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FAULT MANAGEMENT SYSTEM FOR A TELECOVMUNI CATI ONS
NETWORK woo9/esas This invention relates to a fault necagEyeud’seyst em
for managing faults in 5 the termnating circuits of a tel econmuni cations

network and also to a nethod of operating such a fault managenent
system A conventional publit tel ecommuni cations network
conprises a relatively smal | nunber of interconnected main swtches and
a nmuch | arger nunber of |ocal swi tches, each of which is connected to

one or two main swtches. ThemMMMMe connected to the
termnating circuits of t W ends of these circuits
are connected to term nal ?&Eﬁ S *IP% T YRK I nstruments
provi ded for users of the netvvork. The network forned fromthe main
switches and | ocal__.sw tches i s the core network whi| e a network
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net wor k ors atHeOQa'hméﬁnd ammts lof attbliesorsmenitdtions hetvork iahd \atsbl toemegiograted to
as an access_networ fma term nati ng circuits are connected to a
renot e conceﬂ??ﬁ??%sucm et AP S0 Y HET have switching capability,

The renote concentA abﬁvermSnél hﬁbh@mmmdaﬁm& heﬁ%}k compnﬁé‘sfachlank/ayt hi s
specificatio

oca tch” to b rpreted to cover
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of these circuits are connected to terminal equipment such as telephone

instruments provided for users of the network. The network formed from the main
switches and local switches is known as the core network while a network formed
from the terminating circuits is .known variously as an access network or a local

15 loop. In this specification, it will be referred to as an access network. Some
terminating circuits are connected tc a remote concentrator, which may or may not
have switching capability. The remote concentrator is then connected to a local
switch. |n this specification, the term “local switch” is to be interpreted to cover
both local switches and remote cancentrators.

20 In a conventional access netwark, each terminating circuit is formed from
a pair of copper wires. Typically, each pair of copper wires pass through a series
of nodes between the Jocal switch and terminal equipment. Examples of such
nodes are primary cross-connect points, secondary cross-connect points,
distribution points and joints.

25 Recently, aoptical fibres have been used to carry terminating circuits in
access networks. in a modern access network, both pairs of copper wires and
optical fibres are used to carry the terminating circuits. Where a terminating circuit
is carried by an optical fibre, the circuit will typicaily pass through several nodes
between the local switch and the terminal equipment. At each node, the incoming

3G fibre trom the iocal switch is split into a group of outgoing fibres which branch out
in various directions. Where a terminating circuit is carried by an optical fibre

from the local switch, the last part of the circuit may be carried by a pair of copper
wires,



of nodes between the |l ocal switch and term nal equi pnent. Exanples of such
nodes are primry cross-connect points, secondary cross-connect points,

distribution points and joints. 25 Recently, optical fibres have
been used to carry termnating circuits in access np&vRBYFo27IsN a
noder n acc¥WOS™E¥hor k, bot h pairs of copper wires and optical fibres
are used to carry the termnating circuits. Wiere a termnating circuit
is carried by an optical fibre, the cirguit will typically pass through
several nodes between the | ocal sw {ch and the term nal equi pment. At

each node, the incomng 30 fibre fromthe local switch is split into a
group of outgoing,fibres which.branch aut I n_varjous directions VWher e
a termnating cire %otmf‘%telé'af?’f"é'?ﬂw cgﬁu'gspf'riec%{?"ﬁ‘ f“o%éalts' In Presverionaheal
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convent i onalwisscaszardt ihe kauses afiphe Sauah irmlicle idqedstd vane idtoSsE atdesdd on, a
short ck%guu} pg&gggn ghe g wires of a pair of wires, and a short
circuit bat ERPYRS 8% "1 A8°Wres and earth. The causes of the faults

i ncl ude i ngress ofoswh@itchast 0e providetodéah arduia tssning apsdramk vecmgaytke a node.

Local switches,are ovided with circui esti ng, appar at us ich may be
used to test™FY gotteer{ri“ﬁattefrﬁﬁwg}gr TS twv&eennaac E?é’%grrr@f’o' seﬁ\gfa["t an f%ult on

a t er mi netmingingicircuit, tthe tin@uitoiay then beargsted enidestify ebd tlittcondidemt if y t he
S et Ay i
t he node 18t thékcatigraeft the Maultl dndtdpen ehe hodzeat' thatjossien. 1 the engineer’s guess

is wrong, he will have to open one or more further nodes before finding and

repairing the fault. Sometimes an engineer will have to open each fault in turn

between the local switch and the terminal equipment until he finds a node where

the fault is present. Typically, ip a conventional access network, an engineer will

15 open between 2.5 and 3 nodes on average before locating a fault.

The present practice for locating faults thus suffers from two problems.
Firstly, it is time consuming for an engineer to have to open several nodes before
jocating and repairing a fault., Secondly, as the nodes are of a delicate
construction, each time an engineer opens a node he will damage the node with

20 the resuit that there is another fault on a terminating circuit.

According to one aspect of this invention there is provided a fauk
management system for a telecommunications network including a local switch
and a set of terminating circuits extending between said local switch and terminal
equipment provided for users of the network, each of said terminating circuits

25 passing through a series of nodes between said local switch and its respective
terminal equipment, said fault management system comprising:

circuit testing apparatus located at said local switch and arranged to
perform circuit tests on said terminating circuits;

a store containing data relating to said terminating circuits and said nodes;

30 means for instructing said circuit testing apparatus to perform a set of

tests on one of said terminating circuits;

This Sheet Has Been Re{ilaced THIS SHEET HAS BEEﬂ

KA FAAD




Is wong, he will have to open one or nore further nodes before finding and
repairing the fault. Sonetines an engineer will have to open each node in
turn between the local switch and the term nal equi pnent until he finds
a node wher gqorpedeie fault is present. Typically, in a coRCE/OBI@NIA6 access
network, an engineer wll 15 open between 2.5 and 3 nodes on average

before locating a fault. The present practice for |ocating
faults thus suffers fromtwo problens. 3 Firstly, it is time consun ng
for an engineer to have to open several nodes before | ocating and

repairing a fault. Secondly, as the nodes are of a delicate
construction, eachn¢dnsgoatheeRigy nberesotoen{saaenoﬁ&stsepaﬁohhedjavragie difeeit node
with 20 the,r Ls anot her f ter nating.circuit

| t :
A fault nanaéeé’ﬁéqli?ppa'g}kﬁgoé F%B'(fsenceé}n art pec?éeg tteaH{2 %ﬁ?d %Pe‘c g WﬁaBnga'f’%d | SDN
faul t managesmesriges ys paiatice Sedultragak ivhed adaylt uelsukmmm 90, Session 802,
paper 7, volune 3 es 1503 to 1507.
This fault rrarfg%)a@ﬁeﬁ"( Dgwgbﬁ?l %‘ea'ﬁddéa?(pée}c 'f'att’ﬁ%\ﬁf)% &8I MREPs2f aul t
messages f% onuspbeted éduhois lprezbemrent s and anal yses them to find fault
| ocati ons. cco n pegLt of this invention there is
provided a fault ™aEdAR %Vé?‘r?(?%['gg g?e%gﬁ‘%r nofjglogc?otmﬂ?tglgt‘f"&ﬂg ilH%f’%ork
i ncludi ng a bicala mmshuspecteainwdhnahsatrewtst E!Tenhklemqodg)fdhe Gusﬁe%tadxiaelﬁdl ng
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t he networ k termnating $CGrts assrn series

of nodes bet viaewssa:teti Fmﬂzadndsdata chntamdd |lrt said gdappestbievie evaluatiy thensa:lore.

equi pnent,5sgifd fault management system conprising:

circuit testing apparatus |located at said | ocal switch and arranged to

performcircuit testansoferganidng evodenaf i angeraiinatiog taircuin ot ihishcentaaitnisng dat a

relating to suspected in accordance with their scores found by said evaluating means;

whereby, in use, after testing a circuit on which a fault is suspected, a list
is produced of the nodes on.said circuit in which the nodes are ranked in

15 accordance with the likelihood of the fault being present at each node,

With this invention, as a result of ranking the nodes on a terminating
circuit on which a fault is suspected in accordance with the likelihood of the fault
being present at each node, an engineer can be directed to the node at which it is
most likely that the fault is present. Although with this invention the engineer is

20 not directed to the correct node on every occasion, the present invention does
reduce the number of nodes which an engineer has to open before locating fauits.
On average, when using the invention in a convenventional access network, it is
estimated that an engineer wilt need to open less than 1.5 nodes before finding the
node at which a fault is present.

25 According to a second aspect of this invention, there is provided a fault
management system for a telecommunications network, said telecommunications -
network including a focal switch and a set of terminating circuits extending
between said local switch and terminal equipment provided for users of the
network, each of said terminating circuits passing through a series of nodes

30 between said local switch and its respective terminal equipment, said fault
management system comprising:

circuit testing apparatus located at said local switch and arranged to

perform circuit tests on said terminating circuits;



said termnating circuits and sai d nodes; means for instructing
said circuit testing apparatus to performa set of 5 tests on one of said
termnating circuits; WD 97/ 19544
PCT/ GB96/ 02756 Bo
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means for ?F?e"é"il?sﬂﬁ the results of a set of tests perfornmed by sa‘i;r circuit
testing apparatus for the presence of a suspected fault, said checking

means bei ng arranged to produce a faault report when a fault is
suspect ed; means for identifying the nodes of a term nating
circuit on which a 5 suspected fault is present; means for

eval uating a scorggd Ay Rar- VNN aloTHeY Lt i ne on whi ch
a fault is suspect%ﬁ#ﬁ%&&ﬁgﬁggggﬁ?gnQiﬁﬂ‘f@gltl .ggdgpg?‘]at Se suspected fault
bei ng present at Foisecoropiger syhtein doglidiag jangfoieeeemainiog rigta melatingutot sai@por t

rel ating t OpeminaliflfcitdinPehd S8afddst and data contained in said data store
I n evaluating the score; 10 and nmeans for ranking nodes of a

term nating circuidd exmmuierceystent aing dogtrolied layispleasteens progrecosaande wit h
their scq eaerichrmeleongoerﬁloﬂ@:t' ng neans; wher eby, in use,

after testing a circurt on which a fault is suspected, a list S
produced of the rioHeist saidFicdt testiogiapparatugip dierfome arrst ot testeonanked in 15
accordance W4 RerfbHarihg Kddidood of the fault being present at each node.
Wth this invention, as a result of ranking the nodes on a term nating
circuit on which deelidhe resultsyafpacsaidel| testc esrfermede byisald ciieuiy testirbhood of

the fault apparatus for the presence of a suspected fauit and produce a fault report when a
10 suspected fault is present;
identify the nodes of a terminating circuit on which a suspected fault is
present;
evaluate a score for each node on a terminating circuit on which a fault is
suspected which represents the likelihood of the suspected fault being present at
15 the node by using the fault report relating to the suspected fault and data
contained in said store; and
rank nodes of a terminating circuit on which a fault is suspected in
accordance with their scores.
According to a third aspect of this invention, there is provided a method of
20 operating a fault management system for a telecommunications network, said
telecommunications network inciuding a local switch and a set of terminating
circuits extending between said local switch and terminal equipment provided for
users of the network, each of said terminating circuits passing through a series of
nodes between said local switch and its respective terminal equipment, said fault
25 management system comprising:
circuit testing apparatus located at said local switch and arranged to
perform circuit tests on said terminating circuits; and
a computer system for controlling the circuit testing apparatus, said
computer system including a store containing data relating to said terminating
30 circuits and said nodes;
said method comprising the following steps performed by said computer

system:



bei ng present at each node, an engineer can be directed to the node at
which it is nost likely that the fault is present. Although with this

i nvention the engineer is 20 not directed to the correct node on every
'occasion, t Piesgnt i nvention does reduce t he nunbepcoicpesstess Whi ch
an engi neer has to open before |locating faults. On average, when using
the invention in a convenventional access network, it is estimated that
an engineer will need to open less thangl.5 nodes before finding the

node at which a fault is present. 25 According to a second aspect
of this invention, there is provided a fault managenent systemfor a

t el ecommuni cat i onsmﬂﬂr&m? laidScicGit edtRg APPRHatUE LI JRFBrm a sef @ WetK oh Rk Udi Ng a
| ocal switch and a set of termnating circuits extending bet ween sai d

| ocal swit chha¥d tEP¥ReHRY ciefiiSpment provi ded for users of the net wor K,

each of said termfabkiRg tkd FeBUkd 5 BRSSdNEG tebis YetBrniedS BY 15618 Hhuib Q6l@Rg 30
between said |ocal switch and its respective term nal equipnment, sard fault

equi
management s yRRAEMUE Efhe Srasgnce of a suspected fault and; progusing & fpullysasrhmien| ocat ed

at sai d | ogaly sp¥pectdd famdisresnged to performcircuit tests on said

terminating circuits; , WO 97/ 19544 o
PCT/ GB96/ 02756 when a fault is suspected, identifying the nodes of the termingting circuit

a conputer systvitied @& fapekalsgedtedai d circuit testing apparatus;
said conmputer systemincluding a store containing data relating to said

termnating circui gvaluating §a?999%6ﬂe§a°h of said nodes of the terminating circuit on
which a fault is suspected which represents the likelihood of the suspected fauit

10 being present at the node based on the fault report relating to the suspected fault
" and using data contained in said data store; and

ranking the nodes on the terminating line on which the fault is suspected
in accordance with the scores found in said step of evaluating scores.

This invention will nows be described in more detail, by way of example,

16 with reference to the drawings in which:

Figure 1 is a biock diagram of an access network and an associated local
switch which form part of a telecommunications network in which the present
invention may be used:

Figure 2 is a block diagram showing the arrangement of some of the local

20 switches and main switches of the telecommunications network mentioned with
reference to Figure 1;

Figure 3 is a block diagram showing the components of the
telecommunications network which are used to provide a fault management
system embodying this invention for the access netwark of Figure 1;

25 Figure 4 is a black diagram of the main hardware components of a typical
computer;

Figure 5 is a flow chart of the steps which are performed in the fauit
management system to obtain reference data on a node of the access network;

Figure 6 is a flow chart of the steps which are performed in the fault

30 management system in estimating the location of a suspected fault in the access
network;

Figure 7 is a functional block diagram of the fault management system;



sai d conmputer system being controlled by at |east one programso as to 5

performthe foll ow ng operations: Instruct said circuit testing
apparatus to performa set of tests on one of said term nating
‘circuits,; check the results of a set of testgtrsikpsAed by said

circuit tM@MNI  apparatus for the presence of a suspected fault and
produce a fault report when a 10 suspected fault is present;

‘identify the nodes of a termnating circuit on which a suspected fault is
present; eval uate a score Por each node on a terninati ng
circuit on which a fault is suspected which represents the, |ikelihood
of the suspected_fault .being.present.at 15 the n by using the fault
report relating tFé?uft’né 'ssEué‘fﬁg%{)g'ggﬁ‘ag’ui"fm?%’(?g REk: 5195 E'Tv?ﬁf%{f"ﬁ‘gﬁtsi‘?‘uh'gtéi d
store; and are made when testmple eodiestiref cigutter m nating circuit on which a fault
IS suspected in _._agcordance with theiy scores. . ,According to
a third aspect of % 'isnavgﬁ'fvi gt p Eté?ees{egs pr 6%'] S P HEEASD Be 3t

oper at i ng ambmagetnennapgenent meystrethel operatidnel ecaitiam bt ahé Godesnot Waé k, sai d
tel ecomnéniacc%teg ons n&t_work including a local switch and a set of

t er m nat i"ng?°%S WP t s ext endi ng between said I ocal switch and term nal
equi pment provi dEgufolo is a gtasplIilisohtiidicowmatresistsncecadiie Bfcoadrted iRta™ Nat i ng
circuits passin hr.ou a series of nodes_ het ween sai.d | ocal switch
ond Tts”r oatiPid W el Sl Rincons ot G, PROME T 188 ben it oot em
conpri si ng: Figure 9; and circuit testing apparatus |ocated at said | ocal
swtch and arranged t . _perfor ircuy tests on ,said termnating
circuits; and g:iegure Vs 2 %8%5’? 8$"n§y§é'é?nef(8?m(‘:%"ﬁ?tr'E)els?lltsn %f%ﬁ‘?%chcui t

t esti ng @pparcsitatipg nedescby usingctwestepsrshewstie thei fivey clthrngf Bigwe®:. e cont ai ni ng
data relating to | d termnati 3 | |t d | S,

sai d net hod corrprﬁigelrﬁngg t eVt o :F%\%reng’ gbéggg psZ‘P or?ré%lagysg‘g%?d%oar?gu?er
system conventional access network 12 connected to the local switch 10. The local

switch 10 and the access network 12 form part of a public telecommunications
network. The Jocal switch 10 ig connecred to the terminating circuits or lines of

15 the access network 12. Typically, a local switch is connected to several thousand
terminating circuits. E£ach terminating circuit or line passes through several nodes
before reaching its respective terminal equipment. These nodes comprise primary
cross-connect points, secondary cross-connect points, distribution points and
junctions and examples of these nodes will be described below.

20 In the conventional access network 12 shown in Figure 1, each
terminating circuit or line is formed from a pair of copper wires. The copper wires
leave the local switch 10 in the form of one or more cables. One of these cables
is shown in Figure 1 and indicated by reference numeral 14. The far end of cable
14 from switch 10 is connected to a primary cross-connect point 18 which may be

25 housed in a street cabinet or underground junction box. From the primary cross-
connect point 16, the terminating lines branch ocut as cables in several directions.
For simplicity, in Figure 1 there are shown only three cables 18, 20 and 22. The
far end of cable 18 is connected to a joint 19. The joint 19 is connected by cable
21 to a secondary cross-connect point 24, The far ends of cables 20 and 22 are

30 connected, respectively, to secondary cross-connect points 26 and 28. For
reasons of simplicity, the continuations of the terminating lines beyond secondary

cross-connect points 24 and 26 are not shown. The secondary cross-connect
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instructing said circuit testing apparatus to performa set of tests on one
of said terwﬁ;&g&g circuits; checki ng t he repugricBosnzrishe set
of tests perforned by said circuit testing apparatus for the presence
of a suspected fault and producing a fault report when 5 a suspected
fault is present; when a fault is suspected, identifying the
nodes of the termnating circuit on which the fault is suspected;

eval uating a score for each of said nodes of the termnating circuit on
whi cha faul boh 49806108 W0ins0sdARTGRABA DotdiOubibh b BI6kapLa Jfie BpSPECT ed
ault 10 bei ng present at the node based on the fault 'report relating to
t he suspect ebielpwdreund.  and using data contained in said data store; and
| naccor dance it H ERe g GerirBaptrelieornB, Gl e Wiy ik bRERC"!
Thi s inventi out again inrseverbiedictetensi ingble farrmnafrasbleet diyl wavbef ilkespratbn, eigurpl e, 15
\(/jv: ;h ref er§nqeshtogzst &%quraw ,Sa gn4¥\h.éé§»}ﬂ'ig the sego?dary chgisQHrgr?ecg glﬁi?\t aZBbl ock
gram of “an access network ‘and an assocl ate ocal SW whi¢h form
part of a teCedesnfiinnddtiansonmeciedr kespectivhivcte ioines A€ @sdAB. Joint§ AGendi on may
some of the (LT ST oL TEpEaha 3 Bls Hoeh g e e B e e
net wor k ment conmedtedite [distributipepeintsnzeandd8i gure 1;
The far end of cable 42 is connected to a joint 60. The joint 60 is
10 connected by cabie 62 to a distribution point 64. For reasons of simplicity, the
terminating lines beyond distribution points 54 and 56 are not shown.
Distribution points are implemented as junctions boxes which are typically
located on telephone poles. From each distribution point, the terminating lines
branch out as single copper wire pairs to where terminal equipment provided for a
15 user of the network is located. By way of llustration, Figure 1 shows twao single
copper wire pairs 70, 72, leaving the distribution point 64. The far ends of copper
wire pairs 70 and 72 are connected, respectively, to terminat equipment 74, 76.
As is well known, terminal equipment may take various forms. For example,
terminal equipment may be a public telephone located in a public telephone box, a
20 telephone instrument located in a domestic house or an office, or a fax machine or
a computer located in a customer’s premises.
In the example shown in Figure 1, each of the joints 19, 46, 48 and 60 is
used to connect two cables together. Joints may also be used to corinect two or
more smalfer cables to a larger cable.
25 The cable 14 is housed in a duct. The air in the cable 14 is kept at a
pressure above ambient pressure. This discourages ingress of water 1o the cable
14,
In each terminating line, the two wires of each pair are designated as the
A wire and the B wire. At the local switch 10, in order 1o supply current to the
30 line, a bias voltage of 50V is applied between the A wire and the B wire. As the
bias voitage was applied in the early exchanges by using a battery, the bias

voltage is still known as the battery voltage. In the terminal equipment, the A wire



Figure 3 is a block diagram show ng the conponents of the

t el ecommuni cati ons network which are used to provide a fault managenent
system enbodying this invention for the access network of Figure 1; 25
Figure 4 is a block diagramof the main hardware conpone pi cal
co?rputer; WO 97/19544 Figure 5 is a flow chart of the stemp‘):;” s -;sgre
performed in the fault managenent systemto obtain reference data on a
node of the access network; Figure 6 is a flow chart of the
steps which are perfornmed in the fault §0 managenent systemin estimating
the location of a suspected fault in the access net wor k;
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PCT/ GB96/ 0278lten the terminal equipment is not in use, 6
Figure 8 is a cirgyj Lagram L] lustrat] QIR he measuyrenents which
are nmade when tes'ﬁ H!r’]téerg" or ﬁ\q‘hg‘it #nng‘em TI’C%%??& % afe p"’“eg?gﬁﬁ‘é- 9{"?% a flow
chart of thenaitepssesiof thesarfailisard moresd of watdranti pbydical damagenagmeddtesyst em
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val ue i s coreggiptmedt.i Mhereaare five main faults which occur due to causes arising in the
nodes. These fauits are disconnection, short circuit, fauity battery voltage,
earthing fault and low insulation resistance. A disconnection arises where a
terminating Jine is interrupted between the local switch and the terminal
10 equipment. A short circuit arises where the A wire and B wire of a line are
connected together. A faulty battery voltage arises where the A wire or the B wire
of a terminating line has a short circuit connection to one of the wires of another
line. An earthing fault arises when the A wire or B wire is connected to earth.
Low insulation resistance arises\where the resistance between the A wire and the
15 B wire or between one of the wires and earth or between one of the wires and a
wire of another line is below an acceptable value.

In arder to detect faults in the terminating lines of the access network 12,
the local switch 10 is provided with a line tester 80. The line tester 80 may be
operated from the local switch 10 or, as will be explained in more detail below,

20 from a remote location. The line tester 80 is capable of performing various tests,
examples of which will be described below. Various models of line testers for local
switches are available commercially. in the present example, the line tester BO is
supplied by Porta Systems of Coventry, England.

Referring now to Figure 2, there are shown some of the switches of the

25 telecommunications network in which the local switch 10 is located. in addition to
the local switch 10, Figure 2 shows two main switches 90, 91 and a further local
switch 82. The main switches 90, 91 are part of a fully interconnected network
of main switches. The local switches 10 and 92 are part of a much larger number
of local switches. Each local switch is connected to one or two main switches,

30 Thus, the main switches 90, 91 connect the local switches together.

Referring now to Figure 3. there is shown the local switch 10 and the
components ©of the telecommunications network which provide a fault

management system for the access network 12. These components comprise the



converted val ue when perform ng one of the steps shown in the flow chart of

Figure 9; and Figure 1 1 is a graph showi ng sone experi nental
results obtained by 10 nonitoring nodes by using the steps shown in the
flow chart @f, &Hhedse 9 Referring now to Fi gecechesidzhssre is
shown a local swtch 10 and a conventional access network 12 connected
to the local switch 10. The | ocal switch 10 and the access network 12
formpart of a public tel ecommunicationsg network. The local switch 10

is connected to the termnating circuits or lines of 15 the access network
12. Typically, a local switch is connected to several thousand

term nating Gk Gastérsgo, BacRidn® BkiiRkIshSte T80dr 1Y teldchRmAR &8sst AREAN
several nodes before reachi ng its respectlve term nal equi prent. These

nodes conpri s"@dﬁf‘laﬁﬁ?%i network MARagYRRY §¥$teoiG% s, secondary cross- connect

points, distributiag sAGkRGSFBNE 3, the Jx%&ie‘i’@@ BRPrifesdRIsERed 10 GHERNOdeES
will be descri bed bel ow. 20 In the conventional access network 12

shown in Fi gifeBtains 1pg@pctronic egpipingak fon ghysizalvimaking finetests @nfl Gr eadrolierom a

pair of coppeloeWof B tedt¥eal GRREITHY doRfoller 1088 thd form¥al cow..&&h e in the
formof one or nore cables. One of these cables IS shown in Figure 1

and i ndi cat efoB{olfesf K& g bsuprarated 100m 19, vgrkstationy 188 cogpe@ed to it ardr om

switch 10 i s hanRRChetheliftal efiHalSd YO LTS Scoh@BNE ClosPeialtl cbfindibd ko BB e 25
housed in a street cabinet or underaround junction box. Fromthe primary
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t hr ee cabl s 18, 20 _and 22. The far end of cable 18 is connected to a

joint 19. hé"f‘&f‘hloolg" fhe aE%‘ﬁﬁé‘EE"é‘Hk FiAnegfsedt system 102y 5 secondary

cross- connect pOI Ntrhe 4ustbifer f safvien dgsterh ¢B¢)|a§Sals'i'DaaEUinpRReraéﬁd 39ca|$QﬂﬂeCt ed,
respect i vel Y, se@ondar Yy Cross-cC nneg @gl nts 2 reasons
i wp

of sinplicityP B'Eaﬁ BRtA"K PRE i°6 ASVBPEE A GGEN i”g‘&% ﬁ'?n&%"'l‘}égf‘dﬁa telondary
Cr 0SS- connectrigupé Bf ne duchinglorRStatitre isndowsihandrindiddted H¢ ety nGmeds 1connect

The customer service systemn 100 is used by operators of the public

15 telecommunications network who have direct telephone contact with the
customers of the network. Together with these operators, the customer service
system is responsible for providing various services to the customers. These
services include the provision of new telephone lines, answering billing enquiries
and responding to fault reports received from customers.

20 The access network management system 102 is also a computer and it
can be operated from one of a number of workstations, One of these workstations
is shown in Figure 3 and indicated by reference numeral 112. The access network
management system 102 is responsible for managing the access network 12 as
well as a number of other access networks in the same general geographical area

25 as the access network 12. The access network management system manages
various operations for each of the access networks which it manages. These
operations include the provision of new eguipment, fogging data on work
performed by engineers in the network, maintaining data on the terminating lines
and nodes of each access network detection and management of fauits. The

30 workstations which are connected to the access network management system
102 are also connected to the customer service system 100. As shown in Figure
3, the customer service system 100 and the access network management system

102 are connected together.
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24, 26 and 28 are housed in junction boxes which nay be | ocated above or

bel ow gr _ou% 97/19544 From the secondary cross-conneghrRebdizres. the
termnatin I'nés branch out again in several directions in the form of
cables. By way of illustration, Figure 5 1 shows cables 40, 42, and 44

| eavi ng the secondary cross-connect poiat 28. Cabl es 40 and 44 are
connected, respectively, to joints 46 and 48. Joints 46 and 48 are

connected, respectively, to cables 50 and 52, the far ends of which are

connected to dist o] ar e d of
cable 42 is conneiﬂt’éégg%rgporg Aewo m%g b@;}&e cq'sm e mce iyéte-[’ggr?fr?ec by cabl e
62 to a di stacdsat ingtwqobi ntanmmelﬁ@)r smasoﬁmofapsmrrmomuthy, detection and
termnating lJ A | St t 6 sho
Dostributio #46\%5&“81% o‘?WQu;& .fs thk l%%%s%”ne‘?&h{]kcfz gésr%gq?(vgn p\% QR& 2 PESEU cal | y
| ocat ed on tmlestidroars \ptﬁlnesbe ﬁemmbe@mucths!ttiqtbljt i on point, the term nating

i nes br anch i gl r where t rm nal

equi prent > pr ovi degH'% o‘%ﬁ g tgg p?es%?)?%? Em‘ﬁ’e tﬁgﬁ\%ﬂé %“atngg Beat . e"Bﬂ”WHS? of

i [l ustrati omccdssgereork 12he g mteddraen migd iine testecap,pmle customepaenvise Qstem2,

| eavi ng t he S t s copp wire pairs 70
and 72 are c‘o?nsecdt QE& Eg%gpg’c ?/rgl a;qb%mteg{ n?bqg'?' !'e%zm‘%g E’f‘ltﬂa"a?%mem As is
wel | known, systemi evald d@pjbtpmmdedraynmahe tiyeplineotestef Bems itsFawn.e raorgereto
termnal eq t ephone
box. & 20 LT Beh ul Y Bk Hitestor 1o R MGl Erlge Ty MLy PP Cc.

or a fax‘ﬁad?ﬂ*ﬂbf%ms the ceptealippiR®r I e cmaldrerwiork. dnsmférbesanpmmpsre@ _

In the examlsg, %J?OM’HV«H;H? the Uatit Jmar?a%%eﬁkf sydi€ml O'HBBv%v 9.in 401argd plfAfk 60 1S
used to connect two cables together.” Joints may also be used To connect t wo
or nmor e NSRMPTK A it ayantageous t¢ Antganete i daultpmanagement systiie iotbthe 14 i s
housed in a QuGiner Ié}e.c@ {stb 100 arfh Boddls n8tistR InaBbgdinent syRERST © above
anbi ent pressure. élscoura es I ngress of water %o the cabl e 14.

In each terninati ﬁgmqnﬁenedtmvmwe\fapmgﬂ%ﬂ Ofathe qystomensrvigasygaat K as t he

15 and the access network management system 102 are each implemented as a

computer. The main hardware components of a computer are shown in Figure 4.
these comprise a central processing unit {CPU) 120, a store 122, a keyboard 124,
a visual display device {VDU} 126 and input and output ports 128 for connecting
the computer to other computers. The store 122 comprises hard disk storage,
20 floppy disk storage, random access memory and read only memory. The store 122
is used for storing data used by the computer and also for storing the programs
which controf the computer.
As will be explained below, in the fault management system, one of the
parameters which is used for finding a fault in a terminating line, as far as it is
25 available, is the distance of each node through which the terminating line passes
from the local switch 10. In a typical access network these distances will be
known for some, but not all, of the nodes. For some of these nodes, the distance
is known from maps of the cables of the access network. In the present example,
where these distances are known from maps, the appropriate data is held both in
30 the customer service system 100 and the access network management system
102.
The fault management system of this example also provides a method of

measuring the distance of a node from the locai switch 10 when the node is



Awire and the Bwire. At the local switch 10, in order to supply current
to the 30 line, a bias voltage of 50V is applied between the A wire and the
Bwre. As the bi as voltage was applied in the early exchanges by using

a battery, LhseAbag voltage is still known as the bat rersBeadzrssge. | n
the termnal equipment, the Awre WD 97/ 19544
PCT/ GB96/ 02756 8 and B

Wi re are connected by a capacitor, the pyesence of which may be detected
when the term nal equipnent is not in use. The term nating
lines in the access network 10 are prone to faul ts. The mai n causes of

these faults e [ £330 r %) I

t hrough whi cﬁg%rﬁd t? r'?n%n%? ervw‘ﬁth;%nfé%‘p%gg']s? f%efr%e gl\%@c.f Q?\A/P?gcﬁ'%fﬂ and

term nal mmqmmmm thisedistangecis fshown rrmFrmtha’éllang thdse cinettions willisow 0

causes ari si P? %C nodes. These faults are di sconnection, short
at

circuit, fau ery voltage, earthing fault and | ow insul ation
resi st ance. A di sloiathe gt ironemit #8.cn ahgneer @pens a nederamhtriakes hiteieptione

t t | t
et Pt o DAL IPS LA bo5 gl LAY O AR Wl OB 2
connect ed toge’Mmek managenenty sysaent €132 volaskgematd mevmgrcestshe Vhew he or the
B wre ,s%‘orh%E{PJF\%to'f%slnefl%r?%ﬂ f%%grbd gM&&He du&%&\?\)‘ﬁ ?r&f%hlgne of

the wires of "ano nea ari ses W re or
B wire is cofimegaediot biseeniledgue in a [syep |1t4§ul atsingnthee spraeatiore batwseshva,here

the resi stange RRLyRethd e ieWebéer 30 chdBoikagquintilcis Ghe ik YESE 89,0 e

Wi res and ea et ween one thé anot her |ine
i's bel ow &% aedenpt ksl tests @hube open line pair. In these line tests, the res:stance between

the A wire and B wire, the capacitance between the A wire and B wire, the
capacitance between the A wire and earth and the capacitance between the B wire
and earth are measured in a step 144,
Then, in a step 148, the line tester 80 uses the resuits of the tests to
15 calculate the distance from the switch to the node. Next, in 3 step 148, the
results of the tests including the distance to the node are stored in the customer
service system unless the node is a joint. Finally, in a step 150, the results of the
tests including the distance to the node are stored in the access network
management system 150, These results are stored in step 150 for all nodes
2C including joints.

By performing the operations shown in the flow chart of Figure 5 each
time a node is opened, reference data including the distances of the nodes from
the switch can be gradually built up. The series of operations shown in Figure 5 is
performed under the control of computer programs jocated in the controller 106,

25 customer service system 100 and access network management system 102.

The controller 106 is programmed to cause the test head 104 to make a
series of routine tests each night on each terminating line of the access network
12. These tests will be explained with reference to the circuit diagram shown in
Figure 8.

30 In order to test a line, it is disconnected from the switch 10 and connected
to the test head 104 . Figure 8 shows a line 400 being tested. The line 400 has
an A wire 402 and a B wire 404. The end of line 400 remote from switch 10 is

connected to terminal equipment 406. Each of the lines 402, 404 has a



In order to detect faults in the termnating lines of the access network
12, the local swwtch 10 is provided with a line tester 80. The |ine
tester 80 nay be operated fromthe local switch 10 or, as will be

expl ai ned Hb%?udet ail below, 20 froma renote |ocati Giyddsgedrséie tester
80 is capa of "perform ng various tests, exanpl es of which will be
descri bed bel ow. Various nodels of line testers for |ocal switches are
avail able commercially. In the present1 xanple, the line tester 80 is
supplied by Porta Systens of Coventry, Engl and. Ref erri ng now
to Figure 2, there are shown sonme of the switches of the 25

t el econmuni cations ne rk jn which.the local switch, 10 iis |located. In
add L1 on 1 g oS stane whiEb dependsi e i et e StRnGe (R 1R PEL A Ehes 90,
91 and a f upt therteimiast equipmednidioeh Bach dththenRirés 808t 4bvess Ofhte® lvimar sh part of
a fully intercaonnected ne rk of _main swtches. e local swtches 10 -
and 92 are ‘Bﬁ‘ﬁ?"”@fmﬁteﬂﬂt}‘}’w‘\%r'ﬁ@’r b2 arRsHC Matersy of pRRgY- JNP (UPRION of R4, | ocal
switch i s desusiigadatefalaneo providatinsmationSvétivedre8achIRire akdi adjatdie WikisD

swi tches 90, 91 conpect the | ocal 6 swtches et her. . Referring
now t o Fisgu[?%“%gettﬁégﬁ ’nglag%mgﬁnﬁ'e‘"l %‘é“g?l'"c"%\ﬂf ﬁ%ﬁ“ﬁfﬁ{‘grﬁj‘”i’ f,62n causg thgyonent s
of the tel cesistitd baxinean Swo etjaoert wikdsab fgrovi de a faul t managenent

system for the aggesg,nelunck 12, Inese, COMpOnent s, coMpEL SEotne

PCT/ GB96/ 02dhérmined by measuring the resistance R1 between the A wire 409 and the B i ne
tester 80, \girg HBI& %n rthesreersi\é{agtge §¥Snte%m e]hot(?x ]E?(Zj\yviré D(84 tagcli %'(I:eomm‘lpei Eﬁimﬁ 3 neF wor k
and an access networ K nanhagemnen sys?em o) RE Stiown™f n Fi gure
3, the lliOneesiewness BO and R inmgsheadiffesnt ihecalisd @4 radtifichtion as indicated by
diodes D1 and D2. For a circuit in good condition, the resistances R1 and R2 are
high, greater than 1 megohm. Damage to the insulating material or oxidation will
cause the resistances R1, R2 to fall by an amount which depends upon the
severity of the damage or oxidation. If the insulating material is totally destroyed
15 so that the A and B wires are physically touching each other, the values of
resistances R1, R2 will depend upon the distance between the test head 80 and
the point of damage but will typically lie in the range O to 1500 ohms. Oxidation
can result in wires effectively touching each other.
Only the A and B wires 402, 404 of the line 400 being tested are
20 disconnected. In the other lines, the bias voltage of 50 volts is applied between
the A wire and the B wire. In Figure B, the A wires of the other lines are
coliectively shown by a wire 410 which is connected at the switch 10 to earth.
The B wires of the other lines are collectively shown by a wire 412 connected at
the switch to a potential of -50 voits.
25 if the insulating material separating the A wire 402 or the B wire 404 from
one of the adjacent A or B wires becomes damaged, or if one of the wires suffers
oxidation, current may flow. The effectiveness of the insulation beitween the A
and B wires 402, 404 and adjacent A and B wires can be determined by measuring
the resistance R3 between A wire 402 and adjacent A wires 410, the resistance
30 R4 between the A wire 402 and adjacent B wires 412, the resistance RS between
the B wire 404 and adjacent A wires 410, and the resistance R6 between the B

wires 404 and adjacent B wires 412.



contains the electronic equipnment for physically nmaking line tests and a
controller 5 106 for the test head 104. The controller 106 takes the form

of a conmputer. The controller 106 can be operated froma workstation
108 connect agobfidsis and provi ded at the | ocal exchangeeciicnetiozrss
controller 106 is al so connected to both the custoner service system
100 and the access network nanagenent system 102 and can be operated by
Wor kst ations connected to either the cus{pner service 10 system 100 or the
access network managenent system 102. The custoner service
system 100 is also a conputer and it can be operated from any one of a

number of uorkstat kang ot G A S ABRERLE Rt Ral b, KB are nigh! Sk dgnne SuCh

workstation i s shown an cat ed erence nuner al

cust onmer ser We@hgys@@mgelteons@tms é@lﬂtbrya' OIRroRueT aneodr mere opSmnsﬁ fegistehees

el ecommuni Caid ong AGLHETK 190 By NaY SmidLi® GhichCbERAAN SociP M Elvelth By L
custoners of the network. Together with these operators,

servi ce sipsnagen |‘fs“hpe\3%9tm99 inaterjab bejyrespithe AgwiratPdws ﬂsﬁeﬁi \w"@e@q anct he
custoners. T*L%Sf‘d acent @ﬁé Yd &?Qly'd&gérb%% N GaPRRViY &Pe?%rer}a%gsézﬂlygeu ons |1 nes,
answering bill 6 enquiries d responding to orts recd ved
from cust orrer%?Ch 2gher, the resustafrtrpeb%twesshmwmmchmnugmmit d@yed epod 8 i s

al so a comput@gaditheriveen theGalt MG BREIRIHE phine

wor kst ati ons. 6a1e of teeensteev\ogér}kstatlons g |nsg?59§)}ﬁm71&|fbﬁﬁl¥nw$%ag\9 'eo?

i ndi cat ed by Wefaraengdonlifé abms. 19xidaties eancalse resitvipriwve w'remﬁaqemm
system 102 i so@iiPébehlhuserf Or managi ng the access network 12 as wel | as
a nunber of other access networks in the samaﬂ‘gﬁneral geogr aphi cal area 25
as the accd@s net wdPk 213 Briren 8825 40hardBreknsuiatg srveenal sguresmthemages

vari ous oper ads PBgpatsr. aacHA 8! HR %GQ%cQSEWeK&hM' &1 B WirdBRAGRRwn These

operations include the provision of new equi pnent, g g data on work
performed by BrifViREe @YeCthdhn e Ok thentaPATiEAnRe ﬁ@t“éP&P arqB wiewPhat i ng
| i nes anch MERM debeMPGEoMHE 8Srigth OF WRY finell €A 84dkOR tRihe BOB GANRRLcOT

faults. The 3 workstatlons whi ch are connected to the gccess net wor k

management sy8t &fue of cppacitanee L' o35 FsATHIIRY L™ Brer et RepS: e Mot 63130 system
100. As sh@wshows Ehgua;ﬁcuanceasz bétve6hl SO NBYiIrs 20 bR€ e B ArIMhd Qpaidnéde

access networé3 panagene! éw' esatoﬁn;nd e":lrt}lx.OZ are connected together.

Each night, the controller 106 causes the test head 80 to measure the
resistances R1, R2, R3, R4, RS, R6 and the capacitances €1, C2, €3 for each
terminating line of the access network 12. The controller 106 also causes the test

20 head 80 to check if there is terminal equipment connected to the end of the line.
Terminal equipment has a standard capacitance vaiue. When terminal equipment is
connected, the value of its capacitance is subtracted from from the capacitance as
measured by the test head to obtain the capacitance C1. For each terminating
line, the results of the tests are stored against its directory number in the access

25 network management system 102,

The controiler 106 transmits the results of the tests to the access network
management system 102. The access network mangement system 102 examines
the results of the series of tests for each terminating line for the presence of a
suspected fault. The possible faults include disconnection, short circuit, a fault

30 battery voltage, an earth fault and low insulation resistance.

When a fault is suspected, the name of the fault and the results of the

test for the {ine are stored in the access network mangement sys‘tém 102 against

its directory number or an identifier in the exchange associated with the line. The
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The operations perforned by the custoner service system 100 and the
access netwg,,{lwage_rrent system 102 apart fromthe det eGidratfbegtstse
managenent aults in the access network 12 do not formpart of the
present i nvention and will not be described in further detail. 5

- Al'though in the present exanple the fauL% managenent system for the
access network 12 is formed fromthe |i tester 80, the custoner service
system 100 and the access networ k managenent system 102, the fault

managenent tem coul d 0 be r0|dds e line tester 80
on its own. ﬁ"ﬁa'%y% E f‘ésﬂecredgiﬂfs f\?'é"qpﬁ ™9 [HD JXYJ xﬁ%@ﬁ@%ﬁf’?ai"{)%dd
appropriate Bﬂfacaassenétmdrlhanaﬁemﬁrersyéﬁm \1\02 chNﬁérérHiaptdaﬁat@QIfﬁd Obdretor 106. I n

a small network, ro formof providing the
faul t manage%ﬁ?‘vgﬂitré‘ﬁ{'g"m{/\év%”?t Fl% "zf ge publ i c network it is

advant ageous to i Msegfeatxmeﬂkﬁboflaudiata relavrge ne rHe &yrshemd nrta& irhiGnodes igust omer
service sy, tet B%] t nd t he acce?s Elrrlietworlg msatna fﬁe% 10\?
As menti orfed®'] T RESSERAETET T SP2NIHE Y e €S |"883's St 100 15

and the accemsmnei o lmsmnageammeesyg; tu&mve&mﬁzsaihetreaﬁ&uel, Ithe ei@Rhédl cds a

conput er. ebesec Ea are | ngn n?]re ; rrguted ﬁtihownln Fi gure 4.
t hese conpri 8€°YC & aTC '5?05'8%" FHg TRy ”(&fbuj‘ 20'9°% 8¢ I8 P91 % eyboar d
124, a Vatseate di srpbawedaeiweme visvBlUepdr2 Gnahel commdn sinthe MistipUDapDbAS 128

[0 4 9nECL! B8 ot mbflrE T b S5 SOMPY AR T IBe IRk PR Lo
only nmeno¥y. mahagestent eysi@a 102. is used for storing data used by t he
conputer and al so £, 550" LPGhd REREOURABR 12 1sHLEH if WYtk The LdlGeRRyPUL €T
service system 100 and the access network management system 102. For each
line, and hence for each circuit, the mapping records the route and hence each
node through which the line pagses. For each node, it records the lines passing
15 through the node.

Referring now to Figure 6, there is shown a flow chart of the series of
operations which may be performed when a customer reports a fault on one of the
terminating lines of the access network 12 to an operator of the customer service
system 100. As will become apparent, in an appropriate case a list is produced of

20 the nodes through which the terminating line passes ranked in order of the
likelihood of the fauit being present at each node.

Initially a customer reports a fault on one of the terminating lines to an
operator in the customer service system in a step 200. If the operator considers
that the fault is in the access network 12, the operator sends an instruction to the

25 controller 106 of line tester 80 to perform a series of tests on the terminating line,
The line tester BO then performs the same series of tests as it performs in the
nightly tests on the terminating lines. The results of the series of tests are then
transmitted by the line tester 80 to the access network management system 102,
The access network management system 102 examines the results for the

30 presence of a suspected fault and, where appropriate, estimates the distance of
the fault from the local switch 10. The details of the suspected fauit are

transmitted to the customer service system 100,



As will be explained below, in the fault nmanagenent system one of the
paraneters which is used for finding a fault in a termnating line, as far
as it is 25 available, is the distance of each node through which the
term nati ngwo s¥shRSSes fromthe local switch 10. |n &Zcraeeeedrsaccess
network these distances wll be known for sone, but not all, of the
nodes. For sone of these nodes, the distance is known from maps of the
cables of the access network. In the pregent exanple, where these

di stances are known from nmaps, the appropriate data is held both in 30 the
custoner service system 100 and the access network nmanagenent system

102. t oL 4 ovi des
a met hod of nenggﬁIFQHé ¢f Eapogqgﬁﬁcceﬁ%éﬂ egrgﬁgj rsgerr";ﬂa ;&%HR{’ oca+ ch 10
when t he nodapdrepriate for the fault to be tnvestrgated by an operator in the access network
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opened by anﬁ‘gﬂ%qe\r?gé‘?u’%%% f?z m hasrt'fe P or tt?leeo%%%tro ratu.ll (t)hﬁ?sc,‘\j/fi“uam?'ur serwce
perfornmed  sysmrermskeasuppargrot Wi stheli ancastc eetvwork roanagemerti gysten 5102ndo t hese
oper ati onsg V"lnbLst@QW the fafp€ descri bed. Initially, in a step 140,
an engi neer opéen e and makes a telephone 5 call to a colleague
sitting at one of Iﬂemmwgbabe @nsesg graT@gementt systeltethag clesides whantt dwr k
management sy M%é@%nﬁ%rﬁkm%é Wml Jiépgﬁd toﬁ?@ det-gh'seg tfna suspected

di sconnects one o ne palrs o t he e and gives t e directory
nunber of t hfaylt and his knewledoe of ghesietecof thedefiminating dineg iashe access petiwagk t he

connection bebwegnelinthie, it the fault report indicates that there is a disconnection and the

11

10 operator knows that one of the nodes through which the terminating line passes
has been severely damaged but is under repair, it may be appropriate for the
operator merely to advise the customer that the damage is being repaired. Usually,
the operator will decide to obtain a list of the nodes through which the terminating
line passes ranked in the order uf the likelihood of the fauit being present at each

15 node. If the operator decides to obtain this list, in a step 203, the operator
invokes a ranking algorithm. The remainder of the flow chart shown in Figure 6
refers to the steps which are performed in this algorithm,

The ranking algorithm is entered in a step 204. The ranking algorithm is
held as part of a program of the access network management system 102. As wili

20 become apparent from the following description, for each of the nodes on the
terminating line on which a fault is suspected, an individual score is evaluated for
each one of a set of factors relating to the likelihood of the suspected fault being
present at the node and the individual scores are then combined to produce a
combined score for the node. The nodes are then ranked in accordance with their

25 combined scores. In evaluating each individual score, the data contained in the
fault report and also the data contained in the access network management
system relating ta the nodes and the terminating lines are used.

After entering the ranking algorithm, in a step 205, the route followed by
the terminating line on which a fault is suspected is identified and all the nodes on

30 this route are then found. Next, in a step 206, the first node on this route is
selected.



wor kstation and the line tester 80, the colleague instructs the line tester
80 to 10 performline tests on the open line pair. In these line tests,
t he resi stance between the Awire and B wire, the capacitance between

the A w r_ev@(pgm %w re, the capaci tance between the A ppdhopstsgarth and
t he capaci tance between the B wre and earth are measured in a step
144, Then, in a step 146, the line tester 80 uses the results
of the tests to 15 calculate the di st?bnce fromthe switch to the node.
Next, in a step 148, the results of "the tests including the distance to
the node are stored in the custoner service systemunless the node is a

joint. Finally, in _a st 150,. the resul t h tests inclyding the
di stance to the r%%&eszﬁ? ngt ree'adﬁvﬁu?lhsemgc??égs‘e %‘éi%v{ﬂ?tﬁ' 'S eva?ﬂ:?ﬁ%fge#g?\t system
150. These fimstdct® iahstsicadriedrventiat emiysB0 Trar scatd fonode sac2él is ieigibatédi Ng
joints. - B rformng the operations shown in the flow chart of
Figure 5 ea’(r:'rfwe Stag[efsrf%@%nwgde I s opened, reference data including the

di stances of the stambed: fargmleast dnhesrginetrily meamvdngiogriagheaddidus e Haysyp. The
series ofg opc%rreagbws shown in Figure 5 is performed under the control
of conputer prograns |ocated in the controller 106, 25 customer service

system 100 and actsges2:nir \avidasthranagegieerring isteaentdin the previous 30-ddje

controller [ ) e test h 104 to nake a
series of r%%?’fjr?zn?%ég%ﬁgeagﬁ”%ﬁ%%ta#%hda&ggﬂ&te'esf?ﬁe%tgphg | ine of the access
net wor k 12. TEhageelt fagtas lesist bndengirgdriag iewrvantion inether padieud 004dBe circuit

di agram shoy. | Fi. . § . r totest aline, it is
di sconnect e%g}*o?(r)brlr’]tf ce'ucss' {hglf’&ivé&(a;ns ((j:agnpneé’g 'e%ope P&{oé the test head 104 .
Fi gure 8'Ghows a st#geed: 400 thretony rusbeed! efdiresring intd@entioms in the greviduwi re 402

and a B w r@o-é%perm:?sgd?gj% ti'rritegj‘fbxér\?:@r clﬁif‘;gﬁkge{]{ilth%g‘ switch 10 is

connected to term nal equipnen | ines 402, 404 has a
The total score for the historical intervention analysis factor evaluated in

step 207 is then the sum of the scores found in stages 1 to 4 above.
The next factor is visual inspection analysis and this is evaluated in step
15 208. If there is an adverse active visual report for the node, the score for this
factor is evaiuated in step 208 as 2000.

The next factor is active intervention analysis and this factor is evaluated
in step 209. This factor is evaluated in two stages. In the first stage, if there is
active engineering work at the node, a score of 3000 is made. In the second

20 stage, if there is active engineering work on any terminating line passing through
the node, a score of 3000 is made. The total score for this factor is then the
higher of the scores found in stages 1 and 2.

The next factor is suspect line analysis and this factor is evaluated in step

210. For each terminating line which passes through the node and on which a

25 fault is suspected and which is of the same type as the suspected fauit under
study, a score of 1000 is made. Thus, if the suspected fault is a disconnection
and disconnection is also suspected on three other terminating lines which pass
though the node, then the total score is 3000.

Next, in a step 211, a check is made for the presence of scoring factors

30 among the visual inspection analysis factor as evaluated in step 208, the active
intervention analysis factor as evaluated in step 209 and the suspect line analysis
factor as evaluated in step 210. If two or three of these factors score, then the

combined score for the factors evaluated in steps 208 to 210 is the sum of the
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resi stance whi ch depends upon its dianeter and the distance fromthe |ocal
switch o drhesdser m nal equi pnent 406. Each of the w r eeT4AB/02484 | S
coated with an insulating material, which may be a plastic material or
paper. The function of the insulating material is to provide insulation
between each wire and adjacent wires. $;Damage to the insulating materi al
or oxidation of the netal of a wire can cause the resi stance between
two adj acent wires to fall. The effectiveness of the insulation

betvieen i 1 e @2l A0 £ HliBod by oS! I BhDSHe BY AEETHLLALCLAS fiERIL ance RL

between the A*-wre wre he resistance bet ween
the B wire 404alasrdre e theviectorsd O@ludtent inl Gteps édiBstcadt@ ds Mescdredndti® nay be
different be of . I jfication as indicated by di odes D err] and
D2. For a ci?’gﬁﬁaﬁ%oéﬁ%iﬁc@;hdi tion, the resistances R err] and R2 are

hi gh, greater tharNektnegolstee Bhévatie soore lie eivaisatedtfongherptedmiat aostysixi dat i on

il h j . f.a] | whi, ch
\élmepends u;%ﬁﬁat%héé' emee%gfléefu?? §l§c§ ttg Has]%Ivaaﬁéégoggrmc?xftg%ets?gﬁgwg%fg’h%c"":"§%uI ating

material is fromahe pbalesieseipsign.1Be ageessimatwaerk enahtagerderB syiteescoataingpdarsi cal | y
touchi ng eachy GhdGferarddd hotitbetPtrellocat swhaPhS! HICHR Rk derivdd sl Lwepend

;
upon the distance between the test head 80 an ) poi nt o amage but
wi || typical gur¢dse The tfinet yoarggeisGthe onesOmses whighi afatmarde as a reamit oésult in
W res effectLyghaed QurNNGe 8865 Hdliforming the series of PLkribACsHIWH Re W T €5
402, 404 of thdgAI I'ne 4(_)8n[ggi n tes?‘?&l ogpggZO? sgi‘egc?o(na%ec%‘e%?sl n tﬂé ot her

| i nes, tht bfley apartifdiause 550Theosacend soupp lof édormatipe dnthe distapees/whiche and

the B wire. L 6LfrEmBnads' the WirkfmatiRE 1ihdke PN Ghxihit) &R aiRti€ is performed
collectively shown by a wre 410 which is connected at the swtch 10 to

eart h. THE"BLOshrseyregs ot ¢aot her |ines are collectively shown by a wire

412 connected at For thDGirsWdufdd $0dataPBia@Nd idBharRbs uevedOlrb®. optring the | f
the insulating material separating the A wire 402 or the B wire 404 from

one of the aBpdsSeitte s&owis pvalpgiedaptalewss damaged, or if one of the wires

suffers 15 oxi datif @fe pfokini§Nbf ERYnddeOWs thENEstirdat&r ldcute 66 tif sdspected
i nsul ati on b?t Bee[; the A and g W res 402, 404 and adjacent A and B
wires can be'W8tR[eRT Hsd 4Rmneeecs PP

if the proximity of the node to the estimated location of the suspected
fault is equal to or greater than 50 m but less then 100 m, score 2000,

if the proximity of the node to the estimated location of the fault is equal

20 to or greater than 100 m and less then 1560 m, score 1000,

For the second source of data, that is data derived fromm maps of the
terminating lines, the score is evaluated in the same manner as that specified for
the first source of data. The total score for the proximity analysis factor is then
obtained by adding the scares obtained by using the data from the two sources.

25 In step 212, when evaluating the score for each source of data, if the
distance is not available for the distance of the node from the switch for that
source of data, then the score is O.

Next, in a step 213, a score is evaiuated for the pressure analysis factor.
The pressure is the pressure in the cable 14 leading from the switch 10 to the

30 primary cross-connect point 16. 1If the pressure is below a threshold value, the
score is evaluated as 3000.

Next, in a step 214, the operator is invited to add a manual score and,

normally, an operator will do this if he knows of some special problem.



the resistance R3 between A wire 402 and adjacent A wires 410, the
resi stance 30 R4 between the A wre 402 and adjacent B wres 412, the

resi stance R5 between the B wire 404 and adjacent A wires 410, and the
T esi st ance 3§ ohfysfeen the B wires 404 and adj acent B p¢ti€Boshiizis
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For a good circuit, the resistance R3, , R5, R6 are high, greater than 1
megohm Damage to insulating material may cause one or nore of the

resi st ances R3, R4, R5, R6 to fall by an anobunt which depends upon the

severity of the Nfét qﬁf;adgsp gTE Eg'ch L&?xH% 3 deh%is B Frl%r el T’WWf %Iti}g% 'SA‘OV\'![ L:t

402 or the Bwre acent wre is

the two wir e@dmeaqﬂmambtwlstmﬁphnragcordanoeawlth batie set het bedsw s tratiie

bet ween t he I i I i tance bet ween
the test hea%'w%t)tﬂgéjngﬂlJ %gn#&c ﬁ?ﬂ \(%nf] Ltgggr:gggtgg °r %\?\Aéh Fegyg}ec%ﬁq‘vg Tiegenfion t he
range 0 to 1&@¥sisHestor GkstdmtZ08rmndahe ahsmt:t trpydrialyisis fagtor of 28Q aef reaméd vel y

touchi ng gacky Qtsfﬁge fB(]:tt The tpﬁo)(lm;[ h%néﬁyﬁpqac@orv‘éwfaﬁﬁteﬁog’ste%oéi %Psddn;[ngecé t he

i nsul ating mat eri Ween as a capac
capaci t ance iptst sweesubtfactors. afiee stkukebctos lsswmm)xrmstv amimwmen@naed/aémga Cl.

The val ue of, %hﬁftcs%eﬁt%' HAEE R SR SitEindy BPUpEhitl Fresncdl and caltulelife V1 !

depend upon t engt n the reduce
t he val ue ofthsdmmcsémehrelteas nedesageent subdfactohis thestoxmwarwsusﬁagure 8

al so evaluated from the second source of data, that is maps of the terminating lines.

10 Referring to Table 1, for example, if the fauit is a short circuit, additional
scores are made as follows. If there is a score for the historical intervention factor
of step 207, an additional score of 3000 is made. If there is a score for one or
more of the factors of steps 208 to 210, an additional score of 1000 is made. If
there is a score for the pressurs, analysis factor of step 213, an additional score of

1% 4000 is made. If there is a score for the proximity analysis factor derived from the
first source of data, a score of 4000 is made. If there is a score for the proximity
analysis factor obtained from the second source of data, a score of 4000 is made.

The total additional weighting score is the sum of the individual scores.



15 shows the capacitance C2 between the A wire 402 and earth and the
capaci tance C3 between the B wire 404 and earth. Each
night, the controller 106 causes the test head 80 to neasure the

1 esi st ancesyRBlosy R3, R4, R5, R6 and the capacitances Cicr/iCBoe/d23ssf or each
termnating I'itne of the access network 12. The controller 106 al so causes
the test 20 head 80 to check if there is termnal equi pnent connected to
the end of the line. Term nal equi prgnt has a standard capacitance

val ue. When term nal equipnent is connected, the value of its
capacitance is subtracted fromfromthe capacitance as nmeasured by the
test head to obtain the capacitance C , each term nati ng line, the
results of the tests are stored again directory nunber in the access
25 network managenent syste ighti ntroller 106 transmts
the results of the tests to the access network managenent system 102.
The access network mangenent system 102 exam nes the results of the
series of tgqsts for each t¢Dmscomisction | | $trf of Barieey ) Eagknce i a
suspected fgqult. The possilble faul ts inCirawite] di sconnecti on|,insitioh cirjcuit,
a fault 30 |battery voltage, an earth fault @and | oW i nsul atRe3itanesi stlance.

When a faul t] HistocAt@ pect ed, [Bbeonanme of{ 3¢00 f pBGA0 an@opde riexdd s of tlhe
test for thqgihieA@ng@se stored in the acfess network [mangengnt system 2§02
agai nst isudilifspédtiohy U0DEr Or an| (GHENt | 4060 1|[R000E ex40G01ge
associ at ed WiAdtivk v@ehvieRgon The WO 97f 19544
PCl / GB96/ 024 spect line 14

Pressure 4000 4000 | 2000 2000 2000

Proximity {first data | 4000 4000 | 2000 2000 2000

source)

Proximity {second 4000 400C { 2000 2000 2000

data source)

<] Next, in a step 2186, a~check is made for ccincidence in scoring factors.
More specifically, if there is only a single scoring factor, a jump is made to step
218, If there are two or more scoring factors, the algorithm goes to step 217
before proceeding with step 218, For the purposes of step 216, the factors of
steps 208 to 210 asre combined and the factor of step 212 is divided into sub-

10 factors in the manner discussed in relation to Table 1 above.

In step 217, if there are two or more scoring factors, the highest score is
taken and increased by 10000. For this purpase, for steps 208 to 211, the score
obtained for these steps at the end of 211 is used. The score obtained in this way
then becomes the combined score for the individual factors for the node. if there

15 is only a single scoring factor, this factor becomes the combined score for the
nodes.

In step 218, a check is made to determine if there are any more nodes for
which a combined score is 10 be evsluated. 1f there are one or more nodes still
remaining, the algorithm returns to step 208 and the next node is selected. If

20 there are no more nodes, the algorithm continues with step 219.

In step 219, the nodes are ranked in order of their scores in descending
order. Thus, the node at the top of the list is the most likely location of the fault.
In step 210, the node with the highest score is then selected and in step 211 the



details of the suspected faults found each night nmay be reviewed by an
oper at or of t he access network managenent system 102. \Were
appropriate, the operator may give instructions for a fault to be
repaired.  wqor19544 As mentioned above, data relating periassd94m nating
| i nes and no es’1s 5 stored in the access network management system 102.
For each node, this data I ncl udes the history of engineering

i nterventions in the node, the presencg, or absence of an active

engi neering intervention in the node afdl the presence or absence of an
active adverse visual report on the condrtron of the node. Data on | oss
of pressure_in the nmain le 14.is, also. e _access netwrk 10

operator i1s, gixen tﬁe oppor umty 1 overrr B % e esl ln erat LEé)
managenent sys? em>18% R e I'ng Cof P hE AL 8RB T 12 i s
stored i n budrimatyhdo mnsi‘nomw of specmrcwmtms emovibO® imd t he access network
managenent syste he. ce. f circujt, the
mappi ng records ﬁ] m F%W t|S3ca1lp?1encé té{;irgﬁs sﬁ‘own "fthorngtla'ﬁgkvrﬁiaer?"{ ﬁ{a l'ine
passes. Fortheatah!tnmifagementrersmmisiewremﬂrwm rejaeecmgo FigurdshBaoght tAe node.
Referring. n sh flomrch t he serjes of

oper at i oﬁss %&%mr?ﬂc&y%? t%b‘f lgfwgaé%eaﬂ?%tusto%meP e'éof»"'? h%\adf%cﬁ {“bn one of
t he t ermsnmamgorhtrcmes 105 Bhestceests ameysa0/3001 3 storeaBOb@et ad @bdof t he
customer sef, em 10 e appa ropriate
case a |ist .XJé‘ﬁSeFo Qdce tTen']Z%ea he ﬁ}g%éie %ﬁfgﬁadh ?Dr'\)ﬁmﬁ rn{q]e k?"@r pﬁeﬁg‘Fr ng |ine
passes rankbeebni desoriest. OFhet kest report idaelysdrode0, ofhet brord 800 t arde itheg npdesent  at
each node. Jdtentrfrer 302 are l!mnbiellngMeX % &%satcgg% net\%gﬂrrglgnage%%% gys?em C\'&% of the

term nating ife) op era e custoner -service systémin a
step 20010 | MOtehwegqbealm the tysn&pderasaalvser i$ beet parhef thawlregrém of nhe heceascess

twork 12, .Lhe. ; t Rt 106 of
et ost of "B Lo PaRR et SIETHMRIACH HEd O’ by pifiofing 2Rtk Ra B4 100 ©

The |ine ted2trofgbe trankingoeiopithms tThe staree3@bris shatafart ek the atord fpgbeforns in
the ni 99&4\ ut&re§§e§ Rintohndr ¢ ge%ke%gn%tm&smaﬂgb%n{eﬁ§ E{ dt8m0fod RRa Seri es

of tests are transmtte Il ne tester t he access
net wor k rrana'g@heqwrtaygsstiem reiging to. therrmedeﬁce%@m@rmmaknmgemmészst em 102

exam nesig NRepRy 308 if Hat PR Alne raroﬂg'ﬁﬁn%.ar rsae%aaaetfedsé@tzbs @ffle Where
appropriate, estimtes the di stance of fault fromthe |local switch

10. The defaaking alSP“'thﬁe suspected fault ar e transmtted to the custoner
servi ce system 10fere will now be described with reference to Figure 8 the individual steps

of a routine which is performed each night by the access network network
management system 102 to monitor the operational condition of the individual

20 nodes of the access network 12. As will become apparent from the following
description, the routine uses the resistance values R1 to R6 for each circuit
obtained by the routine nightly test on the individual circuits. The routine shown in
Figure 9 also uses the mapping of the access network 12 which is stored in the
access network management system 102.

25 Referring now to Figure 9, after entering the routine, in a step 500 a
circuit score S is calculated for each circuit from the resistance measurements R1
to R6. The circuit score S is indicative of both the probability of a circuit having or
developing a fault and the operational quality of the circuit. A relatively high
circuit score indicates that there is a high probability of the circuit having or

30 developing a fault and that the operational quality of the circuit is poor. A
relatively low circuit score indicates that there is a low probability of the circuit

having or developing a fault and that the operational quality of the circuit is good.
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Where the operator in the customer service systemconsiders that it is
"appropri at enlonédde fault to be investigated by an oper at ecTicBIdressaccess

net wor k managenent system 102, in a step 201, the operator in the
.custoner service system asks an operator in the access network
managenent system 102 to 5 investigatez2t{he fault. The operat or
in the access nmanagenent systemthen deci des what to do about the fault
report. This decision will depend on the details of the suspected faul t
and his know edge 1aforded®o %El&'&l@:e&f\e icheuit &dofd Babd A girduithescH fRskhAcANES S

net wor k 2 For exar’rP if the fault report indi ca}ées that there is a
di sconnect i off' i@ Y§EES1te B 5RFNEITSE valsWE Ysingt® ERuB VIR Wil B Sesaribedigh

whi ch the tepébnat The chhveRedIaRESVI is mdi@diwb&ﬂﬁh&@\/ﬁhﬁihw eRfRoRGishnte | S
under repair, it m bea'_%ﬁgréo riate for nerely to advise

the cust omer S35 & fwlty vergd; vaye Vé;ﬁ%mwét&"ef{g\uamﬂhﬂng fE"itﬁ"e bder at or

W Il deci d@ berapbihaipfbdact VisWiofThe fpa;daesias*%malwhlwuahugﬁnwﬁ,esﬁﬁémai' ng
| i ne passes ranked in the order 12 the |ikelihood of the fault being

present at e3CHMLSURBAL PPdyqed Bﬁg?‘ﬁﬁﬁ""‘dﬁm des to obtain this list, in a

step 203, the opermug/ the circhifiyed€sf 8 is deficed gy Ao MG eqUdtonf enai nder of
the flow chart shown in Figure 6 refers to the steps which are
performed in this algorithm The ranking algorithmis entered
in a step 204. The rarki=ngviatwarithmis hel d as part of a program of
t he access net wor k managenment system 102. As will 20 becone apparent from
the foll ov@ng description, for each of the nodes on the

Each converted value Vi is calcuiated for the corresponding resistance

value by using the following formuia:

i Ri<P, Vie 0O
15 if P<Ri<Q, Vi=1

tf Ri>M,Vi=0

if QO <Ri <M, then

= {[1A1 + [Ri- Q/L) %) + [-1*(Ri-1*10%/(1*10°%-QN}/2
20
where P is a lower threshold set to 1 kQ
Q is an upper threshold set to b kQ
M= IMQ
L is constant set to 1 kQ
25
A graph of Vi plotted against Ri using the formula set out above is shown
in Figure 10,
The formula for calculating Vi has been developed empirically, However,
the physical explanation behind the formuia is as follows:
30 When a resistance Ri of a circuit has a value less than 1kQ, it is very
likely that the cause of the low resistance is 8 fault in the terminal equipment, and

so the value of Vi is ser to zero. Where a resistance Rt has a value in the range



termnating line on which a fault is suspected, an individual score is
eval uated for each one of a set of factors relating to the likelihood
of the suspected fault being present at the node and the individual
'scores are nbi ned to produce a conbi ned score, ode. The
nodes are rhnﬁﬂ?agked in accordance with their 25 conblnégk§%§§z§§ In
eval uating each individual score, the date contained in the faul t
report and also the data contained in é?e access network managemnent
systemrelating to the nodes and the téfmnating |ines are used.

After entering the ranking algorithn1 in a step 205, the route followed by
thetermnatl | 5, SUS ect.ed |dentified and all
the nodes on Oot%krflflnt ﬁlfngs%l?eéf%i' gﬁ' RS INESPCIate] fgulgtgf)' SESISNE first
node on t hi vaiueygrertérshan SkQeihe praahbility of the existencd\&X S Adsdbidted fault falls
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In a step 267" PHRIFTRYPY MILPrOLTFEYeW oSt PPl ¥t 9TEaFNG o alé‘\?a?hgt ed. The
first factomhese biresasned has1h @ale gtdatn tharal MS| B.is Jdre uaki@hethbothetdliss f act or
S evalua } ﬁ stages as foll ows: stage 1. for at

| east one eﬁﬂlaﬁ‘?é’ﬁtﬁ% FMftervention in previous five days, 5 score 3000;
stage 2: for at |BﬁS§aoﬂnﬂpertgln§aefahag R1Ntce RGL It oam pitthe daneYpddding30- day

period but excl t he pr.evi o score 2000;
stage 3: for eéq 3 OOR ?Hai“ﬁiif efﬂ@éﬁ’\ﬂe‘ﬁ n in the previous 90-day

Izngs_.Q_Bgﬂs_tame Weighting Factor Ri
81 {A wire to B wire) 15
10 R2 (B wire to A wire} 15
R3 {A wire to earth) 5
R4 (A wire to -50V} 30
R5 (B wire to earth) 30
R6 (B wire to -50V] 5

15

After determining the circuit score S for each circuit is step 501, the
routine progresses to step 502. In this step, it calculates a node score H for each
node.

In order to calculate the node score H for a node, alf the circuits passing

20 through the node are identified. The individual circuit scores S for the individual
circuits passing through the node are then summed and the result is divided by Yn.
n is the number of resistance measurements for circuits passing through the node
having a value less than 1TMQ. Thus, the node score H for a node is defined by the
foliowing equation:
25
H = £S*Vn/n = ZSAN

The node score H for a node is indicative of both the probability of the

operational state of the node causing a fault in one or more of the circuits passing

30 through the node and the operational quality of the node. A relatively high node
score indicates that there is high probability of the operational state of the node
causing a circuit fault and that the operational quality of the node is poor. A

relatively low node score indicates that there is a low probability of the operational



period but excluding the previous 30-day period, score 1000; 10

stage 4: for the total nunber of engineering interventions in the previous
90-day period, score 100 tines nunber of interventions. The
total scoreW@bdsha historical intervention analysis factecreamboased in
step 207 is then the sumof the scores found in stages 1 to 4 above.

The next factor is visual inspection analysis and this is evaluated in step
15 208. If there is an adverse active w3sual report for the node, the
score for this factor is evaluated in step 208 as 2000. The
next factor is active intervention analysis and this factor is eval uated

in step 209. stitk %fftBe nBde ksustigah Yallednd that\Whe Sha@asnal hpalithef fikd Bédestsage, i f
there is active engineering work at the node, a score of 3000 is nade.
In the secon®®®® stage, if there is active engineering work on any
termnating line pas@krguitithGegbut above e cakdRting a$00s scové H3MWs idfvidgade. The

total score for this fact%r is then ‘%@F hL%ger of the scores found in
stages 1 and 2Y.n S0 as to providegn Vﬁ@?fngf b Eori FESISFRIR TEATY gReNtS, o GEGUitsang

this factos ipassw@thigighCthi Mo8é REving a valLA.lessQhare AMN. t TRifinaRéd Agtel dcBRsWHI Ch
passes throuqh the node and on which,a 25 fault is susgected and which is
t

of the sanme C§pRPIES cRRENG B Lasas PURPST of circyiisfomparableyiiypode scorssfiop nedes1000 i s

made. Thus, idariiiig &smBEsl@ber sfutitcuits. aaslinsic BenBelained below, ansl ndhé?sceﬂanect i on
is al so suspecteﬂ on three otg‘r Ierg1nating | i nes which
é %scores. H

t he node dAPKEAdn pBTosfance JHE Thet 28 owever, the\pade sc?’ﬁs gt E?ée‘ﬁ 211, a
check is n’ad&:afr@ahgtdﬂﬁym’emn&&:uﬁé &eovérpgsehsivers &2 naibdrgot h&lslﬂarﬁdéfﬂ

i nspectio ana Si s factor ted in ste 08 he acti

|t or vent 119n iRy Rent e 0 4, e cenell SR af® Shebare TS ansing, 11 ne
anal ysi s tﬁmgmra adeVkteatey amd Heage Zblentifly tthe aimbdr efe redistaduese
factors score ined score, for. the fqggprs eval uated in

steps 208 to Qﬁure?epﬁetegﬁm%? V@lﬁlemcreases. the rek h@aﬁ; 4Zode score as an

PCT/ GB96/ 0275fdicator of the operational quality of the node increases. In the equation set out
above for calculating 2 node sgore H, IS/n is muiltiplied by n so as to give

15 progressive emphasis to the node score as the number of resistance measurements
less than 1MXQ increases.

Next, in a step 502, the nodes are ranked in accordance with their node
scares H., The node having the highest node score H is identified as the worst
node and selected for further investigation.

20 Although the relatively high node score of the worst node may be caused
by the operational state of the worst node, it may also be caused by the
operational state of one of the nodes on the route from a local switch to the worst
node. The node score H is obtained from resistance measurements and does not
take other factors into account. In order to identify the exact location of the node

25 having a poor operational quality, the ranking algorithm described with reference to
Figure 6 is used.

Accordingly, in step 503, a route from the local switch 10 to the worst
node is found and all the nodes on the route up to, and inciuding, the worst node
are found. Steps 206 to 219 of the ranking algorithms are then executed for this

30 route in a step 504,

Occasionally, there is more than one route from a local switch to a node.

In a step 805, a check is made for the existence of another route to the worst



17 I ndi vidual factors multiplied by two. If only one of these factors
scores, then the total score for the factors evaluated in steps 208 to
210 is the score for this i ndi vi dual scoring factor. Next
in a steo 12, score is evaluated for the proximty pgldekmrse factor.
The score for {lhls factor is evaluated in two stages. As wll be recalled
fromthe above description, the access network nanagenent system contai ns
dat a on the distance between the I ggal switch 10 and the nodes derived
fromtwo sources. The first source is the measurenments which are nmade
as a result of engi neers openi ng the nodes and performng the series of

oper ati ons sh@Wivkerk B I3 Jrlrf'?éﬂ’e‘?wetr rQfted I s9dHs 8508 an-E%lisﬁ'Q%Q?cq?ﬁdéf&e of

information is the distances wh are found from maps o
t er mi nat i ng 3l syRbsturtitereropiesxi mi ty anal ysis is performed usi ng both

sources of data. yagiy, in a step 55@r tﬁer@petét&séecmy rmﬁ‘ﬁatl%fr tdati@an teh@fteérﬁo

di stances derived from openi 3("? nodes, the score Is evaluated as
fol | ows: 15investigate pa ot merepeiotie Miodgs tor pp#sible fatidts Vhenethegpiinet redcHescat i on

of the sugpgghetbe, thefc%wakor' willl 6% teRemidy Br tﬁg(%d?st?’% Also, for the i f
the proximty of the node to the estimated | ocation of the suspected

fault is eqfigfiesa eachgputgttarthe MorstSRden pywill hays atlise gf EW%ES%GF@GEOOO
i f the proXifithy er;Jghagmﬂa tR &éaﬁn@s%@%e% Lgpaﬁ Leagunéa‘r tBhﬁvJsgg%& s

equal 20 to or greater than 100 mand |l ess then score

For the sec®R#osHarece e neasathe: apgratorscombings dip ﬂ@@d’\"ﬂ‘r vimommpgopfiedgie
ter m nati ng gk tHeCstcederne@ .1 S evaluated in the same manner as that
speC|f|ed for the first source of data. The total score for the
proxi m tYPanal ysi'§ peditien tpsinvetigating thet Weiskdnody. A0RIi aRgratefe mayomlse

obt ai ned by ii@btifhtd BeheflAbdes ToM:lahpId YR SOH GRS n&é or other nodekha%ingP 212,
when eval uatl ng the score for each source of data di stance is

not avai | abPShfRRde scares; P ALY Brdq His stsa% SOAM ?%a@vﬁ"c’@ﬁmﬁ%rﬁ"ﬁﬂﬂ‘
source of daténh nddeen the score is O.

The routine of Figure S.make it possible to identify and investigate at an
15 early stage nodes where there is a risk that the operational state of the node is
deteriorating to a point where faults may occur. It will usually be possibie to
restore the operational state of such node before a fault occurs which leads to a
fauit report.
Figure 11 shows the results of some experimental work in the nodes in an
20 access network forming part of BT's UK public telecommunications network. The
node score was evaluated for a large number of nodes. Each node was then
monitored for a fault report from a customer during the subsequent 3 months, In
Figure 11, for these nodes, the node score is plotted against fault reports received
during the three months after evaluating the node score. These experimental
25 results show a strong correlation believed node score and number of fault reports.
Although the present invention has been described with reference to an
access network in which each circuit is carried by a piece of copper wire, it may

also be used for terminating circuits carried by optical fibres..



Next, in a step 213, a score .i s evaI uat ed fOl‘—---the pressure anal ysis factor.

The pressure is the pressure i l.e 14 | eading fr the switch 10 to
the 30 prinmary cr.oss-connect p l!m "Il”ﬂl ressure |s beI ow a threshol d
val ue, the gnefeefse is evalua Ne>pcr/aB96/mr8é ep 214,
the operator is invited to add a manual score and, normal Iy, an
operator will do this if he knows of sone special problem WO
97/ 19544 25

PCT/ GB96/ 02756 18

Next, in a step 215, each scoring factor is conpared with the fault type
and an additional score is nade in acgqhpggsce With Table 1 set out bel ow
In this tabl e, the visual inspection analysis factor of step 208, the
active intervention anal ysis factor of step 209 ‘and the suspect line

anal ysi s factor of o34k RhfagefRnt @;ﬁherﬁ fo:a§tél’ec%hﬁmnﬁza{x&%tr%wo&hﬁclﬂéxﬁ?hm ty
anal ysis factor evaluated in step 212 is divided into two sub-tactors.

The first sulpophewitsh ang 3 B of IERDIRRYNG SiFraity Sxtendies PEIYWRSH i iaep! switchhe
first sourge ,f téietre: edulhent proladed BPLANSOHRMARGR] EHEh R Sail Aekehi ity

cal cul ati ng he distance fromline tests. The second sub- factor s the
proximty an&lF%1$sP§38t§‘90'frh’°ugh ®\ARTiE® 108 ngded rRetyeens seid Hacal giyyitch afd dat a,

that is maps of eéthe tw.nalea&.bmnd sB8FauilManagement systéaet:&ﬁﬁw%.to Table 1,
for exanpl e, fp It is a short circuit, additional scores are

made as fol | ows. I?'“’E‘Heﬁeé’"}gs apparatys JoFded 131 cSaiff dqcat SWitFh j3RdepAEREd 3R f act or

of step 207, paRomflsliduitadal of GaidaelinaktHgQircaitgiade. |If there is a score for
one or nore of the factors of stegs 208 to 210, an additional score of

1000 is mdfle. If @ stojg,ghntriniag datasglazing B’rsal"l'lée""ﬁl“é'@%?'ﬁ’”'téﬁﬁql §3d 8oqeset or  of
step 213, an addi t i@l fob G¥tRichihg said circuit testing apparatus to perform a set of

tests on one of said terminating circuits;
means for checking the results of a set of tests performed by said circuit
testing apparatus for the presenge of a suspected fault, said checking means being
15 arranged to produce a fault report when a fault is suspected;
means for identifying the nodes of a terminating circuit on which a
suspected fault is present;
means for evaluating a score for each node on a terminating circuit line on
which a fault is suspected which represents the likefihood of the suspected fault
20 being present at the node, said evaluating means using the fault report relating to
the suspected fault and data contained in said data store in evaluating the score;
and
means for ranking nodes of a3 terminating circuit on which a fault is
suspected in accordance with their scores found by said evaiuating means;
25 whereby, in use, after testing a circuit on which a fault is suspected, a list
is produced of the nodes on said circuit in which the nodes are ranked in

accordance with the likelihood of the fault being present at each node.

2. A fault management system as claimed in c¢iaim 1, in which, for each node
30 on a terminating circuuit on which a fault is suspected, said evaluating means is
arranged to evaluate an individual score for each one of a set of factors and to
combine said individual scores to produce a combined score representative of the

likelihood of the suspected fault being present at the node.



15 4000 is made. If there is a score for-the-proximty analysis factor
derived fromthe first source of data. a score of 4000 is made. |f

there is a score for the proxi onu lulﬁm |Hmactor obtained fromthe
"second soUffgsRbsqgat @, a score off ke A The petaipodiiddst | Onal
VO

wei ghting score 1s the sumof the individual scores. 97/ 19544
_PCT/ GB96/ 02756 19
TABLE 1 Addi ggonal Wi ghting for Fault Type
D sconnection Short Battery Earth Low
Crcuit I nsul ati on
Resi st ance Hi stori cal 3000 3000 3000 3000
3000 i ntervention Vi sual inspection _ 1000 ) 1000 4000
4000 2000 A faylcpROIeMEPE BYBAT| nclaimed 3y gt 2.| ip ywhich saiprset ofir e
4000 factors fHefides tr’%q'@Qorg of%qgﬂeering interf3Rffons at tfd AgdeM Ly [first data]
4000 4000 2000 2000 000

5 4, A fault management system as ctaimed in claim 2 or ciaim 3, in which said

set of factors inciudes the presence or absence of active engineering intervention

at the node.

b, A fault management system as ciaimed in any one of claims 2 to 4, in
10 which said set of factors includes the presence or absence of a current adverse

visual report on the node.

6. A fault management system as claimed in any one of claims 2 to 5, in
which said set of factors inciudes the presence or absence of a suspected fault on

15 another terminating circuit passing through the node.

7. A fault management system as claimed in any one of claims 2 to 6, in

which said fault report includes an sstimate of the iocation of the fault and said set

of factors includes the proximity of the estimated location of the fauit to the
20 location of the node.

8. A fault management system for a telecommunications network, said
telecommunications network including a local switch and a set of terminating
circuits extending between said local switch and terminal equipment provided for
25 users of the network, each of said terminating circuits passing through a series of
nodes between said local switch and its respective terminal equipment, said fault
management system comprising:
gircuit testing apparatus located at said local switch and arranged to
perform circuit tests on said terminating circuits;
30 a computer system for operating said circuit testing apparatus;
said computer system including a store containing data relating to said

terminating cCircuits and said nodes;



sour ce) Proximty (second 4000 ... .. ... 4000 2000 2000

2000 data source) Next, in a step 216, a check is nmade for
coi nci dence in scoring factors lmmﬂ ﬁluﬂjl" ““FI ly, if there is only a

singl e scor |‘,p€,.§,@§5pr ajump is 218. | f sdrasmeem1786 t WO OF
nmore scoring factors, the algorithm goe§ td st ep 217 bef ore proceedi ng

wth step 218, For the purposes of step 216, the factors of steps 208
to 210 are conbined and the factor of stegp 212 is divided into sub- 10
factors in the manner discussed in relation to Table 1 above.

In step 217, if there are two or nore scoring factors, the highest score is

taken and increasedaidycokPUid sybiem bding corifdNes By at Gdast bAP proffsints8 atliol, the
score obtained for these steps at the end of 211 is used. The score

obt ai ned in tRFFOrMAYe following operistifes t he combi ned score for the individual

factors for the nogReubf sdidefqitliestingSappatatusitoSperdr@d & Saardfngstsamt 8e oft Ni S
factor becones the conbined score for the nodes. In step

218, a check T8 ®HOBAYNY YSP&¥ mine if there are any nore nodes for whi ch

a conbi nedsscore i ghidk bR fsakdF ef sel fof ttbﬁ&ep@foﬁném%yoﬁaidrfﬁ‘u@uﬂﬂqg&%gs'[i I
remai ni ng, the al ngHgthmreturns to ste t he next node is sel ected.

| f 20 there HPBR F &ersaResce oha 5&?"68%% A E’é‘ﬁl" PREES? (AUt TR phen 8.

In step 219, weeda@djesmﬁg@rdsaﬂked |n order of their scores in descending
order. Thus, the ng he top I s the npst |Ike|é/ | ocati on of

Tt t
Chataut s 1P " St Mg B Gderinetra, HEUR dpELEh . srsperied T &
sel ected and grasentep 211 the

10 evaluate a score for each node on a terminating circuit on which a fault is
suspected which represents the likelihood of the suspected fault being present at
the node by using the fault report relating to the suspected fault and data
contained in said store; and

rank nodes of a terminating circuit on which a fault is suspected in

15 accordance with their scores.

Q. A method of operating a fault management system for a
telecommunications network, said ielecommunications network including a local
switch and a set of terminating circuits extending between said local switch and
20 terminal equipment provided for users of the network, each of said terminating
circuits passing through a series of nodes between said local switch and its
respective terminal equipment, said fault management system comprising:
circuit testing apparatus located at said local switch and arranged to
perform circuit tests on said terminating circuits; and
25 a computer system for controlling the circuit testing apparatus, said
camputer system including a store containing data relating to said terminating
circuits and said nodes;
said method comprising the following steps performed by said computer
system:
30 instructing said circuit testing apparatus to perform a set of tests on one

of said terminating circuits;
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operator is given the opportuni tIMﬂ il result and an operator
woul d n |1y do this in vi iﬂlﬂiﬂﬂi ju Ecumstances known to him
Ref erring n‘%/%% gure 7, therewse N i onal bl 'SHERLY M of

the fault managenent system described with reference to Figures 3 to 6. As
5 shown in Figure 7, the fault managenent system conprises the test head
104, the test head controller 106, 28 test report anal yser 300, a store
301 and a node i dentifier 302. The test head 104 and the test head
controller 106 have alread been described. The test report anal yser

y Lo Tep! ¢
300, the store 303"e5KAY theTasylie of the pRfctft lepiscpertaped by spidpsitckis tegimaby t he

access net WapjaroB AGEIE phesticed 613 d0pectkd fal¥Pbrd BRAGLHG & hdty repbl GuHeRSt
report analyser is the part of the program of the access net wor k

management Sy WERARISHhIEEN IS We§88%honsi bl e for performing steps 206 to 221

of the ranking al @aéi &hait Ehessdctsce iddMiffisy tHratodaabt 1o tehfRatiiPifcutl t he
conput er used to inplement the access network managenent system 102 and

whi ch con? aPAeh hefaeibisisHEpacttd he nodes and the terninating lines. The

node 15 identifi esvaRRfing S §dord 10ra6dcnobt thie rﬁaegroarfhw@érmmaiﬁﬁ?r&éa%%i bl'e for
step 205 of the ranki ng al gori There will now be

\ gorithm -
descri bed wnNETY 2fdteiscspested Which reprepents g Jkelihend ok tigsuspectest fayity out i ne

whi ch is pebking pRsbeROSthBIngBs bBsedlIIEtHBAEES Pepdftl Rk BEIHEIUSpected fRARAGEMENE
system 102 to, nonitor the, operatiognal condifion of the individual 20 nodes

of the acce88dH¥PRAPIR cpotaingd R3¢ dataiofRE: @harent from the fol | owi ng
description, the fankihg biee hsdRRS dnhe rtegnisdtmgame\Vcd Whish e t201tRS shegecrach

circuit .obtai ped by.the routjne,nightly test on the individual
circuits. Tﬁba“?°8[i{;f’ﬁee“'§H6€?15‘i°ﬁes *J°u"‘f5f"g%"{as%p 8?56"‘%‘8@ SEHES - mappi ng of the

access network 12 which is stored in the access network managenent
system 102.

5 ferring powto Fiqure 9, after.enterin he
routine, in 1§' st eP %b°da§e°per%tmgc%Pﬂ”ws'%'?a@e%ewssycqgf"éﬂ'f ﬁ{agﬁe '8r°'7§'§c circuit
fromthe resi ehiahcie saidasey ehenlatifg a score for each of said nodes, for each of said

15 nodes an individual score is evaluated for each one of a set of factors and the
individual scores are combined to produce a combined score representative of the

likelihood of the suspected fault being present at the node.

11. A method of operating a fault management system as claimed in claim 10,
20 in which said set of factors includes the history of engineering interventions of the

node.

12. A method of operating a fault management system as claimed in claim 10
or claim 11, in which said set of factors includes the presence or absence of active

25 engineering intervention at the node.

13. A method of operating a fault management system as cfaimed in any one
of claims 10 to 12, in which said set of factors includes the presence or absence
of a current adverse visuatl report on the node.

30
14, A method of operating a fault management system as claimed in any one
of claims 10 to 13, in which said set of factors includes the presence or absence

of a suspected fault on another terminating circuit passing through the node.
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to R6. The circuit score Sis r the probability of a
circuit having or devel opi n !@;ﬂ! |oper ational quality of the
circuit. Arelatively high cates that there is a high

probability WbsyMsssi rcuit havi ng or 30 devel op| ng a faul ecHoeRbeiolras t he

operational quality of the circuit is poor. relatively low circuit
score indicates that there is a | ow probabili ty of the circuit havi ng
or developing a fault and that the operasi onal quality of the circuit is
good. WO 97/ 19544

PCT/ GB96/ 02756 21 In
order to cal cul ate the circuit score S for a circuit, each resi stance val ue

R is convertﬁ\.g hc((])n}(;eret eq va e gﬁ a fornu % wll be
descri bed el ow g8 ﬁ%é?‘t'qua ‘15.1'83'?7]99% %f%t’f& "8? 't"h@v one
probability oiff ctares 1@sé su,amcwmnch thedfauls repgrtdndiaigh tan eE&tﬂiiteQﬂﬂmeroE@t%nV@tl ue Vi

i Itiplied,b t 5 abt th tv*W Th
oroduct s vi - WP Pt 38 B R Sinelint She FeRT 67 e Sttt rasntea Lo

produce thé che tamtttosboleatsn of the node. Thus, the circuit score of Sis
defined by the follow ng equation: [err] 10 Each converted
value Vi is calculated for the correspondi ng resi stance val ue by using
the foll ow ng fornmul a:



[err] 20 where P is a lower threshold set to 1 k[err] Qis

an upper threshold set to 5 k[err] M= 1M err] Lis
constant set to 1 k[err] 25 A graph of Vi plotted against Ri
using the fowowl/msset out above is shown in Figure 10.pcr/gBosnm27s¢ 1he
formula for calculating Vi has been devel oped enpirically. However, t he
physi cal explanation behind the formlg,4s as follows: 30 Wen a
resistance Ri of a circuit has a val ue {ess than 1k[err], it is very

i kely that the cause of the lowresistance is a fault in the term nal

equi pment, and so the value of Vi is set to zero. Wiere a resistance Ri
has a value in the range WO 97/ 19544

PCT/ GB96/ 02756
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22 1 k[err] to 5k[err] it is alnbst certain that there is an
associ ated fault. For a resistance val ue greater than 5k[err], the
probability of the existence of an associated fault falls bot h

progressi velyodnshsip 0gressively | ess steeply with increasipgreadssset R -
Where a resistance R has a value greater than 1 MQ it is very unlikely

that there is 5 an associated fault. For each type of
resistance Rl to R6, the value of the corresponding ~weighting factor is
determ ned from IFJRiag c2| ow ng tabl e: Types of Resistance

Wi ghti ng Factor s RL (Awireto Bwre)

15 10 ‘—RZ—('B—W"[e taﬁ—A—vvi'r'eT—‘ 5

R3 (Avviretq ehQCAL MAIN MAIN IRACAL Wre to
-50V) SWITCH SWITCH SRETOB wifr e tlo SWITGH

30 iyet YALVAY 010

Af ter detern{ni t he circuitﬁﬁob?e S for eagﬁjbircuit S sggd 501, the
routi ne progresses to step 502, In this step, it calcul ates node score H
for each node. ' In order to calculate the node score Hfor a
node, all the circuits passing 20 through the node are identified. The

I ndi vi dual circufgg: es for the individual cigguits passing through
t he node are theErLCﬁ%%d \ sult is djvided MQZEErr]n. nis the

nunber of resistance neas Dr circui}s i ng]t hrough the node
havi ng a val ue | ess than [hus, the]node Scor¢ Hfor a node is
defined by the followng equatron: 25 [€rr] The node
score H for a node_is_ i.ndicatli hot h e 1nrnh hilijgll of the
STORE CPU PORTS
122" 120~ 128—"
Fig.5. (smarr)
140
OPEN NODE -~
142

OPEN LINE PAIR

PERFORM LINE TESTS| ~

CALCULATE DISTANCE FROM 146
SWITCH TO NODE _/

STORE TEST RESULTS ON 148
CUSTOMER SERVICE SYSTEM |/

STORE TEST RESULTS ON ACCESs] 190
NETWORK MANAGEMENT SYSTEM

END
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operational state of the node causing a fault in one or nore of the
circuits passing 30 through the node and the operational quality of the
node. A relatively high node score indicates that there is high

probabi l ity @fod7hess@perational state of the node causi poT/aBSd/Gsel t
fault and that the operational quality of the node is poor. A

relatively | ow node score indicates tRd there is a | ow probability of the
operational WO 97/ 19544

PCT/ GB96/ 02756 23 state
of the node causing a faul hat the operational quality of the node is
good. In the equ%i set out above for calculating a node
score H, [err]Sis divided g so as to provide an averagi ng effect
for resistance neasurenent|s rcuits 5 passing through the node having

’_
a value less than I MerrJj %I makes node scores for nodes carrying a
| ar ge nunber of cirfcuits don%r |l e with node score for nodes carrying
a small nunber of dircuitsg. |1 be expl ai ned bel ow, the nodes are
ranked in accordance W th t ode scores. However, the node scores of
nodes carrying jonly a Clrcuits are very sensitive to the nunber of
resi stance 10 neagurenents |e¢ss than 1Merr]. Mirre generally, as the
nunber of circuits |passing t hroughya node i ncreases, and hence
potentially the nunber € neasurenments |less than 1Merr]
i ncreases, the relifabil he nofle/ score as an i ndi cator of the
operational qualityl of fhe i ses. In the equation set out
above for cal cul atijng aj no E(Ee [err]S/nis nultiplied by [err]n so
as to give 15 prodress vet‘éEﬁaEi o the node score as the nunber of
resi stance neasurernents Or-<>
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|l ess than 1 Merr] increases. Next, in a step 502, the nodes
are ranked in accordance with their node scores H The node having the
hi ghest node score His |dentified as the worst node and sel ected for
further invggdygadason. Al t hough the rel ati vel ychicgbed2oske score
of the worst node may be caused by the operational state of the worst
node, it may al so be caused by the perational state of one of the
nodes on the route froma |ocal sw tcﬁllgo t he wor st node. The node
score His obtained fromresistance neasurenents and does not t ake
other factors into account. In order to identify the exact |ocation of the
node 25 having a poor operational quality, the ranking al gorithm described
with reference to Figure 6 is used. Accordingly, in step
503. aroutefrom?Eei &A;wtch 10 to the worst ﬁj dgspy found and
all the nodes on t Q and including, the :Qt- e are
found. Steps 206 to 9_Q the ranking al gorithnms are themexecuted for
this 30 route in afs . Qccasi onal |y, e is nmore than
one route froma Ioch to a node. In a step 587 a check is nade
for the existence of anpther ro/utzooo t he wor st WO 97 4

PCT/ GB96/ 02454 24 node.
If there ate JOHSTOMEReRERORES rouk es, steps 505 SELEQY NOBEexecut el f or
all such fhr tFAJLT JUD OPERATOR IN
CUSTOMER SERVICE R 207
SYSTEM AND OPERATO
PERFORM HISTORICAL
INITIATES LINE TEST INTERVENTION ANALYSIS
201 ON NODE AND EVALUATE
SCORE
OPERATOR IN CUSTOMER
SERVICE SYSTEM ASKS 208
SYSTEM TO INVESTIGATE INSPECTION ANALYSIS ON
EAULT NODE Aggog\éALUATE
OPERATOR IN ACCESS SERFORM ACTIVE
NETWORK MANAGEMENT INTERVENTION ANALYSIS
SYSTEM DECIDES TO USE ON NODE AND EVALUATE
RANKING ALGORITHM SCORE
204 210
ENTER RANKING ALGORITHM PERFORM SUSPECT LINE
' ANALYSIS ON NODE AND
205 EVALUATE SCORE
IDENTIFY ROUTE FROM
SWITCH TO TERMINAL 211
EQUIPMENT AND FIND ALL CHECK RESULTS OF
NODES ON ROUTE ANALYSIS OF STEPS 208 TO
210 FOR COINCIDENCE AND
DOUBLE SCORE IF
COINCIDENCE IS FOUND
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Lastly, in a step 506, the operator decides whether to ask an engi neer to
i nvestigate on or nore of the nodes for possible faults. When the routine

reaches 5 step 506, the operator will know the identity of the worst node.
Al'so, for thggoresdpdes on each route to the worst node, hecmGhdsemse a
list of the nodes as ranked by the ranking algorithm In deciding

whet her to ask an engi neer to investi one or nore of the nodes, the
operator conmbines this data with his o know edge of the access
network 12. 10 In addition to investigating the worst node, the
operator may al so i nvestigate other nodes, for exanple the next worst
node or ot her nodes having hi gh node scores. In order to do this steps
504 to 506 are pergﬁgge(é(?r each such node. The routine of
Figure 9 nmake it pOsS¥BI b identify and investigate at an 15 early stage
nodes where there is i sk that the operational state of the node is
deteriorating to a p where faults may occur. It wll usually be

possi ble to restor¢ the operatlonal state of such node before a fault
occurs which leads to HBY2 report. Figure 11 shows the

results of rsor n the nodes in arF:i @c@ass net wor k
form ng pant %‘fég %‘gﬁ Tgﬁ{ﬁ conmuni cati ons net k he node
score was ev%Nﬁ‘ért é er of nodes. Each %- was t hen

noni tored flQr_a faul rt fromad custoner during theg bsequent 3
nmont hs. In Figure 11, for t e nodes, the node scoff is plotted
against fault reports during the three nontihs after eval uating

t he node s¢or PERPORM PHESSUEE al |25 results show a 38 el ati on

bel i eved n dRNgcp_qsqasa;mDngvthAqt ault reports. oygh the
present inyention opgn d b i ' S ‘

network in
al so be used for termnating ?gwlts carried by opt

INVITE OPERATOR TO ADD
MANUAL SCORE

RETURN TO STEP 206

215

ADDITIONAL WEIGHTING
IN ACCORDANCE WITH 219

FAULT TYPE RANK NODES IN ORDER
OF THEIR SCORES

216

) 220

SELECT NODE WITH
HIGHEST SCORE

COINCIDENCE
IN SCORING
FACTORS

221
YES INVITE OPERATOR TO
217 OVERRIDE RESULT
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10000 ( EnD )
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25 CLAI V5 1. A fault
managenent system for a tel ecommunications network including a | ocal
switch and qvag,;’ 9%4 termnating circuits extendi ng betweerpcaatsdshes!

swi tch 5 7an %erninal equi pnment provided for users of the network, each
of said term nating circuits passing through a series of nodes between
said local switch and its respecti®wB term nal equi pment, said fault
managenent system conpri sing: circuit testing apparatus |ocated
at said local switch and arranged to performcircuit tests on said
termnating circuits; 10 a store containing data relating to said
termnating circuits and sai d nodes; means for instructing said
circuit testing apparatus to performa set of tests on one of said
termnating circuits; means for checking the results of a set
of tests perfornmed by said circuit testing apparatus for the presence
of a suspected fault, said checking geans.pei ng 15 arranged to produce a
fault report when a fault is suspecﬂsd; A means for identifying
the nodes of a termnating circuit on ich a suspected fault is
present; 302ngans for evaluating a score for each node on a

term nating circugt—timeon Wvhi ch a fault is suspected which represents

the |ikelihood of jthe ted fault 20 being present at the node, said
eval uati ng nmeans usi ﬁgaggggflt report—TEratTTg tp t he suspected fault
and data contained i i a ptore in evaluating the score; and
means for rankinglonades of aterkinating circuit op which a fault is
suspected in accordance wth their scores found by}said eval uati ng neans;

301
2 300
TEST |/
REPORT
STORE ANALYSER
106
TEST HEAD
CONTROLLER
104
TEST
HEAD
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25 whereby, in use, after testing a circuit on which a fault is
suspected, a |ist is produced of the nodes on said circuit in which the
nodes are ranked in accordance with the likelihood of the fault being
present at exrdomos]. 2. A fault nmanagenent syst e@rRB&easered in
claim1l, in which, for each node 30 on a terminating circuuit on which a
fault is suspected, said evaluating neans is arranged to eval uate an

i ndi vidual score for each one of a set 7¢8 factors and to conbi ne said

i ndi vi dual scores to produce a conbi ned score representative of the

| i kel i hood of the suspected fault being present at the node.

W97/ 19544
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A fault managenent system as claimed ifi clapm 2,} § which said set of
factors includes the history of engineeriqulnteLyentions at the node. 5
4, A fault nmanagenent system as clfi n'gig n qglaim2 or claim3, in which
sai d set of factors includes tffeTpyes&g@e or nce of active

engi neering intervention at the node. &5
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5. A fault managenent systemas clainmed in any one of clains 2 to 4, in
10 which said set of factors includes the presence or absence of a current
adver se visual report on the node. 6. A fault nanagenent
system as C|QGﬂﬁ' % B any one of claine 2 to 5, in wWhi Clbcpipok/eds Of
factors incl udes ? e presence or absence of a suspected fault on 15

another termnating circuit passing through the node. 7. A fault
managenment systemas claimed in any ond/& claims 2 to 6, in whi ch said
fault report includes an estimate of the location of the fault and said set
of factors includes the proximty OF%ihe stimated | ocation of the fault to
the 20 | ocation of the node. Si A fault nmanagenent system for a

t el econmuni cati ons network, said teleconnunlcatlons network including a
| ocal switch and a set of term natisg ircuits extendi ng between said
| ocal switch and term nal equi preni STARTdRd for 25 users of the network,
each of said termnating circuits passifng throu h a series of nodes
bet ween said | ocal switch and its respwctlve @i nal equi prent, said fault
managenent system conpri sing testing apparatus | ocated
at said local switch and arraﬁﬁ%@@%ﬂTE circuit tests on said
termnating circuits; 30 er sy em for operating said
circuit testing apparatus; sal d conputer systemincluding a
store containing data relating to said te ﬂating circuits and said
nodes;
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27 sai d conputer system being controlled by at |east one
program so as to performthe foll owi ng operations: i nstruct
sai d circuityhlshdsep apparatus to performa set of tests opcRBERscRETSE sai d
termnating circuits; 5 check the results of a set of tests
performed by said circuit testing qapar at us for the presence of a
suspected fault and produce a fault report when a suspected fault is
present; identify the nodes of a termnating circuit on which a
suspected fault is present; 10 eval uate a score for each node
on a termnating circuit on which a fault is suspected which represents
the |ikelihood of the suspected fgul hle@g present at t he node by
using the fault report relating t e IsWepected fault and data
contained in said store; and rank nodes of a termnating
circuit on which ajfault is suspected in 15 accordance with their scores.
9. A et hodl.Opf rating a fault management system for a
t el econmruni cati onsjn , said tel ecomunications network including a
| ocal switch apd a s of termnating circuits extendi ng between said
| ocal switch and 2D | terni\nal equi pnment provided for users of the network,
each of said term pati ng ! circuits passing through a series of nodes
between said local igwitch apd its respective term nal equipnent, said
faul t managenent, syqtem do i Sing: circuit testing apparatus
| ocated at sai &l of4l swiitch \gnd arranged to performcircuit tests on
said termnating clrcuitd; an
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25 *- ™~ a conputer system for controlling the circuit testing
apparatus, said conputer systemincluding a store containing data
relating to said term nating circuits and said nodes; o Q*mp.a .
met hod conprising the following steps perforned by said conpgRipR)

system 30 PO i NSUT Uckbignbalsbril bidblry bk libappar at R pdfedrm a
set of tests on on of said ter fremsieldgreaei rcuits; WO
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(57) Abstract

'I'herc_ fs 'dcscribed a method of operating a fault management system for an access network which forms part of a public
telecommunications network. In the access network, terminating lines in the form of pairs of copper wires extend from a local switch (10)
through a series of nodes to terminal equipment provided for user of the network. The fault management system includes a test head (104)
and an access network management system (102). Each night, the test head (104) performs a series of test on each of the terminating lines.
The re-sul:.s ?f thc test are transmitted to the access network management (1023, The test resuits are then converted into circuit scores, each
of which is indicative of the operational quality of the tested circuit. For each node, the circuit scores of the tested circuits passing through
the node are combined to produce a node score which is indicative of the operational quality of the node. In order to identify the node
having the worst operational quality and therefore most in need of investigation, the nodes are ranked in accordance with their node scores.




10. A net hod of operating a.fault managenment systemas clainmed in claim
9, in which, in said step of evaluating a score for.each of  said nodes,
for each of said 1 5 nodes an individual score is evaluated for each one of
a set of factors and the i ndi vi dual scores are conbined to produce a
conbi ned scofe representative of the |'i kel i hood of the suspected fault
bei ng present at the node. 11.: . ,.A nmethod of operating a fault

Management system ntGhdiBy, binib@gn 10, 2euikd Woi Ghosai & Sf%maé).f fetprs
i ncludes the history of engineeringtnterventions of the node.
12. A et hea@nEntigpatl agqess netwarkl examnlegerfesuchsipaite pradiscbanensioni A shioai m

10 or cl ajm;: | i e L Qrs. _Jne . esence or
absence of ag'ltr%'é%%gvéég’n%n@gor ?‘ﬁ*gegioﬁtge %/)Jér?g ?’g#gat% n{j %eé%ggél.rédhebg{weeﬁ?fne A
met hod of opef dhé wgres dralibértmandgereses of shefadts michidesdgress afiywatBeinto a  of

clainms 10 to 1 L0 Ich sajd set of factors includes the presence or
absence : ”85?5"%&E?eﬁilysﬁa(ﬁgﬂ%%?s%a?&report on the node. 30 14,
A nethod of oper at Logalasvitdhet diBPagIedEN vithySFRM RStied ApPREAtUWARh P8¢ be
of claims 10 to,13, in which said set of factors includes the presence or

absence yFed, 1ytasE At ETURAtiNdo AirGHitt heVheR ravicHSIoNRY WPPESi ¢ fRUi I
through the R&ffinating circuit, the circuit may then be tested to identify the fauit condition. In

order to repair the fault, it is present practice for an engineer to make a guess at
10 the location of the fault and open the node at that location. If the engineer’s guess

is wrong, he will have to open one or more further nodes before finding and

repairing the fault. Sometimes an engineer will have to open each node in turn

between the local switch and the terminal equipment until he finds a node vs{here

the fault is present. Typically, in a conventional access network, an engineer will
15 open between 2.5 and 3 nodes on average before locating a fault.

The present practice for locating faults thus suffers from two problems.
Firstly, it is time consuming for an engineer to have to open several nodes before
locating and repairing a fault. Secondly, as the nodes are of a delicate
construction, each time an engineer opens a node he will damage the node with

20 the result that there is another fauit on a terminating circuit.

A fault management is described in an article entitled “An integrated ISDN
fault management system”, Schimazaki ef al, Globecom ‘90, Session 802, paper
7, volume 3, 2 December 1990, San Diego USA, pages 1503 to 1507. This fauit
management system is an expect system which collects fault messages from

25 network elements and analyses them to find fault {ocations.

According to one aspect of this invention there is provided a fault
management system for a telecommunications network including a local switch
and a set of terminating circuits extending between said local switch and terminal
equipment provided for users of the network, each of said terminating circuits

30 passing through a series of nodes between said local switch and its respective

terminal equipment, said fault management system comprising:

REPLACEMENT SHEET

AMENDED SHEET 10 MAR 1998




~ -

"WD 97/ 19544 | e
PCT/ GB96/ 02756 ' © %a . .29 - 15.
A nethod of operating a fault nmanagenent system as clai med inany one

claims 10 to 14, in which the fault report includes an estimte of the
| ocati on of the fault and said set of factors includes the proximty of

the estimated location of 5 the fault to the |ocation of the node.
circuit testing apparatus located at said local switch and arranged to

of

perform circuit tests on said terminating circuits; a store containing data relating to

said terminating circuits and said nodes;
means for instructing said circuit testing apparatus to perform a set of

5 tests on one of said terminating circuits;
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