefoflﬂehe{ﬁﬁngtﬁﬂpﬁfqrm BY the

i npai rment t abl es uI I

det ér ni ni ng F4™EHG @ npg%#ﬁﬁts &(ﬁgﬁﬁs&%éﬁalgﬁeﬁ%ggﬁ?rgﬁce abl es

| ng: cati nghtd%ow@?@faﬂ?ﬂ gital |oss associated with the matching inpairnent
table is the type o | oss affegting.th he '
conmput er useabl ecﬁ@&lﬂﬁ'ﬁ Gaa@fea?rﬁg?fn\?ﬂ n?ﬁ%”@&%ﬁfg} %bg‘gcf%bapegprogram
code meags fﬂeﬁ%ﬁ?@ﬁéﬁ@tﬁé@ﬁ&ﬁ”gﬂﬂ@hﬂdﬁmﬁﬂiﬁdhetvnsmnlﬁh%rprahg!sam code
means for conparing, when no null point patterns match, the probability

patterns of RItN. i npai rment tables not having null points 30 and conputer
readabl e program code neans for determ ning which probability pattern
mat ches the occurrence table indicating the type of digital |oss

61. The method of claim 2 whereln%he step of denvmg mc?udes eliminating

certain types of RBS and digital loss as being possible types affecting the digital
10 communication network when there are received digitat values that exceed a
predetermined value.

62. The device of claim 17 wherein the logic for deriving includes logic for
eliminating certain types of RBS and digital loss as béing possible types

15 affecting the digital communication network when there are received digital
values that exceed a predetermined value.

63. The computer useable medium of claim 32 wherein the computer
readable program code means for deriving includes computer readable program

20 code means for eliminating certain types of RBS and digital loss as being
possible types affecting the digital communication network when there are
received digital values that exceed a predetermined value.

64. .The computer data signal of claim 47 wherein the computer readable

25  program code means for deriving includes computer readable program code
means for eliminating certain types of RBS and digital ioss as being possible
types affecting the digital communication network when there are received digital
values that exceed a predetermined value.



—

Z\?S(gﬂ?{ 23234“ th the matching H“““I““mm“lu)l!l] is the F%{au(??8{jizgrfgl 3;5055

affecting the digital network.* 39. “Th® conputer useabl e medi um of claim 38
wherein the conputer 5 readable program code neans for d?EerJE 4f34¢r ther

i ncl udes compov#ssieadabl e program codggneans for conmparing a plurality of

| npai rment tables, corresponding to different conbinations of the first and

d f bbed bit si | i | Qi h
occurrence Baol da adot Pl coge magiRs BRI HoguBieontBRed IONE®, (1o

bit signali &ﬁitéﬁo‘ﬁ%ﬂﬂrﬂ@aﬁdh&wéﬂ@éﬂdmmdﬁ rectiag data wAnsmhission fpTLan
conmuni cati Of net wor [

_ for each tine interval. %'ga The %ﬁnagéler useabl e
medi um of chnalog PCMmsdemintereoneriag: teran-anaioghehangeb & BRe means for
compari ng | gel HaGS (RUBHiERnlSAY0 phaRg eAbAYE) a9d Torenthg onaspearng a

pattern of Irment tablés to 1 t he occurrence.tables. 41.
The conpyt egchisiirbtincattditherupstrasn datatmnsmissignmatthe it et 2 OH2PEI3BI e

program code mnmeans faor. c ' | @&}B‘tﬁ}ﬁcmmﬁ} pr ogram

code neans SﬁY'C%E?L@eﬁi%(ﬂ%degﬁ' é#r%ylaﬁ%%ﬂr??ﬁbgﬁts have 20 nul | poi nts and

conparing t iy avdidg PCM tnopetn, eomprisihgt he i npai rnent tabl es having nul |

points to the occuryencg table, c ter m fhereans

for determ ning Felce'éﬂ’i‘?’W*Wég'fﬁa?ﬁ%m%ﬁ?}%gﬁeéﬁ%@%@ C tgﬁ{é@bg@&?rence

tabl es indi gatidiin PloM bdae?bi thaadigital sbmemmivation cetwalrk, vttitiedctetstarei gnal i ng
10 produced from a sequence ot levels transmitted by the analog PCM modem over

the analog channel and quantized;
determining from the received octets the digital impairments affecting the
upstrearm PCM channel of the digital communication network;
gonverting the received octets to received linear values, vi{n);
15 receiving a reference directed sequence of the levels transmitted by the
analog PCM modem;
fitering the reference directed sequence with an analog channel filter
having analog channel coefficients to produce a filtered reference directed
sequence;
20 adding to the filtered referance directed sequence an estimated
downstream echo;
quantizing the filtered reference directed sequence 1o produce a
sequence of reference directed octets; '
modifying the sequence of reference directed octets according to the
25 determined upstream digital impairments to produce an eslimated sequence of
octets, v{n)y’, which is an estimation of the sequence of received octets, v(n);
converting the estimated sequence of octets, v(n) to estimated linear
values, vi(n)';
'generating an error signal by taking the difference between the received
30 linear values, vi{n}, and the estimated linear values, vi(n); and
estimating the analog channel coefficients using the error signal and the

reference directed sequence of the levels;



associated wth the matching inpairnent table is the type of the first
occurrence 25 of robbed b|t sJﬂM“Mlﬂ"uﬂtH'I g the d| gital for each tine
interval. 42. The conputer us | ai m 41 wherein the conputer
readabl e program code neans for co ai’l n furt'her incl udes conput er

readabl e progy gg% ?(ge nmeans for comparing, when no null popdtpddatdes ns 30
mat ch, the proba Ity patterns of the sogwpairnent tables not having null

poi nts and conput er readabl e program code neans for determ ni ng which

pr obability patt %di‘hf?’ﬁé%ﬁé‘fs fr&@snﬂﬁé&'ﬂ&ﬁﬁﬁ%aﬁﬁbﬁ thé‘@!g‘ﬁéif”@& thb8ethype of the
first occurrence of

PCT/ US98/ 24mo@mgrt@mfe@etsfmm§¢ @lﬁwnstf@aragmél impairmeEnistotpreducs mediigd
| mpai r ment t of the first occurrence of robbed bit
ioPRicBirbdim daferd ¥R, ©

signaling af ng network for each tine interval. 5 43.
The conput er useabrh\em@diharmmmﬂeﬁ aiwnsreawhectetisio nvalifiidudonstregan lincame
intervals are robb?c; bit signaling tine intervals. WO 99/ 34504

PCT/ US98F 24 ¥8liiesypin

filtering the modified downstream [inear values, pl(n), with a downstream
echo channel! filter having echo channel coefficients to produce an estimated
downstream echo; and
updating the echo channel coefficients using the error signal and the
10 modified downstream linear values, pl{n).



44. A conputer useabl e nmedi um havi ng conput er readabl e program code neans
enbodi ed therein for estimating the coefficients of the anal og channel for
use In a digital pulse code nodul ation (PCM nodeminterconnected to the 5
di gital conmunication network and adapted to receive data transm ssion from
an anal og PCworssdasei nt er connected to an anal og channel, CcREFYSIFPATH
conput er readabl e program code neans for receiving, by the digital PCM
nmodem a sequence of octets, v(n), frobildhe upstream PCM channel of the

di gi tal communi cation network, which octets are produced froma sequence of
10 levels transmtted by the anal og PCM nodem over the anal og channel and
quanti zed; conputer readabl e program code ans for determning fromthe
received octets the digital inpairnment ffecting the upstream PCM channel
of the digital co icat'on net rlﬁ 7 conputer rea | .program code
means for converdt+nag—tt "‘} ed—pet-at-o—tro—pcetved—Hhn es, vl(n);
conput er readablie p ode neaphs_flor_ rjecetving a referen i
sequence of the{l Bopl@ sRe{t@d| Bs |t s |aRzl og POM*odgfz
readabl e program cofle fo fi terling{thejreference 20 i

sequence with an En aINﬁg N@n e Ner Hr'awN{Q anal og charnpri¥§)
to pr OdUCG a fil St—referent ectet—s free—conpt-et eadabl e

program code neins—ﬁ—e#—q&a-m—f—z—a—»c@ﬁﬁie RBStBERi’@DFe-f—e-r—enee—dJr—kee(-‘eid sequence
to produce a sedquence of ref ere/gy directed octets; conputer readable

program code neans for nodifyi ng/t he sequence of PRIOR ART
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25 reference directed octets according to the determ ned upstream digital

I npai rnments to produce an estinmated sequence of octets, v(n)', which is an
estimation of the sequence of received octets, v(n); conputer readable
program code nmeans for converting the estinmated sequence of octets, v(n)'
to estinatedwbg&?g&ivalues, vli(n)'; 30 conput er readablgsspsdYr am code
means for generating an error signal by taking the difference between the
recei ved |inear values, vl(n), and tgﬁsestinated | i near val ues, vl(n)'; and
WD 99/ 34504 PCT/ US98/ 24734 38
conput er readabl e program code neans for estimating the anal og channel
coefficients using the error signal and the reference directed sequence of
the | evel s. WO 99/ 34504

PCT/ US98/ 24734 39 45~ A cO t&hiuseable medi um havi ng corgput er readabl e

program code neans g¢abodi ed theréin for estimating dowgft m echo
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upstream data transm ssion y(n) at the input of a quantization device
caused by 5 downstream data transm ssion froma digital PCM nodemto an
anal og PCM nodem for use in a digital pulse code nodul ati on (PCM nodem
interconnected to the digital comunication network and agdaptes,iRsreceive
upst r eam datWoOP#%ni ssi on fromthe anal og PCM nodem i nter connected to an
anal og channel, the nethod conprising: 10 conput er readabl e program
code neans for receiving, by the di #8l PCM nodem a sequence of octets,

v(n), fromthe upstream PCH chgnnel of the digital comunication network,
whi ch octets are produced \Fjgﬁra sequence of levels transmtted by the

‘anal og PCM nodem over?ghe_ ized by the quantization
devi ce; 15 conputer readabl egrogram code negns~kor determ ning from
the received octets the difgital inp&frments affectidg he upstream PCM
channel of the digital co i #ation network;
code neans for decodi ﬁh;@i—%&-@@te{ﬁ—t
readabl e program code ne@ns fforfonverting the

the quantization de¥gce i f@eBflet er mi neu
virtual quantizer poi sl vgn)e} conput er

f @ eadabl e program
¥~ 20 conput er
:(lecei vdd octets, based on

ﬁeaméiilgital i npai rnents, to -
e
e d

dgram code neans for
modi fying octets trangmiktted stream from™ i gi tlal PCM nodem
according to predeter%nbd 25 tdownstream di gi ¥al A npdi rments to produce

nmodi fi ed downstream ocEet s, (”)é conput er ré¢adapl e pr‘ogr am code neans for
i i fi I © v v |IZw | .-
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downstream octets to nodified downstream | i near val ues, pl(n); conputer
readabl e program code neans for filtering the nodified dowstream i near
val ues, pl(n), with a downstream echo channel filter having 30 echo
channel coefficients to produce a downstream echo estination; WO

99/ 34504 0 99/34504 PCT/ Upegigesrdn4 40
conput er reaghb e program code neans for generating an error signal by
summi ng the virtual quantizer points, ggfn), the estimated downstream echo
and decoded y(n); and conputer readable program code neans for updating the
echo channel coefficients using the error signal and the nodified
downstream | i near val ues, pl(n). WO 99/ 34504

PCT/ US98/ 24734 41 46. A conputer data signhal enbodied in a carrier wave,

sherel D ervod:ed 1 L e conbiie) Py cos goelmmygeeofputcf 1 eadebl o program
code nodul ati on 0 Xp ,
1 0
2 Xo
3 0
4 Xg
. .
] ®
127 0
60
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(PCM channel in a digital conmunication network, conprising: 5

conput er readabl e program code neans for receiving, by a digital PCM nodem
i nterconnected to the digital comrunication network, a random sequence of
digital values selected froma constellation of digital values transmtted
over the upstwe@ss$eM channel of the digital communicati onPEYRER434 10
conput er readabl e program code neans for establishing distributions of the
recei ved digital values, each distri bl n corresponding to one of a
plurality of time intervals; raRd—corpu-e—aadable—program code neans for
deriving fromthe distributiprign)hie tgims of mfmibed Hit signaling and
digital loss affecting the 1% f the digital
conmmuni cation network for eagh i inQerval . 47. THe conputer data signa
of claim46 wherein the conplytet rieadalll e program code nmeans for

est abl i shing includes conput ¢r 2eadabl  programcode {20 neans for

est abl i shing occurrence tabl ¢s Jor{ the3constel l-ationjof digital values from
t he received random sequence}by4 el nt aigni ng a count df the nunber tines
each of the digital values ih the [constell ation,is rdceived by the digital
PCM nodem during each tinme iptegval . 2% 48. The corputer data signal of
claim 47 wherein there may b¢ a,fijfrst Qccurrencg of robbed bit signaling
prior to the digital |oss and second joccurrence of frobbed bit signaling
after the digital |oss. 49. T%? conpuger data signaljf of claim48 wherein
t he conmput er readable N .
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30 program code neans for deriving includes conputer readable program code
means for observing the |east significant bits of the received digital
val ues in the WD 99/ 34504
PCT/ US98/ 24734 42 distributions to determ ne the type of the second
occurrence ofydgsablag bit signaling in each tinme interval. pefwsysBaessconput er
data signal of claim49 wherein the conputer readable 5 program code
means for deriving further includes cogtgter readabl e program code neans
for conparing a plurality of inpairnment tables , corresponding to different
conmbi nations of the first and second occurrences of robbed bit signaling
and digital loss, to the occurrence-tab to determne the type of digital
| oss affecting t he upstream PCM c the digital comunication
network. 10 51. The conputer-data e @50 wherein the conputer
conput er readabl e
program code neans for conmpa gch of the inpairnment tables
to the occurrence tables. 15 REZEIVE'PBEGHRDUVMUEd a signal of claimb51
wherei n the conputer readalll e FBOMgPERRTALJNERMARIS ¥ or conparing further
i ncl udes conputer readabl e program 104
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¥
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100
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code neans for determ ning which inpairnment tables have null points and
conput er readabl e program code neans for conparing the null point patterns
of 20 t he inpai rnent tables having null points to the occurrence tables
and determning if any of the null point patterns match the_occurrence
tabl es indi cA¥QMp4s4e type of digital |oss associated wit hPEHESRET2hi ng
inpairnment table is the type of digital |oss affecting the digital. 25 53.
The conputer data signal of claim52 whdbein the conmput er readabl e program
code neans for conparing further includes conmputer readabl e program code
means for conparing, when no null point patterns match, the probability
patterns of the i M P2 RP i%l%'%&ngt havi ng null points and conputer
readabl e program code neang for determ whi ch probability pattern
matches the 30 occurrenceytable indicating the type of digital |oss .
associated wtjh th i | iiNTent ftable is the type of digital |oss
affecting the idi qi;eb Ekﬂgtbmgg LT TABIEs99/134504
PCT/ US98/ 24734 3 &QUREN@E‘ TA®IESt POR datttal si gnal of claim53 wherein the
conput er readgbl e TPMP g3LOTSC WHEREERBS2 f or} derivi ng further includes conputer
readabl e progrjam coddSmhamsPRESENTonparing a plurality of inpairnent tables
correspondi n r—odrffere oTTHT rons of t@E6first aggssecond
occurrences of and fi gital Io/9 ,to the

robbed bit gignal jpg 5

Ul Crre T rst

DETERMINE .
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TO STEP
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152
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IDT TABLE HAD 140

MOST MATCHES

154
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occurrence of robbed bit signaling affecting the upstream PCM channel of
the digital conmunication network for each tinme interval. 55. The conputer
data signal of claim54 wherein the conputer readable 10 program code
means for conparing includes conputer readabl e program code neans for
conparing a patderp, of each of the inpairment tables to tperossuirsence
tables. 56. The conputer data signal of claimb55 wherein the conputer
readabl e 15 program code neans for c ring further includes conputer
readabl e program code neans for determ ning which inpairnment tables have
nul | points and conparing the null point patterns of the inpairnent tables
havi ng nul | poi nt urgr@an t abl es and conputer readabl e program
code neans for de?gpﬁiﬁ?ﬁaogﬁ’éﬁg'g? thesygml | point patterns match the
occurrence tables 20 indigating the type of the first occurrence of robbed
bit signaling ' ' ffng i nmpairment table is the type of
the first occirrenCOMBARE oBdd PRINT si gndl ing affecting the digital for each
time interval | 57PATTERNSC OhpBEMAININEa silgnal of claim 56 wherein the
conput er readabl e 2 T T é e nmeans for conparing further includes
conput er readabl e GE conparing, when no null point
patterns matclp, the p ABME | patterng of thg.d npairnent tables not
havi ng null points and computer readable prog code nefi& for determ ning
whi ch probability pattern '
of the first occurrence g G
mat chi ng i nmpai rment t a4l e AR

E the
si gnal i ng affecting hét%ﬁ%hggT

Y .
TIME SLOT

MATCHES

¥
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WD 99/ 34504 44 58. The conputer data signal of claim46 wherein the
plurality of time intervals are robbed bit signaling tine intervals. WO
99/ 34504 PCT/ US98/ 24734 45 59. A
conput er data signal enbodied in a carrier wave, wherein enbodied in the
conput er dat awsisgm4bs are conput er readabl e program code ne&ET/USHY24T34r
estimating the coefficients of the analog channel for use In a digital
pulL.se code 5 nodulation (PCM nodem gpgerconnected to the digital

comuni cati on network and adapted to receive data transm ssion from an
anal og PCM nodem i nterconnected to an anal og channel, conprising: conputer
readabl e program code neans for receiving, by the digital PCM nodem a
sequence of octets, v(n), fromthe upstream PCM channel of the 10 digital
comuni cati on network, which octets are produced from a sequence of |evels
transmtted by the anal og PCNI%gden104ér t he anal og channel and quanti zed;
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conput er readabl e program code neans for determning fromthe received
octets the digital inpairnents affecting the upstream PCM channel of 15

the digital comuni cation network; conputer readabl e program code neans for
converting the received octets to received linear values, vl(n); conputer
readabl e progg 'ﬁ?ge means for receiving a reference diregdegogegsence of
the |l evels trans ed by the anal og PCM nodenm 20 conput er readabl e
program code neans for filtering thedﬁg%Frence di rected sequence with an
anal og channel filter having anal og nel coefficients to produce a
filtered reference directed sequence; conputer readable program code neans
for quantizing the filtered reference directed sequence to produce a
sequence of reference directed octets; 25 conmput er readabl e program
code neans for nodifying the sequence of reference directed octets
according to the deterntqﬁa up§TreaﬁTﬂtgrtaF‘|ﬁba“?ﬁﬁﬁts“rb produce an

esti mat ed sequence of octets v‘ﬁ , Wwhich is an estimatioh of the sequence
of received octets, v(n)} conputadr r readable—pr ogram-code ans for
converting the estinatediBO squehce of octets, v(n)' lto estimated |inear
val ues, vl(n)'; WO 99]1345&4 [y} m &

PCT/ US98/ 24734 46 N ~— 12
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conput er readabl e program code nmeans for generating an error signal by
taking the difference between the received |linear values, vl(n), and the
estimated |inear values, vl(n)'; and conputer readable program code neans
for estimating the anal og channel coefficients using the error signal and
t he referenceyslégsgnied sequence of the levels. WD 99/ 34BSTRUS98/24734
PCT/ US98/ 24734 47 60. A conputer data signal enbodied in a carrier wave,
wherein enbodied in the conputer datgzgkgnal are conputer readable program
code neans for estimating downstream echo i ntroduced to upstream data
transm ssion y(n) at 5 the input of a quantization device caused by
downstream data transm ssion froma digital PCM nodemto an anal og PCM
modem for use in a digital pul se code nodul ati on (PCM nodem i nterconnect ed
to the digital communication network and adapted o receive upstream data
transnission fromthe anal og PCM nbdem i nt erconnected to an anal og channel ,
the method conprising: 1 -=onput er _readabl e program cpde neans for
receiving, by the digital PCM magem a sequence of octecs v(n), fromthe
upstream PCM channel of qhe di g@a‘l comuni cati on netwok;jl Whi ch octets are
| o

produced from a sequence jof g*l.,ev&s transmtted by the a g PCM nodem over
t he analog channel and |
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gquanti zed by the quantization device; 15 conput er readabl e program
code neans for determning fromthe received octets the digital inpairnents
affecting the upstream PCM channel of the digital comrunication network;
conput er readabl e program code nmeans for decoding the received octets to
y(n); 20 conput er readabl e program code nmeans for cafyssessas t he
recei ved oct SYQ%¥ %Eed on the quantization device and the determ ned
upstreamdigital inpairnments, to virt guanti zer points, vq(n); conputer
readabl e program code neans for nndi#%& g octets transmtted downstream
fromthe digital PCM nodem according to predeterm ned 25 downstream
digital inpairnents to produce nodified downstream octets, p(n); conputer
readabl e program code neans for converting the nodified downstream octets
to nodified downstream |inear values, pl(n); conputer readable program code
means for filtering the nodified downstream|inear values, pl(n), with a
downstream echo channel filter having 30 echo channel coefficients to
produce a downstream echo estimation; WO 99/ 34504

PCT/ US98/ 24734 48 conput er readabl e program code neans for generating an
error signal by
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summ ng the virtual quantizer points, vq(n), the estinmted downstream echo
and decoded y(n); and conputer readabl e program code neans for updating the
echo channel s coefficients using the error signal and the nodified
downstream | i near values, pl(n). 61. The nmethod of cl ai mggjyg}ggéﬁyﬂ t he
step of deriydwsisee! udes elimnating certain types of RBSan 1gital |oss
as being possible types affecting the digital 10

when there are received digital val uggst hat exceed a predeterm ned val ue.
62. The device of claim 17 wherein the logic for deriving includes |ogic
for elimnating certain types of RBS and digital |oss as being possible
types 15 affecting the digital comunication network when there are

recei ved digital values_that.exceed-a—prqdet et red vatwe"63. The

conput er useatﬂ e_medi um of claim 32 wherdin the conputer readlabl e program
code neans fory d&i v_i_Qg_i__n_gl_uges_c_onput_,ed.Leadlabl-e—weg-r-a-rrhzg code neans
for elimnating Bertain types of RBS and Idi gi tal | oss as being possible
types affecting @é digi t al,s communi catiqgl net lork when therlelare received
di gi tal val uesj t kat egedﬁ\p__edetcg mpeld vallue. 64. Thed qonputer data
signal of claim 47 whepein t he|Gogg@t eriTleadail e 25 progrdm,code means for
deriving includes reacﬁbﬂ—% brogglam cdde means for lelii mi nat i ng
certain types pf g and digitd°1oe9% ak=beind possible ty eg affecting the
di gital comuni catijon network w e1 0 nert% re recei v,gd di gi taly val ued that

communi cati on networ k

exceed a predeternijned yal ue. = e
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WO 99/ 34504 PCT/ US98/ 24734 49 65.
In a digital pulse code nodul ation (PCM nbdeminterconnected to the

di gi tal conmuni cation network and adapted to receive data transm ssion from
an anal og PCM nodem i nterconnected to an anal og channel, a nethod for
estimating the coefficients of the anal og channel and for ggtipsambing

downst ream 5 WOMIY i ntroduced to the upstream data transm ssion at the

i nput of a quantization device caused downstream data transm ssion from
the digital PCM nodemto the anal og nodem conprising: receiving, by
the digital PCM nodem a sequence of octets, v(n), fromthe upstream PCM
channel of the digital communication network, which octets are 10 produced
froma sequence of levels transmtted by the anal og PCM nodem over the

anal og channel and quantized; determning fromthe received octets the
digital inpairnments affectig e apStTEam PCOM channél~ of the digital
communi cation network; éonvertingthe received octets to regeived |inear

val ues, vl(n); 15 by ecei vi N a -t eference—drrected sgquence of the

| evel s transmitted by tt‘lg\ar@l ogsCM nodem filtering t reference

directed sequence with #[Earﬁal ogXhannel filter having anal pg channel
coefficients to produceia>'fil erediyeference directed €
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sequence; 20 adding to the filtered reference directed sequence an
esti mated downstream echo; quantizing the filtered reference directed
sequence to produce a sequence of reference directed octets; nodifying the
sequence of reference directed octets according to the 25 determn ned
upstream di gwobsiésepal rments to produce an esti mated sequéﬁ%@mﬁvuggtets,
v(n)', which is an estinmation of the sequence of received octets, v(n);
converting the estimted sequence ofzgptets, v(n)' to estimated |inear

val ues, vl(n)'; generating an error signal by taking the difference between

the received 30 |inear values, vl(n), and the estimated |inear val ues,
vi(n)'; and estimating the anal og channel coefficients using the error
signal and the reference directed sequence of the |evels; WO 99/ 34504

PCT/ US98/ 24734 50 nodifying.octets transmtted-dowastream-kromthe digital
PCM nodem according to pyedeterpned downstreamdigital inpairments to
produce nodified downstream octégs, p(n)._converting the nddified
downstream octets to nodjfiged d&ﬁ@strean1linear g |
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produce an estinmated downstream echo; and updating tﬁgngchf In(r:1|e| nis to
"AA'

coefficients using the error si %A
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(57) Abstract

A device an method for detscting digital impairments affecting an upstream pulse code modulation (PCM) channel in a digital
communication network (36), involves: receiving, by a digital PCM modem (38} interconnected to the digital communication network (36),
a random sequence of digital values selected from a constellation of digital values transmitted over the upstream PCM channel of the digital
communication network (36); establishing distributions of the Teceived digital values, each distribution corresponding to one of 2 plurality
of time intervals; and deriving from the distributions the types of robbed bit signaling and digital loss affecting the upstream PCM channel
of the digital communication network (36) for each time interval,




