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Telecommnications Network

BACKGROUND TO THE INVENTION

This invention relates to a telecommunications network, as well as to a
method of establishing a telecommunications link between-a remote telephone
and a central exchange. |

In most third world countries, the large majority of rural communities and
even poorer urban communities do not enjoy the benefits of even the most

- basic telecommunications system. At best, these communities have access to

one or more pay phones which are invariably vandalised.

Conventional hardwired systems involve an expensive infrastructure including
copper wiring leading from each subscriber’s telephone to the central
exchange. Au extensive network of trenches and telegraph poles are required
to route the copper wiring, The prov:sxon of copper wmng in areas such as
" remote villages and squangr camps is impractical, in that it is extremely
expensive to install and it is usually stolen by those members of the
community who do not have a telephone system. Maintenance of a hardwired
telecommunications: mfrastructure in such areas is arduous; in some cases, an
element of danger may even exist. Cellular radio systems are relatively

expénsive to manufacture, in that there are critical components in each radio
that require accurate tuning. '
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SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided a method of
| estabiishing a telecommunications nembrk corhprising the steps of:
“a)  providing a network of local stations joined to one
another by telecommunications linké; _
b)  arranging, in a cluster around each local station, a -
plurality of subscriber stations, each subscnber station
“having a umque code ; |
¢) esrabhshmgsubscnbertclcconununications links between
 the subscriber stations and their associated local station;
d)  managing the operation of the network using a system
. ' ~ controller;
. e) establishing, at the system controller, a system controller
| database incorporating a network map, subscriber and
local station data;
) establishing associated local databases at each of the
local stations; and '
g)  continuously and automatically updating the various
databases via the network in response to a change on the
configuration of the network. -

Preferably, the change in the configuration of the network includes the
addition, subtraction or relocation of at least one local station a.ud/or at least
one subscriber station.

Conveniehtly, the method includes the step of automatically allocating a
telephone number to a subscriber station via a local station on joining the
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mat hodl of establishing a teIedHﬁ%hR#EHtlons link between a renﬁte telephone
and a central extchange. In most third world countries, the large mpjority
of rural comunities and even poorer urban comunities do not enjoy the
benefits of even the nost basic tel econmuni cati ons system At best, these

communi ti es have access to one or nore pay phones which are |nvar|ably
vandal i sed. '

3

nerwork, once the communications link has been established.

Advantageously, the method includes the initial steps of providing each
telephone with a uni'qhe identity number, transmitting the uniqué identity
number to the associated local station, and linking, at the local database, the
unique identity number with the telephone number prior to allocation thereof.

- Typically, the method includes the step of entering, at a payment station, the
unique identity number of a telephone, and personal identity information of
the associated subscriber, receiving payment from the subscriber, entering
associated credit information, linking, by means of the unique identification
number, the telephone number allocated at the local station with the data
.entered at the payment station, and enabling the relevant subscriber station .

- in the event of a credit balance existing in respect thereof.

The method may further include the step of allocating a station identification
code to each Jocal station, and using this identification code as a component

of the telephone numbers which are allocated to each subscriber station in the
associated cluster. '

The method may include the still further step of using the network map to
determine the route of a call from one subscriber station to another via a
plurality of selected local stations, and re-routing the call via alternative local

stations in the event of one or more of the selected local stations bemg
temporanly disabled, due to overloading or the like.

Optionauy,' the -method may include the step of mterfacmg the
telecommunications network with a conventional telephone netwwork via the
system controller and/or the local stations.
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I ncl udli ng copper wring | eadll}d@ﬁa‘ 1617 gach subscri ber's tel ephone to the
central exchangé€. An extensive network of trenches ane tel egraph poles are

required to route the copper wiring. The provision of copper wiring in
areas such as renpbte villages and squatter canps is inpractical,
IS extrenely expenS|ve to install and it is usually stolen by those nmenber s

of the community who do not have a tel ephone system Maintenance of a
hardw red tel ecomruni cations infrastructure in such areas is arduous;

sone cases, an elenment of danger

in that

in

it

may evengexist. Cellular radio systens are

rel at ively expensive to manufacture, in that there are critical conponents
in each radi o Akesrding|to asecomd aspect 6f therigvention there is provided a method of

establishing a telecommunications link between first and second subscriber
stations mcludmg the steps of:

a)

b)

._ d)

receiving, at a local statiom, a characteristic signal

originating from the first subscriber station and having a

unique identification code associated with the second

subscriber station; _
transmitting a synchronising signal from the local station
simultaneously 1o the subscriber stations in the vicinity

thereof for synchronising a command data frame at the
~ local station with a reply data frame at the subscriber

stations; o
transmitting the characteristic signal via an optical link

. from the local station to a plurality of subscriber stations

in the vicinity of the local station, at least one of which
is the second subscriber station; '

positively identifying the ' characteristic signal at the

‘second. remote subscriber station and retransmitting to

the central station a signal representative of the second
subscriber station; and

allocating at the local station a communicationis channel

for establishing a voice-based telecommunications link

between the first é.nd second subscribex: stations,

. The invention extends to a telecommunications network comprising:

a)
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" a network of local stations, each station having an

associated local statibn identification code, and a local
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database; ‘ )

a plurality of telecommunications links joining the local
stations;

a plurality of subscriber stations arranged in clusters
around each local station, each subscribér station having
a miique identification code;

a plurality of wireless subseriber telecommunications

links joining the subscriber stations to their associated

local station; _
a system controller for managing the operation of the

-network, the system controller including a system

controller database incorporating a network map,

_ subscriber and local station data; and

updating means for continuously and automatically
updating the various databases via the network in
response to a change in the configuration of the network.

. Preferably, the updating means includes éllocz_m‘ng means for automatically
.allocating a telephone number to a subscriber station on joining the network,
once the subscriber telecommunications link has been established.

Advantageously, the telecommunications network includes routing means for
ronting a call from one subscriber station to another via a plurality of selected
local stations on the basis of the network map, and re-routing means for re-
routing a call via alternative local stations in the event of one of the selected
local stations being temporarily disabled.

~ The allocating means may include a databasc'contxoller at the local station
for recciving the unique code from each subscriber station, for generating the
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establlshlng a tel ecomuni cat rk conprising the steps of:
a), ‘providing a distribut eadlﬂg?v%%j@gf decentralised local *

stations jained’ o one another by tel ecomunications
| i nks, each |ocal station being arranged to service a

settlenent of dwellings; b) arranging, in a cluster
around each local station, a . plurality of static
subscri ber stations, each subscriber . station
havi ng a uni que code and being associated with . . -a
dwel I'ing in the settlenent; _ 6 . €) - establishing

subscri ber- tel ecommuni cations |inks ‘bet ween

t he subscri betelephon®nemberiby hembxmngan aHoeated number from the database with
local station; 'the local station identification code, and a voice synthesizer for transnultmg

the allocated telephone number to the subscriber station.

The telecommunications network advantageously includes a prepayment
station for establishing a credit facility for each subsecriber, the prepayment
 station being linked to the system controller database and including data entry
. means for entering personal details of each subscriber, and the unique
identification number associated_with the telephone.

The subscriber telecommunications links are preferably optical infra red links,

and the subscriber stauous are preferably clustered in lme-of-slght around the
lowal stanons '

The invention extends to a local station forming part of a telecommunications
network, the local station including an elevated exchange arranged in line-of-

sight with a surrounding cluster of subscriber stations, the exchange
comprising:

a)  subscriber data transceiver means for providing
subscriber telecommunications links for serially
transmitting and receiving, voice and other data to and
from the subscriber stations;

b) local station data tramsceiver means prowdmg local

| station finks for serially transmitting and receiving voice
and other data to and from the. other local stations in
- the network; _

¢)  alocal dawabase for storing data relating to the network,

including a netwerk map, subscriber and local station
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- managi ng e operation wor k using a system _ . - .
cqontrdl |l er; ct”rﬁg%‘ﬁﬁ?%est ablishing, at the system ~

COntroIIerf a system control | er database

i ncorporating a network map, subscri ber and

| ocal’ station data; f) ‘establ i shing associ at ed

| ocal dat abases at each of the | ocal stations;
g) aIIocatlng a station identification code to each |ocal

station; ' h) automatically allocating a tel ephone
nunber to a sﬂbscrlber station via a | ocal.
station on joining the net wor k, once the

communi cation |ink has been data;
' d)  a database controller for controlllng the database; and
e)  selector means for selecting communication paths
between incoming and outgoing links,

Convemently, the selector means includes a cross-bar switch and a cross-ba:
_controller for controlling the sw:tch

The local station eonyenicntly includes input synchronising means for
separately synchronising incoming data from the telecommunications links,

and output synchromsmg means for simultaneously synchromsmg outgomg -
data.

- ACcording to a still further aspect of the invention there is provided a
subscriber station for incorporation into a telecommunications network, the
subscriber station including a telephone.comprising;

a)  a central micro-controller havmg a unique identification
number stored therein; '

b) a dialling umt,

c) a laser transmitter and a laser receiver arranged to be
mounted in line-of-sight with a local station; and

d) clock 'rfgeneraﬁon, frame and bit synchronisation
circuitry for controlling the timing and synchronisation of
data frames received and transmitted via the respective
laser receiver and transmitter, and being arranged to
select and to receive frame synchronising bit;

The micro-controller being responsive to the bit synchronisation circuitry and
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established, and using the stnqtt;j 743’9@) ntification code as - N
er '

a_.conbonent of the tel ephone nu
al | ocat ed. t'o each subscriber station in the associ at ed
cluster; and : i)
updafing the various '

ichis

continuously and automatical |y

8

being arranged to enable a voice channel latch only in the event of a correct
~ voice channel being received from an input data frame.

BRIEF DESCRIPTION OF THE DRAWINGS .

| Figure 1 - shows a highly schematic view of part of a first
| : " embodiment of a telecommunications network of
the invention;

- Figure 2 . shows a highly schematic block diagram of the
subscriber’s end of the telecommunications
network of Figure 1; -

Figure 3 ' . shows a time-based graphical diagram indicating
' how data frames, are transmitted between a
_subscriber and a local station;

Figure 4 .- shows a highly schematic layout of a second
preferred embodiment of a telecommunications
newwork of the invention;

Figure § . shows a schematic block diagram of a sysfem
‘ controller forming part of the telecommunications

network of Figure 4;
Figure 6 - shbws a.schematic block diagram of a local or

pole exchange forming part of the
telecommunications network of Figure 4;

—_—
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3 : trghgmes via the network in response to a
chande in : : M7§?7%§?R the configuration of the network.
Preferably® the’change in the configuration. of- the network includes the
addi tion, subtraction or relocation of at |east one |ocal station and/or at
| east one subscriber station. Advant ageously, the nethod includes the
initial steps. of providing each tel ephone

9

Figure 7 showsa more detailed block diagram of a cross-
bar switch and associated circuitry forming part of -
the pole exchange; and

Figure 8 | shows a schematic block diagram of a telephone
at the subscriber’s end of the telecommunications
network. '

DESCRIPTION OF EMBODIMENTS,
The telecommuni_catibns network illustrated schematically in Figure 1 includes
a central, or local station 10 and a plurality of subscriber stations 12. The
central station 10 is mounted on a high mast 14 which is located in the centre
of a group of dwellings 16 making up a village. Mounted atop the mast 14 is
a conventional microwave link 18 incorporating a microwave antenna coupled
to a microwave transmitter and receiver. Just beneath the microwave antenna
is an opti&al transmitter 20 which has a conical footprint, as is indiéated in
broken outline at 22, which illuminates those dwellings 16 in the village which
are served by the telecommunications network. Doeated. just beneath the
- optical transmitter 20 is a receiver 24 for receiving signals 25 from the various
subscriber stations 12 located in the dwellings 16. A pole-top telephone
exchange 26 for the village is mounted between the transmitter 20 and the

receiver 24. An overhead light 27 is mounted just beneath the microwave link
18. ' |

Turning now to Figure 2, each subscriber station 12 is powered by a roof-
mounted solar cell 28 and includes a receiver in the form of a receiving laser
diode 30 and a transmitter in the form of a transmitting laser diode 32. Both
the receiver 30 and the transmitters 32 are coupled to a central signal

- il
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with a unique identity nunbergit 39¥3 ti ng the unique identity nunber to-
the associated | ocal station, 33aﬂ ﬂl ng, at the | ocal database, the

ufii que identity hunmber with t he t el ephone nunber prior to allocation

ther eof . Typically, the nmethod includes the step of entering, at a
paynent station, the unique identity nunber of a tel ephone, and personal

I dentity |nfornation of the associ ated subscriber, receiving paynent from-
t he subscriber, - entering associated credit . information, |inking by nmeans of
t he uni que identification nunber, the telﬁphone nunber allocated at the

| ocal station with the data entered at t paynment station, and enabl i ng

.t ger reg:ogggng - HBeessing®hnit ‘32l | Alkd Bordberddt &' the" Sighafs' filchssliy ARFR€W 8t N9
telephone handset 36 which incorpordtes a keypad 38. As is shown in Figure
1, both the receiver 30 and the transmitter 32 are mounted on the roof of the
dwelling 16, in line-of-sight with the respective central transmitter 20 and

recewer 24, Storage battenes may be provided for powenng the subscriber
station at night,

Bach signal processing unit 34 has a unique identification number associated
therewith by means of which signals carrying such an identification number
and directed to it via the central transmitter 20 can be recognised. The mode
of modulation of the signals between the respective central transmitter and -
receiver 20 and 24 and the respective subscriber receiver and transmitter 30
and 32 is such that it prowdes for sixteen simultaneous conversations to take

- ' place between subscribers in the village and/or other subscribers in the
national network to which the microwave link 18 is coupled. As many as
between four hundred and five hundred subscribers per pole top exchange 26
.could be provided with subscriber stations 12, although only sixteen of these
stations them could be linked via the exchangé 26 to the national network at
any one moment.

The central transmitter 20 includes a laser diode which typically radiates data
from the mast 14 at a rate of 1.112 Mbits s™*. As is shown in Figure 3, in
order to receive a cail from a signal from a main station 39 outside the village,
| the central trausmitter 20, on recexpt of a signal vna the mtcrowave link 18,
radiates a synchromsmg pulse 40 followed by the number of the unit being
sought a command byte 44. The synchronising pulse 40 sets up a reply frame

- 45 ‘at the right moment in all of the unoccupied subscriber stations, all of
which are continuously. monitoring the trazisnﬂssion from the central
transmitter 20. K
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e nmet hod may i ncl ude the st 75 r#ég@er step of using the network map to
detesmine the route of ‘a call 1f 2) subscri ber station to another via a

plurality of set ected local stations, and re-routi ng the call via
alternative |ocal stations in the event of one or nore of the selected

| ocal stations being tenporarily disabled, due to overloading or the I|ike.
Optionally, the nethod may i'nclude the step-of interfacing the

t el econmuni cati ens network with a conventional tel ephone network via the
system control |l er and/or the |ocal stations,

11
On recognition of the identity number, the sfgn,als prdcessor 34 associated with
that particular identity number provides a ringing tone in the relevant
dwelling, and transmits its own particular idéntity number back to the central
"receiver 24 in a subsequent synchronised reply frame 46. The command
frame 44 then responds by allocating to the subscriber station 12 one of
sixteen time slots defining sixteen voice channels 48. When the subscriber
answers the telephone, the conversation is transmitted in a time division
mulﬁplexing (TDM) method using the particunlar voice chénnel, such as voice
channel 4, which has been allocated by the pole exchange 26 via the central
transmitter 20. In this manner, the pole exchange is able to assign up to
sixteen different conversations at one moment.

When the subscriber wishes to originate a ielephone conversation by picking
up the telephone handset 36, the signals pmeeséing_ unit 34 conmtacts the
central recciver 24 on the mast 14 by transmitting its 'unique associated
identity number in the command byte 47 of one of the reply frames via the
subscriber transmitter 32. Should spare capacity be available, the central, or
command transmitter replies in a command transmission mode indicating the
particular time slot number to be utilised. Dialling information is then
transmitted from the subscriber station 12 to the central station 10, from
where it may be transmitted via the microwave link 18

‘Referring nowA to Figuré-_, 4, a current preferred embddimem of a
telecommunications network is illustrated. Only patt of the
_ telecommunications network, which covers two neighbouring villages 50 and
52, is shown. Each village has a number of local stations S¢A and 54B, which 7
are similar to the central station 10 illustrated in Figure 1. The local stations
S4A and 54B have a footprint 56 of approximately 130000m?, which typically
 includes about 400 subscribers. Bach subscriber has a telephone or subscriber

Thls Sheet Has Been R
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The |nvent|on extends to a telegso cations network conprising:
a) ‘a.distributed network iﬁ?@embal i sed | ocal stations,

>

12

station 58 which is linked to the local station 54A or 54B via an optical link
60. The local stations S4A and 54B include pole-mounted exchanges, which
will be described in more detail further on in the specification, The pole-

mounted exchanges are linked to one another by means of microwave links
62. | |

The entire network is controlled and managed by means of a system controller
64, which is preferably located outside of the villages 50 and S2 in a position
that allows it to be easily accessed by service personnel, but still in a central
position which allows it to be linked with at least two of the local stations 54A.
and 54B in each cluster via microwave links 66, or alternatively via cabling.
Both the system controller 64 and the local stations S4A or S4B may have
interfaces 68 which allow them to be connected to a conventional existing -
telephbne network. Each system controller 64 and its associated cluster of
local stations S4A and S4B forms a local exchange area.

A subscriber has to be in credit before he can receive or make calls.
Accordingly, a payment office 69 is located nearby the villages, and is linked
to the system controller 64 via a microwave or cable link 69A. Credit
" information is transferred between the local stations S4A and 54B, the system
. controllet"64. and the payment office, where the subscribers make advance
payments.

Each subscriber telephone S8 has a characteristic identification code that

uniquely identifies it from all other telephones manufactured. This

identification code serves as a primary reference in the various databases

against which all other subscriber information is entered. All payments are

" thus made against this unique identification number. In addition, each

~ telephone is automatically assigned a different telephone number, in a manner
-
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eac I on haV|ng an associ at ed
stat kron 173774 ntification code, and a Ioca
database - v _ a plurality of telecomunications |inks
joiningthe - : | ocal stations, each |ocal station
bei Ng arranged to . service a settlenent of
“dwel | i ngs; c) “a plurality of static subscriber

stations arranged in.

_ _ clusters around each | ocal
stati on, each subscri ber

station having a uni que

i dentification code and being 13 associated with a
dwel l'ing in the settlenent; _ d) a plurality of
Wi rel ess subs gtdtiwill becdeseribed in emdrealetail further on in the specification.  I'i nks

joining the subscriber stations to their associated

“Bach pole-top exchange has up to four microwave links, thereby alldwing a

_ call from one local station to another to be re-routed via a number of

~ different paths in the event of onme pole exchange being fully occupied.
Communication between pole exchanges, as well as between individual
telephone stations and via pole exchanges is effected using time division
multiplexing (TDM). The format of the TDM frame includes three
synchronising bits, a command byte and sixteen digitised voice bytes which
provide sixteen voice éhannels. as was described earlier 6n in the specification
with reference to Figure 3. The command byte of the frame is used for
command messages and for thc transmission of data between the pole
exchange and the telephone stations. The frames are transmitted serially and
are repeated approximately 8000 times per second. The pole exchange
transmits to all the telephone stations simuitaneously, and each telephone
‘station can transmit to its associated pole exchange either in the command
byte slot or in one of the voice channels.

The various components of the telecommunications system will now be
described in further detail. '

System Controllec

The system controller 64 illus;rated in Figure 5 has a microprocessor 70 at its |
heart. The microprocessor 70 has a memory component 72 having operating

~ software stored therein for performing various xﬁanag'emem tasks, A separate
mass storage device 74 is provided for storing the various databases and other
data that the system controller is responsible for managing. A terminal 76
allows maintenance personnel access to the various databases. The

This Sheet Has Been Repl
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| ocal station; 01732 743893 ° @ systemcontroller for managing -
t he operation of the network, the system
eontrol l.er-including a system °° : .controller

dat abase i ncorporating a network nap, _ subscri ber
and ‘l'-ocal station data; and 1) updati ng nmeans for
continuously and automatically ' updating fhe
various databases vi-a _the network in response to
a change in the conflguratlon of the net war k,

the updating means including aI | ocat i n91 means

for autonati cal Ingqal | ocatin

t el ephone nurrh
to a subscri FBMNEERANCE OPELA 'b?‘m "ﬁ E’d?‘ﬁbmusmg‘h‘ﬂmnab
al l ocating moaAngrellnak pbriimiing atamaﬁﬁmﬁg 'Youfinb€ adtessifif system statistics,

querying subscriber accounts and the like. A modem interface 78 is provided
in the link 69A to the payment office 69, and allows the microprocessor to
communicate with a corresponding terminal in the payment office 69. An
operator can thus record payments made by the subscribers and answer
subscriber’s queries. The data transfer between the tenhinal at the payment

office 69 a.nd the microprocessor 70 is encrypted using known techmqnes for
security purposes '

A cross-bar switch 80 is pmyid'ed t0 allow the microprocessor 70 to send and
to receive command data, (data from the command byte of the TDM frame)
respectively to and from the microwav_e links 66 via microwave link interfaces
82. The microprocessor 70 is thus able to transmit messages and data via the
microwave links 66 to any local station S4A or 54B in the exchange area.

. Calls can also be routed between the different microwave links, as well as
between the microwave links and the conventional network 'interfaee 68, The
system controller 64 thus doubles as an exchange. The cross-bar switch 80 is

_' similar to that used in the pole exchange, and'will be described in further
detail later on in the specification.

The conventional network interface 68 converts voice data from the sixteen
voice channels into a standard telephone format of sixteen telephone. lines,
and vice versa. Dialling information is also transferred to and from the

command byte of the TDM frame by the conventional telephone network.
~ interface 68.

The system controller 64 is responsible for the overall management of the
pole exchanges that fall within the exchange area. The management>tasks

_—
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| ocal station for receiving a rmqu@gggde from each
"subscYi ber station, for generzg | ephone nunber

By conbi gi ng an 'al | ocated nunber from t he dat abase

with-the local station identification code, and for

transmtti ng the allocated tel ephone nunber to the .
subscri ber station. The tel ecommuni cations network may further conprise

re-routing nmeans for re- routing a call via one or pore alternative | ocal
stations in the event of one of the
' 15

include the following:

- maintaining a logidal map of all the subscriber telephone
stations, together with the unique identification number of each .
telephone and the pole exchanges to which they are linked:

- maintaining a database’ of all subscribers, including personal
details, telephone numbers, credit information and the unique
identification numbers of each telephone;

- maintaining n directory of all the subscribers in the particular
exchange area covered by the system controller;

- - ‘maintaining a complete list of all telephone identification
numbers that have been blacklisted, such as stolen telephones;

- updating of subscribers’ credit information when the subscriber

makes payment, as well as mdummg when additional payment
. requtred

. downloading through the microwave links 66 to cach pole
exchange the relevant information for each subscriber telephone
- station 58 whiélg_ is linked to a particular pole exchange via one

of the local stations S4A‘ or 54B; '

- downloadmg to each pole exchange a routmg map of all the e
pole exchanges;,
- management of the vasious electronic services that can. be
—_
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5 selected | ocal stations beigll'l'g32t e/pogarily disabled.

®

16
provided;

- self-reporting of faults, which may, for e.xaniple, arise in one of
the local stations S4A or 54B or in'the system controller itself;
and

- transferring of new operating system software programs to the
local stations 5¢A and 54B via the microwave link. -

Examples of these electric services may be available credit, an electronic
telephone dxrectory, telephone numbers which have been allocated, the
statuses of such numbers, local news and events and advertising. These
services are managed by downloading the required information to the various

local stations. The system controller is able to update these services and to
add new services.

Pole Exchange

The pole-mounted exchange 83 illustrated in block diagram form in Figure 6
~ is responsible for establishing microwave links between local stations 54, as
well as serving the telephone subscriber stations 58 via the optical links 60.
Each pole exchange has a unique three digit number associated with it for
facilitating the automatic- routing of telephone calls. The pole exchange has
five bi-directional eommumcatlons channels, including the input and output |
infra red optical laser links 60 and 60A for communicating with the individual
subscriber telephone stations 58, as well as four separate input and output
microwave links 62A and 62B, 62C and 62D, 62E and 62F, and 62G and 62H.
The unique three digit number facilitates the automatic routing of telephone
*calls, and allows the microwave links 10 be used to transfer a call coming in
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The tel econmuni cati ons netvvor# ﬂ?uﬂ?gfpeousl y includes a prepaynent station
for establishing a credit fac ]| each subscriber, the prepaynent

station pei-ng |i*nked to the system control |l er database and including data
entry neans for .entering personal details of each subscriber, and the

uni que identification nunber associated with the tel ephone. The
subscriber tel ecomunications links are preferably optical infra-red Iinks,

and the subscriber stations are preferably cl ustered in I|ne of - si ght
around the | ocal stations. 17

either from one of the subscriber stations 58 or via the microwave links to
adjacent local stations S4A and S4B.

In view of the vanauon in the distance between the different local statxons
S4A and 54B, all sxgnals do not arrive at the pole exchange 83 at the same
t_xme. Consequently, the signals received from other pole exchanges have to
go through time synchronisation circuitry, which includes clocked -

. synchronisation detectors 84. Signals received from the subscriber stations 58 |
via the optical link 60 are in synchronisation with the transmitted qignals as
they use the same synchromsmg bytes to control their timing. Consequently,
no time synchromsatxon circuitry needs to be employed. . The optical signals
pass through input sampling circuitry 87 for converting the digital signals from
a return-to-zero to a TTL format. .

The pole exchangs 54 is divided into two microprocessing sections, namely a
database controller 88 and a cross-bar controller, or command processor 90.
‘The database controller 88 contains a database of all the subscribers beneath
the pole exchange 54, including their names, idenﬁtﬁ numbers, telephone
numbers, blacklist information (if a phone is stolen), language preference and
status (special privileges for higher rate), together with other information
which has been uploaded from the system controller 64. This information is
stored in RAM in a separate database 92. This database also updates the
credit balances of the varioﬁs;_.subscxibers as calls are made. These are later
relayed to the system controller 64. '

. A voice synthesizer 92A is controlled by the database controller 88, and is
' used to broadcast messages and instructions to the individual subscribers, such
as information on their available credit. The database controller 88 also
controls a number of timers 92B, which in tum perform all the timing

\\ -
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In a further aspect, the inv anoz R vi des a tel ecommuni cati ons network
conprising a distributed net 4 (; centralized | ocal stations

i‘nterconpected by a plurality of tel ecomunications |inks, each | ocal
station being arranged to service a settlenent of dwellings, and a _
plurality of static subscriber stations configured in a cluster around a
| ocal station, each static subscriber station having a unique

identification code and being associated with a dwel ling in a settlenent,
wherein each | ocal station includes: . a) _ an

el evat ed optlcal transmtter arranged td8transnit a

common optic t el ecommuni cations footprint over the
plurality of funetons of Absexchangest at i ons;

A RAM database 92D contains a map of the locations of all the pole
e:tchanges_ served by the system controller 64 via the nﬁmave link interfaces
- 82. The m’ab includes routing instructions incorporated in a separate routing
database 93 accessed by the cross-bar controller 90, and allows messages to |
‘be conveyed to a distant pole exchange from the pole exchange in question.
Theése instructions provide for alternative routing scenarios, so that in the
event of one of the microwave links 62 being fully occupied, an alternative -
‘Toute can be selected. Some of the _coni_mands received in the command bytes
are referred to. the database cox_nfoller 88, which interprets the desired
instruction and issues commands via a bi-directional FIFO buffer 94 cither to
the cross-bar controller 90 or to one of five.output command latches 95. The
rest of the commands are handled directly by the cross-bar controller 90. The
relevant data is routed through a cross-bar switch 96 under the control of the
cross-bar controller 90 onto the relevant user, via a data latch 97 and a
| parallel-to-series shift register 97A. A synchronisation generator 97C
synchronizes the output data, and an output coding circuit 97D is located on
the output optical link 60A, which will presently be described in more detail.
As the database controller 88 has no direct contact with the subscriber
stations, and as the command processor 90 requires data under the control of
the database co_iltrolier 88, there is subSmntia.l interaction between these two
MiCTOprocessors. |

Referring now to Figure 7, and as was described in an earlier embodiment
with reference to Figure 3, each data frame 98 comprises three
synchronisation bits 100, a command byte 102 and sixteen bytes 104 which are
allocated to voice channels, The data frame 98 is transmitted sequentially at
a data transfer rate of 1.112 Mbits 5., The cross-bar controller 90 is able to
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each*of the subscriber statldHé I onal opti cal
tel econmunikcati dns signal s;
transceiver neans for serially transmtting :
and “recei ving 'voi ce and data signals to and from ot her
|l ocal stations in the network via  the

.tel ecommuni cations |inks; -

c) | ocal station-

19
switch each of the sixteen data bytes tra.nsmiltted from subscriber stations 58
"and the other data links through any other data byte storage section on the
links of the cross-bar switch 96 for transmission either 10 one of the subscriber
_stations or to one of the other pole exchanges. The cross-bar controiler 90
has a standard operating function which performs all the time critical issues
 of the routing procedure, and is also capable of uploading information into the

database controller 88 for re-programming and modifying the database 92 via
the system controller 64. '

The incoming data frame 98 passes through the serial-to-parallel shift register
86 to a time synchronising circuit which includes a buffer 106 having a
command FIFO portion 106A and a data Jatch 106B. The data is clocked into
the buffer 106 by means of a master timing clock 108 which also governs the
timing of the cross-bar controller 90. The first full byte 102 of the data packet
is extracted as the command word, which is then passed on to the data base
controller 88 or the cross-bar controller 90 for interpretation. The remaining -
sixteen bytes 104 are then resorted via the cross-bar switch 96 for re-
transmission via output data frames 110A and 110B one frame later. The
controllers 88 or 90 attach any command that they wish to be sent with each

| outgoing data frame. The database controller 88 may also issue modifying
instructions to the cross-bar controller 90 providing for re-routing.

The cross-bar switch 96 comprises two dual port sets of static RAM, namely
an address set 114 and a data set 116, The address set 114. contains address
instructions on where to store each incoming byte of data so that it will be in
the correct location for retrieval and re-transmission. Each dual port set of A
RAM 114 and 116 includes sixteen bytes for each communications link. In the
present example, one optical link and four microwave links dre provided,
thereby resulting in eighty memory address locations per set. The data bus
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6 . d) 0f73horalTEXChange | ncluding first switching

means for - ‘ ' connecting calls between one static

subscri ber ‘stati‘on I and another within a
~particular local station, second : swi t chi ng

means for connecting calls between a static
subscri ber station, a renote |local station renote from
t he subscriber station, and third swi tching nmeans for

20

output of the address set 114 of the dual port RAM becomes the address bus
input of the data set 116, as is shown at 118. The cross-bar controller 90
writes into the address dual port RAM 114 the location of the byte at which
the current data is to be stored.

By way of example, and with reference to Figure 4, a conversation exists
between two subscribers or remote subscriber stations 119A and 119B which
are linked to one another via microwave links 62A joining the local stations -
S54A. Subscriber station 119A has been allocated, by the cross-bar controller
90 at the central local station S4A, channel 2 of link L2 of the incoming data
frame 98, as is shown by voice data "AA". Subscriber station 1198 has
similarly been allocated channel 0 of link LS of an incoming data frame 119;
as is shown by voice data "BB", Channeli 0 link LS represents the fifth physical

" address of the dual port RAM 114. A bit counter 120, which is driven by the
clock 108, on reading the number five, will siniultaneously' access the fifth
physical address of the dual port RAM 114, in which a twelve is stored, and
the fifth buffer 106C, in which the "BB" has been stored. Data "BB" is then
transferred to address location welve of the data set 116, as is indicated by
the address number five of the address set 114,

Oncs the counter 120 has progressed to the twelfth address location, the data
"BB" previously stored in the RAM data set 116 is then-transferred to the
output data latch 97E, and the data "AA", which has similarly been stored in
the fifth location of the data set 116, is transferred to-the output data latch
97F. The output circuitry is also provided with clock-driven three bit
synchronisation components 124 both of which are derived synchronously from
the common synchronisation generator 97C, as well as the command latch 94.
Multiplexers 128 moves between the synchronisation 'compbnents 124, the
command latches 94 and the dara latch 97E and 97F to build up the relevant

_—
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connecting calls fromone nel(ghg)pq“gﬂyg | ocal station to
anot her via the local statio e) a routing

dat abase. | imked 't o the | ocal exchange for _
~assisting in routing calls to distal local stations along

at |'east one path; f) a subscri ber database
| ncorporatl ng details of stat I C .subscri ber

stations linked directly to a particular |ocal
station and including the unique ide_ntifi'lcat I on codes of

data frames 110A and 110B via the parallel-to-serial shift registers 97A for
~ transmitting on to the next pole exchange. |

The Telephong

Referring now to Figure 8, the telephone, or subscriber station 58 comprises
a roof-mounted laser pair including a laser tran@itter 132 ‘and a laser
receiver 134. A microprocessor-based controller 136 is at the heart of the
telephone S58. Serial data from the receiver laser 134 is converted into
parallel form by' means of a serial-to-parallel converter 138. A clock
regeneration, frame and bit syl'xchmnisation circuit 140 provides both bit and .
| byte clocks for both the receive and the transmit circuits. The seriak-to-
parallel converter 138 is driven by the bit clock from the bit synchronisation
circuit 140 via a clock line 142. The bit counter of the bit synchronisation
circuit 140 resets every frame, that is, every 136 bits, and checks the following
three bits received to see if they are valid synchronising bits, If they are not,
. then the bit counter is adjusted by one count and the comparison is performed
again when the bit counter resets. The bit counter is therefore adjusted until
it is synchronised to reccive frame synchronising bits. In a worst case
scenario, it will take 135 frames to gain synchromicity. Once the - bit
 synchronisation circuit 140 is synchronised to the receive frame, it transmits
a valid synchronisation signal to the micro-controller 136 via a valid
synchronisation line 144, in response to which the controller 136 starts its
| internal frame clock.

Once the bit synchronisation circuit 140 is synchronised, it also enabies a
command word latch 146, thereby to latch the receive command word in each
frame. This command word is then read by the micro-controller 136. The
micro-controller then only enables a voice channel latch 148 via a latch enable
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subseri ber station; 01732 74397 Q) at |east one database
control | er~for controlling the operation of the
subscri ber and routing databases; - and . h) updati ng

means for continuously and -automatically

updating the subscriber and the routing databases via
the local or static subscriber stations in response to a
change in the eonfiguration of the network, the
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~ line 150 when the correct voice channel is received. Digit'al signals from the
receiver voice channel latch 148 are converted by means of digital-to-analogue
- ¢ircnitry 152, and are then transmitted to a handset loudspeaker 154. The

handset loudspeaker 154 is also actwated by a tone generator 156, which is
operated by the nucro-controller 136.

I the miéro-contrpller 136 needs to send a command word to the pole
exchange 54, it puts a command'byte onto the command bus 158, sets the
mput ofa two-mput multxplexer 160 10 the command bus input, and latches
the command byte into a transmit latch 162 via a latch enable line 164. When
the correct time slot for the command byte occurs in the receive frame, then
the micro-controller 136 enables transmission of the transmit byte into a
parauel-to#séﬁal convertor 166, via a transmit enable line 168, The byte is
then clocked out in serial form to the transmit laser 132 by means of a clock
signal from a byte clock line 170.

The micro-controller 136 imetp'rets'and' executes commands from the pole
exchange 54. On request by the pole exchange 54 or during automatic logging
_in or powering up, it transmits a unique identification number 172 which is
stored within the memory of the micro-controller 136. The unique
) identification number is unique to a particular telephone, and is entered
durmg the manufacture of each telephone. '
This number remains unchanged, and is used
for the purposes of record keeping at the system controller 64,

Thé micro-controller 136 also cdn;rols the operation of a keyboard circuit 174,
 which is used for dialling, and the tone generator 156, which provides the
necessary ring, engaged and busy tones, An on-hook switch 176 is linked to
the micro-controller, and is activated on release of the handset 178 from its

—_—
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autortatically allocating a tell@phddddTunber to a static

Subscri her *station on joining the network. Conveni ent |y,
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wall-mounted bracket. The micro-controller also generates the required
command words and dialling data which are input via the keyboard circuit
174. The micro-controller is instructed by the pole ‘exchange 54, which
transmits and receives voice channels to use in the respective receive and
transmit frames. Voice output data travels from a handset microphone 180
to analogue-to-digital circuitry 182, which then drives a voice input line 184
of the multipléxer 160. The micro-controller 136 tl;én sets the input line of
the multiplexer 162 to the voice input line 134, and latches the voice data into
the transmit latch 162 . When the correct time slot for the transmit voice
channel occurs, the micro-controller 136 enables transmission of the pirallel-
to-serial convertor 166, and the voice byte is then sent in serial form from the |
transmit Jaser 132, When no data is being transmitted; the output to the

transmit laser 132 is maintained in an off state by a signal from the transmit
- enable line 168.

On purchasing a telephone at a retatl outlet, the subscnber then contacts the
nearest payment office 69. At the payment office, all the subscriber’s personal
details are entered, and an account is opened bearing the unique identification
number 172 of the telephone, and credited with the amount that the
subscriber pays. Once the relevant information has been entered at the
payment ofﬁce. it is then transmitted via the microwave or cable link 69A to
the system controller 64, where it is cntered into the mass storage device 74.
The subscriber then returns to his v:llage wuh his newly purchased telephone,
and installs it, which includes the step of mountmg the laser transmitter 132
and the laser receiver 134 on his roof in line of sight with the nearest local
station 54. '

_Dun'ng the lining up procedure, the new subscriber station transmits a logging
in message at periodic intervals to the local station, until the required optical

—’__’_/————— .
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link has been established. . This is acknowledged by the local station
transmitting an acknowledgement signal to the subscriber station, in response |
to which the subscriber station transmits its unique identification number. On
receipt of this unique number, the database controller 88 at the pole exchange |
83 extracts an unallocated three digit number from the RAM database 92, and
combines it with the charactéﬁsti_é three digit local station number into a six
digit telephone number, which is stored in the database 92 with the unique
identification number of the new telephone. This six digit number is then
transmitted down to the telephone via the voice synthesizer 92A.

The ‘allocated telephone number and the unique identification number is
simultaneously transmitted to the system controller via one or more of the
local stations, and this data is matched with the same identification number
which has been stored in the mass stbrage device 74, together with all the
other subscriber and credit details which have heen entered via the payment
office 64. Provided that the consumer has a positive credit balance, an enable
~ signal is then sent back to the new subscriber station, and the subscriber may
then start to make telephone calls. All the necessary credit and subscriber

- data is downloaded from the system controller 64 to the database controller
88. ' ' '

The system controller also .transxi:lt's the updated information to ail of the
database controllers 88 at the other local stations S4A and S4B. The pole
exchanges 83 at the local stations are then able to use the updated maps to
" determine the routing df a call via a number of different routes, so that in the

event of one route being disabled or overloaded, an alternative route can be
 found. o | |

If a subscriber moves his place of residence, he mercly takes the telephone
—
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- enmbodi ment 0178 1483%/é1 ecommuni cati ons network of the
i'nventiqgn; - Fi-gure 2

_ " shows a highly schematic bl ock di agram of
the subscriber’s end of the tel ecomunications networKk
of Figure 1; Figure 3 shows a tine-based graphical diagram

i ndi cating how data frames, are transm tted bet ween a
subscri ber and a | ocal station;
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with him. Provided he moves within the same local exchange area, he will hot
have to contact the payment office. Naturally, if he is still within the same
footprint 56, then he needs to take no further action. However, if he moves
into a footprint covered by a different local station, he merely re-installs his
telephone and communicates with the pole exchange, which will in turn notify
the system controller of the new location of the telephbne. The entire
telephone network will then be updated in the manner described previously.

If a subscriber moves to a different exchange area, he will have to notify his |
local payment office, which will refund his outstanding credit. On reaching
the new local exchange area, he then goes through the process of installing his

telephone by initially visiting the nearest payment office, paymg and provxdmg
his details in the manner described.

When a subscriber picks up his handset 178, a command word is transmitted
via the transmit laser 132 to the pole exchange S4A in a manner previously
described in the specification. The number of the caller is also received at the
command processor 90, and this number is passed on to the database '
controller 88, which performs a validation test on the number. If a number
does not pass the test, in that the phone is a stolen unit or has no available

| credit, then the call is terminated. On passing the test, the caller’s phone is
then allocated a channel to use and is allowed to proceed with the call. The
database controller 88 may tl'le_!} activate the voice synthesizer, and sends the

' app;'opriate credit, information down to the telephone S8 in its assigned
channel. | |

The command processor 90 receives a number to be called, the structure of
which determines whether it is a local call or a call to a remote area. If the
call is local, the command processor 90 will attempt to communicate with the
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relevant telephone via its command word. Should the telephone not respond,
or report back that it is busy, thén the caller is given an engaged signal and
the call is terminated. If a telephone responds that it can accept a call, then

it is also allocated a voice channel and the connection s st up via the cross-
bar switch 96, as was explained earlier on in the specification, The database

controller 88 is then informed that the connection has been set up, and the
database controller 88 then begins to time the call agamst the credit of the
caller. If the credit drops to below zero, then the database controller 88 will
inform the command processor 90 to interrupt the call and to terminate the

. connection. When one of the parties terminates a call, the command

processor 90 terminates the connection and informs the database controller

88 that the call bas ended. The remaining credit balance of the caller is then
updated. ' ' '

A call to a remote area is indicated by some form of code preceding the

number to be called. In this case, the command processor 90 will send out

the request on one of its external links 62 or 66, as-is determined by the .

routing database 93. The targeted remote area exchange then interrogates the
phone being called, assigns a channel to i, if it is available, and reports back

this information to the cail ofiginating pole exchange 54 If the called phone |

is available, then the connection is made via the cross-bar switch on the

relevant pole exchange, and is timed in the manner described. If the called.

phone is not #vaﬂable. then an e_hgaged tone is sent to the allihg phone and
the call will be terminated.

Incoming traffic is analysed to check whether the local exchange areais a

destination of any of the calls. If this is ot the case, then the data is merely

routed along the best path 62 or 66, to enable it to reach its destination with
the aid of the routing database 93. If alocal area is the destination for a call,
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the phone to be called is interrogated in the manner described, a channel is
assigned to it and the connection is set up in the cross-bar switch 96. Cails
between local and remote areas only require one voice channel, as up to
- sixteen calls can be accommodated at any one time if they are all of this type.

In the event of a number of subscribers all starting conversations in the same
frame at the same time, there will be a clash of messages, resulting in the pole
exchange not being abie to receive an uncorrupted signal, and not knowing
who has been calling it. In order to cater for this situation, each of the
~ subscriber stations attempts to make a call and then waits off for a variable
number of frames befbre trying again. By random staggering of the frames,
 clashing of messages is minimised. Should all sixteen communication channels

be occupied, a busy signal is sent back to the user and the user has to wait
until a free channel becomes available.

The particular configuration of the telecommunications network, especially as
described in the second preferred embodiment, provides it with certain
advantageoixs features. The network is essentially self-maint#ining, in that it
automatically caters for the éulding of new telephones, the replacing of
telephones and the moving of existing telephones to be covered by different’
local stations. Furthermore, if a new pole exchange is added, then the system
controller will automatically update its map of the entire network and
download this information to all of the pole exchanges. Self reporting of
network faults is another advantageous feature. '

If the subscriber reports the theft of his phone to the relevant authorities, the - Va
particular unique identification number is blacklisted throughout the network,
which will assure that the stolen phone is totally inoperable.
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A major advantage of the telecommunications network of the invention is that
it avoids the need for an expensive copper-wired network with the network
infrastructure and maintenance problenis associated therewith. The optical
links between the subscriber stations and the pole exchanges do not employ
critical components, as would be tlie case in respect of radio links. As the
telephone is installed by the subscriber, there is no requirement for a large
staff of service personnel. Hy means of the voice synthesizer located in the
pole exchange 54, the telephone network can be customised to suit the
language requirements of a local population. By employing a credit-based
system incorporating a pay office, payment for all calls is guaranteed.
Maintenance staff are minimised, as the subscriber may personally return his
 telephone to the supplier should a fault arise. The re-routing facility allows
- fanity or overworked pole exchanges to be bypassed.

The optical link established between each local station and the individual

. Subscriber stations may be replaced with a microwave link or a radio link,

although these would probably be less cost-effective. The telecommunications
‘network of the invention is also not confined to a village-based applieatioh. :
It can be extended to a corporate environment in which radiatmg sources can
be located in each room and a person is able to move around the building
carrying a subscriber station which has a particular telephone number and an
ID number assoclated therewith, The various telephone messages are

" radiated in a multiplex fashion from every room into the volume of that room..

- The telecommunications system can therefore support up to sixteen corporate
conversations through the PABX irrespective of the locations of the various
users. It is envisaged that this will be a less expensive system than an existing
radio telephone system, which relies on.the use of relatively expensive tuned |

circuits and. technology which raises the costs of the individual subscriber
stations. |

This Sheet Hag Been

LT fill



ElFKINGTUt\é&FIFE 1D:01732-743973 4 20 FEB'96 =~ 9:33 No.001 P.31

t bl ock di
at tHhe subscriber's end of tﬁ@ﬁeﬁéi ematic bl ock diagram of .a.tel ephoné

ni cati ons
Aet wor k.  ~DESCRI PTI ON OF EMBCDI MENTS. The tel econmuni cati ons net wor k

illustrated schematically in.Figure 1 includes a central, or local station
10 and a*p#urak—n—t—y—ef&smsul ber stations 12. The central [ [

i

CLAIMS

1. A lhethod of establishing a telecommunications network
comprising the steps of;
a)  providing a network of local stations joined to one
‘another by telecommunications links;
b) afranging, in a cluster around each local station, a
| plurality of subscriber stations, each subscriber station
having a unﬁque code ;
c) establishingsubs_aibeitelecommunicationslinksbeween
the subscriber stations and their associated local station; -
d)  managing the operation of the network using a system
controller; ' S
e)  establishing, at the system controiler, a system controller
" database incorporating a network map, subscriber and
. local station data;
f)  establishing associated local databases at each of the
local stations; and
g)  continuously and automatically updating the various
_ databases via the nétxﬁo_rk in response to 2 change on the
configuration of the network. - :

2. A method according to claim 1 in which the change in the
configuration of the network includes the addition, subtraction or relocation

of at least one local station and/or at least one subscriber station.

3. ' A method according to either one of the preceding clahﬁs which
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of a group of dwellings 16 r’rﬁﬂ@g lﬁ@ ? vill age. Mounted atop the mast 14.-s -
a,conventiopal mcrowave lin ? 3) porating a mcrowave antehfid coupl ed
to a mierowave transmtter and receiver. Just beneath the nicrowave antenna

i's an opfjg \ 20 which has a conical footprint, as is indicated
in brokemmmi\mmﬂﬂmv\m ch illum nates those dwellings 16 in the _
~village ar e wsesved by the tel ecommuni cations network. Locat.ed just
beneath the optical transmitter 20 is a receiver 24 for receiving signals
25 fromthe various subscriber stations 12 located in the dwellings 16. A
pole-top tel ephone exchange 26 for the 8Dl 1 age is nounted between the

transmtter 20 and the receiver 24. An overhead light 27 is nounted just
beneat h t he rihclndemtbe| step of3 automatically allocating a telephone number to a

subscriber station via a local station on joining the network, once the
communications link has been established. |

4, A method according to claim 3 which includes the initial steps -
of providing each telephone with 4 unique identity number, transmitting the
unique identity number to the associated local station, and linking, at the local

database, the unique identity number with the telephone number prior to
allocation thereof.

5. A method according to claim 4 which includes the ‘step of

. entering, at a'payment station, the unique identity number of a telephone, and
peﬁonal identity information of the associated suBs_criber, receiving payment
from the subscriber, entering associated credit information, linking, by means
of the unique identification number, the telephone number allocated at the
local station with the data entered at the payment station, and enabling the
relevant subscriber station in the event of a credit balance existing in reSpecf
thereof. '

6. A method according to any one of claims 3 to 5 which includes
the step of allocating a station idemtification code to each local station, and
using this identification code as a component of the telephone numbers which
are allocated to each subscriber station in the associated cluster.

7. A method according to-any one of the preceding claims which
includes the step of using the network map to deter_inine the route of a call
from one subscriber station to another via a plurality of selected local stations,
and re-routing the call via alternative local stations in the cvent of one or
more of the selected local stations .being temporarily disabled, due to |

e —————
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ed by a ro
nount’ed sol ar cell 28 and I nc ecei ver in the form of "a receivi ng

I"aser. di-rodé—30and—a tTransmitter in the formof a transnitting |aser diode

g?gngloth tmi]“mmn“ “Ilfmmnd t he transmtter 32 are coupled to a Céntral

31
overloading or the like.

8. A method according to any one of the preceding claims which
includes the step of interfacing the telecommunications network with a

conventional telephone network via the system controller and/or the local
stations, '

9. A method according to any one of the preceding claims in which
the wireless telecommunications link is an optical infra red link.

10. A method of establishing a telecommunications link between
first and second subscriber stations including the steps of:

a) receiving, at a local station, a characteristic sig,ﬁal :
| originating from the first subscriber station and having a
unique identification code associated with the second
subscriber station

b) transmitting a synchronising sxgnal from the loeal stanon.
simultaneously to the subscriber stations in the vicinity
thereof for synchronising a command data frame at the
local station with a reply data frame at the snbscnber
stations; |

c) transmntting the characteristic Stgm.l via an opncul link
from the local station to a plurality of subscriber stations
in the vicinity of the local station, at least one of which

. is the second subscriber station;

d) positively identifying the characteristic signal at the
second remote subscriber station and retransmitting to
the central station a signal representative of the second

-
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processing unit 34.

to the signals processing unit 34 Js
a tel'ephone handset 36 whi chﬁﬁﬁgqﬁé tes a keypad 38. As is shown'in ’

Figure 1, both the receiver 30 and the transmitter 32 are nounted on the

roof of tH"HBm n line-of-sight with the respective central
transmtt I I]ﬂ ”Iﬂr 24. Storage batteries may be. provided for
powering the Subdscm ber station at night.

32
subscriber station; and
e) allocating at the local station a communications channel -
for cstablishing a voice-based telecommunications link
berween the first and second subscriber stations.

11. A telecommunications network comprising:

a) a network of local stations, each station having an
' associated local station identification code, and a local
database; '

b) a plurality of telecommunications links joinirig the local

| stations; -

¢)  a plurality of subscriber stations arranged in clusters -
around each local station, each subscriber station having
a unique identification code;

d)  a plurality of wireless subscriber telecommunications
links joining the subscriber stations to their associated
local station; )

e)  a system controller for managing the operation of the
network, the system controller mcludmg a system
controller database incorporating ‘a network map,
subscriber and local station data; and

f) .updatmg means for continuously and automatically

' updating the various databases via the network in

response o a change in the configuration of the network.

12. A telecommunications network according to clmm _1_1'in which
the updating means includes allocating means for automatically allocating a
telephone number to a subscriber station on joining the network, once the |
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Each signal processing unit a yni que identification.number 7 - "t~ ~
associ ated therew th by mean?ihz;2 V\%ﬁzﬁ signal s carrying. such an

_|dent|f1—cat1—on—ntmb€r—%md—d|rected to it viathe central transmtter 20 can

be recog nodul ation of the signals between the respective:
cenfral lﬂﬂﬂrmlmmﬂmj Ecei ver 20 and 24 and the respective subscri ber
recei ver ctrans 0-and 32 is such that it provides for sixteen
si mul t aneous conversations to take pl ace between subscribers in the village
and/ or other subscribers in the nationa $%netmork to which the m crowave

link 18 is coupl ed. As many as between ur hundred and five hundred
stations 12, SabechBepteemgmonEains ink B best eBOBUES, o coui'd be 11 nked
via the exchange 26 to the national network at '
13. A telecommunications network according to either one of the
preceding claims which includes routing means for routing a call from one
subscriber station to another via a plurality of selected local stations on the
basis of the network map, and re-routing means for re-routing a call via
alternative local stations in the event of one of the selected local stations
being temporarily disabled.

14 A telecommunications network according to claim 11 in which
the allocating means includes a database controller at the local station for
receiving the unique code from each subscriber station, for generating the
telephone number by combining an allocated number from the database with
‘the local station identification code, and a voice synthesizer for transmitting
the allocated telephone number to the subscriber station.- |

15, A telecommunications network according to any one of claims

11 to 14 which includes a prepayment station for estabhshmg a credit facility

for each subscriber, the prepayment station being. linked to the syStem
- controller database and including data enury means for entenng personal

details of each subscriber, and the umque identification number assoqated
' with the telephone. |

16. ] A telecommnniw;tions network according to any 6ne of claims

11 to 15 in which the subscriber telecommunications links are optical links,

and the subscriber stations are clustered in I-ine-pf-sight around the local T
stations.

17. A local station forming part of 4 telecommunications network,

—_—
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The Central ter 20 includes .a |aser di ode whi ch
typi cally r adi ates dat a froﬁlﬁ@%g§14 at a rate of 1.1L2.Mits. s[err]

As is showi—A—Fi gure—3; 1 n order to receive a call froma signal froma

- main statj e village, the central transmtter 20, on receipt
of a si gn‘éﬂ‘“ ‘1! a ve link 18, radiates.a synchronising pul se 40
fol l.owed. the unit being sought a command byte 44. The

synchroni si ng pul se 40 sets up a reply frane 45 at.the right nonment in al
of t'he unoccupi ed subscriber stations, all of which are continuously
nDnltorlng the transnission fromthe ceg@ral transmtter 20.

the local station mcludmg an elevated exchange arranged in line-of-sight with
a surrounding cluster of subscriber stations, the exchange comprising:

a)  subscriber data  transceiver means for providing
subscriber telecommunications links for serially
transmitting and receiving voice and other data to and

from the subscriber stations; |

b) local station data transceiver means providing local
station links for serially transmitting and receiving voice
and other data to and from the other local stations in
the network;

<) a local database for storing data relating to the network.
mcludmg a network map, subscriber and local_stanon
data; | |

d)  adatabase controller for controlling the database; and

e) selector meuns for selecting communication paths
between incoming and outgoing links.

18. A local station according to claim 17 in which the selector
means includes a cross-bar switch and a crossfbar controller for controlling the
switch.

19, A local station according to cither claim 17 or claim 18 which

includes input synéhronising means for separately synchronising incoming dota
- from the telecommunications links, and output synchronising means for
simultaneously synchronising outgoing data.

20. . Asubscriber s_taﬁon for incorporation into a telecommunications
network, the subscriber station includirg a telephone comprising:

TG
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a) a central micro-controller having a unique identification
number stored therein;:

b)  a dialling unit; *

¢) a laser transmitter and a laser receiver arranged to be
mounted in line-of-sight with a local station; and

d)  clock regeneration, frame and bit synchronisation
circt;itry for controlling the timing and synchronisation of
data frames received and transmitted via the respective
laser receiver and transmitter, and being arranged .to'
select and to reccive frame synchronising bit. |

The m_icro-coxitrolle'r being responsive to the bit synchronisation circuitry and
being arranged to enable a voice channel lawch only in the event of a correct
voice channel being received from an input data frame.

—_—
This Sheet Has Been Re

T



ELKINGTONSFIFE ID:01732-743973 A : 20 FEB’'96 9:40 No.001 P.46

On regognition of the identi the signals processor 34 aSSOCIated
wi,th that partjcul ar |dent|tyyﬁﬁnggﬁv%rOV|des aringing tone-in the -

rel evant dwel ling, and transnmts i86 own particular identity nunber back to

~the-central receiver 24 in a subsequent synchronised reply frane 46. The
command frame 44 then responds by allocating to the subscriber station 12
one of sixteen tine slots defining sixteen voice channels 48. Wen the
subscri ber answers the tel ephone, the conversation is transmtted in a tine
di'vision nul tipl exing (TDM TELEOOMMUNIGATEONS NETWRK! i cul ar voi ce channel, such
as voi ce channel 4, which has been allocated by the pol e exchange 26 via

- the central transmtter 20. In this manner, the pole exchange is able to
assign up to sixteen different conversations at one nonent.

ABSTRACT

The-ﬁmehﬁon.nﬁaus u»a;unnhnd.ofcsuﬂﬂmﬂﬁnk'a,uﬂecoﬁunnnﬁnﬁonﬁ
network. - The method includes the steps of providing a network of local
svanons;omedto ome anm.herby mmowavehnks.andamnglng.machster
around cach local station, 2 plurality of subscriber, or telephone stations, each
subscriber station having a unique code. Optical telecommunications links are
then established between the subscriber stations and thmr associated local
station. The operation of the network is mmgedusmga.systemconnoner
at which a system controller daabase incorporating a network map, subscriber
and local station data. Associated local databascs are established at each of
the local switions, and the various databases are contimuously -and

- automatically updated via the network in response to a change on the 8
configuration of the network. The ivention extends to a telecommunications - ‘
network, as well as to the various components of the network. Ihexnwennon
is of particular use in the informal housmg sector.
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e subscri ber mns es t ﬂgl 2 e a tel ephone conversation by plcklng
up ‘the tel ephope. handset 36, 1@ | s processing unit 34 contacts the
central *teceiver 24 on-the mast 14 by transnmitting its uni que associ at ed
i dent i ty-meberin_the command byte 47 of one of the reply franes via the

subscriler transmtter 32. Shoul d spare Tapacrty—e—avartablent.lo.contral
or comrgnd transnitter replies in a command transni ssion node indicating
the partjicular tinme slot nunber to be utilised. Dialling information is
then trgnsmtted fromthe subscriber station 12 to the central station 10,
fromwhdre it may be transmtted via the mcrowave |ink 18.

1/8
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Eﬁégerrlng now to Flgure 4,
t el ecomuni cat j ons net wor k

[ﬁg J?m@t r at ed.

Only part

2
referred enbodi nent of

9;3? No.0O1 P.39

of the

teleconnunlcatlons network, which covers two nei ghbouring villages 50 and

has_a pnupber of | ocal

52, is s

-mhlch ar 5|n1lar to the central station 10 1 [Tustrateg rn
1 ocal
13000

subscri

rr], which typically includes about 400 subscrlbers
r" has a t el ephone or subscribeiyg

S

S ~_
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m élocal statlon 54A or 54B via an
optical link 60. The | ocal laﬁ of354A and 54B incl ude pol e- nount ed
exchaqw;cb-wemrl bed in pore detail further on in the
speci fl cation. The pol e- nounted exchanges are linked to one another by . .
means pf m crowave |inks
. 3/8
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UNIT TO SUBSGRIBER
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Eé‘fINGT‘PHgF&ﬁE re networ Dlgléﬁzgg‘;‘;]ﬁ@g and managed by neans of a system

controller 64, which is prefé@

52 in
but st
two of
66, or
| ocal -
connec
contr
forns

ated outside of the villages 50 and
a4p05|t|on that allows it to be easily accessed by service personnel,
ill in a central position which allows it to be linked wth at |east
~tre—t+eeat—stations_54A and 54B in each cluster via microwave |inks
alternatively via cabling. Both The Sysrermrcont+étter~edand {he

st ati ons 54A or 54B may have interfaces 68 which allow themto be
ted to a-conventional existing telephone network. Each system

ler 64 and its associ ated CIQ§ger of | ocal stations 54A and 54B

a | ocal exchange area.

This Sheet Has Been Repl

HIIIIH Mt i




ELKIN TDN&FIFE | 10:01?32—?a39?3 4 20 FEB’96 9:38 No.001 P.42
subscriber has to be in cr 1.%2 t?ggc? e he can receive or nake calls.

A(;cordl ngly,.a, paynment OffIC cated nearby the vi'llages, and is
| i nked &0 tFle system control l er 64 via a nicrowave or cable l'ink 69A
Credit |péeeraion—is—transfeorred hetween the |ocal stations 54A and 54B,

the systfemcontroller 64 and the payrrent of fice, where (hée_SuUDSCripers—Teake"

advance payments. Each subscri ber tel ephone 58 has a characteristic

identififcation code that uniquely identifies it from all TtidSheetHe
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g gﬁ%ﬁfpgion code ﬁ@ﬂﬂ%¥5%§243§7§nary reference in the various databases
ELK §f St which all other sulpstyi B3T3 nformation is entered. Al payments are
.t hus madesagai-nst this unique identification nunber. In addition, each
tel ephone is automatically assigned a different tel ephone nunber, in a

manner
6/8
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ELK @%TGMIF\E Il be desdPiiDdd32n A3 rsbﬂet ail further on in the specification.
h pol e-top exchange hasUh 2td3 m crowave |inks, thereby allow.ng a
,ca‘ll fronmfone-1 ocal station to another to be re-routed via a number of
different paths in the event of one pole exchange being fully occupied. .
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ELKRNGEM@FQ ations angi vi-a mbf %manges Is effected using tine division
mJL'M pl extng (TDM. The for J e TDM frame i ncludes three
synchron|SJag bits, a command byte and sixteen digitised voice bytes which
provi de sixteen voice channels, as was described earlier on in the
spec|f|cra_];_|_q_u_mrh_retprnrp fo Fiqgure 3 . The commnd. bvtite of the frane is
used fod command nessages and for the tr sm ssion of data between the pole
exchangq and the tel ephone stations. Th§ ranes are transnmitted serially
and are |repeated approxi mately g 00 per second. The pol e exchange
transmtfs to all the tel ephone L;' | t aneously, .and each tel ephone
station|can transmt to its associ ated pol xchange either in the conmmand )
byte slqt or in one of the voice cha . ' \
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The -vari ous corrponents of the tel ecommunications systemw | |

NOW 4B8ve-t w3

descrl bed in further detail. System Control ler - The systemcontroller 64
illustrated in Fi gure 5 has a microprocessor 70 at its heart. The
‘m ¢toprocessor 70 has a menory conponent 72 having operating software
stored therein for perform ng various managenent tasks. A separate nass
st or age devi CEEPLAICEIpISORERTSd forS(Btor ng the various databases and ot her
. | Description : paged .. ... to paged .. 2%.... 1 e
¥f Claim(s)  :paged.™.... to paged 15 7 ‘PLACEMENT SHEETS  SG
{1 Drawing(s) : paged ........ to paged .......... - ,f'r'*p tion : paged_ *.o 10 paged 2.
M Abstract  :paged ... to paged .. ... _ s/ Sy : paged :"‘ to paged B,
DATE OF RECEIPT........ S R raving(s) paged M. to paged 7.
rreeeessteeseeriteanssiarinenns yaﬂ hstract paged Bt paged -
. Telecanmnications Network DATE OF RECEIPT.»ff[1. . .

BACKGROUND TO THE INVENTION

This invention relates to a telecommunications network, as well as to a

method of establishing a telecommunications link between a remote telephone
and a central exchange. |

. In most third world countries, the large majority of rural communities and

even poorer urban communities do not enjoy the benefits of even the most
basic telecommunications system. At best, these communities have access to
one or more pay phones which are invariably vandalised.

Conventional hardwired systems involve an expensive infrastructure including

copper wiring leading from each subscriber’s telephone to the central -

exchange. An extenswe network of trenches and telegraph poles are required

to route: the copper wiring. The provision of copper wmng in areas such as

remote villages and squatter camps is impractical, in that it is extremely
expensive to install and it is usually stolen by those members of the
community who do not have a telephone system. Maintenance of a hardwired
telecommu'r_liéations infrastructure in such areas is arduous; in some cases, an
element of 'di'anger may even exist. Cellular radio systems are relaﬁvely

expensive to manufacture, in that there are critical components in each radio
that require accurate tuning.

_—
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data that the systemcontroller is responsible for managing. A termnal 76
al l-ows mai ntenance personnel access to the various databases. The

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is prbvided a method of
establishing a telecommunications network comprising the steps of:

a) providing a network of local stations joined to one
another by telecommunications links;

b) arranging, in a cluster around each local station, a

| plurality of subscriber stations, each subscril;er station
having a unique code ; '

©) establishingsubscribertelecommunicationslinksbetween
the subscriber stations and their associated local station;

d) managing the operation of the network using a system
controller;

e) establishing, at the system controller, a system controller
database incorporating a network map, subscriber and
local station data;

f) establishing associated local databases at each of the
local stations; and

f g) continuously and automatically updating the various
databases via the network in response to a change on the

configuration of the network.

Preferably, the change in the configuration of the network includes the
addition, subtraction or relocation of at least one local station and/or at least
one subscriber station.

Conveniently, the method includes the step of automatically allocating a

telephone number to a subscriber station via a local station on joining the

—_
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14 mai nt enance operator can update or change the databases using this
term:nal, as well as performng fault-finding routines, accessing system
stati.stics, querying subscriber accounts and the Iike. A nodeminterface 78
is provided in the link 69A to the paynent office 69, and allows the

m cr dprocessor to communicate with a corresponding termnal in the paynent
office 69. An operator can thus record paynents nmade by the subscribers and
answer subscriber's queries. The data transfer between the termnal at the
payment office 69 and the m croprocessor 70°is encrypted using known

techniques for $ReMEIK YnBs R eSmmunications link has been established.

Advantageously, thé method includes tﬁe initial steps of providing each
telephone with a unique identity number, transmitting the unique identity
number to the associated local station, and linking, at the local database, the
unique identity number with the telephone number prior to allocation thereof.

Typically, the method includes the step of entering, at a payment station, the
unique identity number of a telephone, and personal identity information of
the associated subscriber, receiving 'payment from the subscriber, entering
associated credit information, linking, by means of the unique identification
nuinber, the telephone number allocated at the local station with the data
entered at the payment station, and enabling the relevant subscriber station
in the event of a credit balance existing in respect thereof.

The method may further include the step of allocating a station identification
code to each local station, and using this identification code as a component

of the telephone numbers which are allocated to each subscriber station in the
associated cluster. |

The method may include the still further step of using the net_wbrk map to
determine the route of a call from one subscriber station to another via a
plurality of selected local stations, and re-routing the call via alternative local
stations in the event of one or more of the selected local stations being
temporarily disabled, due to overloading or the like.

Optionally, the method may include the step of interfacing the
telecommunications network with a conventional telephone network via the
system controller and/or the local stations.
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A cross-bar switch 80 is provided to allow the mcroprocessor 70 to send
and to receive command data, (data fromthe command byte of the TDM frane)
respectively to and fromthe m crowave |inks 66 via mcrowave |ink

interfaces 82. The microprocessor 70 is thus able to transmt messages and
data via the mcrowave |inks 66 to any |ocal station 54A or 54B in the
exchange area. Calls can also be routed between the different m crowave

links, as well as between the microwave lipks and the conventional network
interface 68. The systemcontroller 64 thus doubles as an exchange. The

cross-bar swit ‘] L,nd | o will
be described i %ﬁ?‘%‘h@rﬁgg“al d e@%%ﬁ@%ﬁ@%%@?% E%W%tha&q’f
establishing a telecommunications link between first and second subscriber

stations including the steps of:

a)  receiving, at a local station, a characteristic signal
originating from the first subscriber station and having a
unique identification code.associated with the second
subscriber station;

. b) transmitting a synchronising signal from the local station

- simultaneously to the subscriber stations in the vicinity
thereof for synchronising a command data frame at the
local station with a reply data frame at the subscriber
stations;

c) transmitting the characteristic signal via an optical link
from the local station to a plurality of subscriber stations
in the vicinity of the local station, at least one of which
is the second subscriber station;

d) positively identifying the characteristic signal at the
second remote -subscriber station and retransmitting to
the central station a signal representative of the second
subscriber -station; and

e) allocating at the local station a communications channel
for establishing a voice-based telecommunications link
between the first and second subscriber stations. |

The invention extends to a telecommunications network comprising:

a) a network of local stations, each station having an
associated local station identification code, and a local
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The conventional network interface 68 converts voice data fromthe sixteen
voi.ce channels into a standard tel ephone format of sixteen tel ephone |ines,
and vice versa. Dialling information is also transferred to and fromthe
command byte of the TDM frame by the conventional telephone network '

i nferface 68. The system controller 64 is responsible for the overall

managenent of the pole exchanges that fall within the exchange area. The
managenent tasks 5

database; : _

b) - a plurality of telecommunications links joining the local
stations; |

¢)  a plurality of subscriber stations arranged in clusters
around each local station, eacﬁ subscriber station having
a unique identification code;

d) a plurality of wireless subscriber telecommunications
links joirﬁng'the subscriber stations to their associated
local station; |

e) a system controller for managing the bperation of the

network, the system _controiler including a system
controller database incorporating a network map,
subscriber and local station data; and |

f) updating means for continuously and automatically
updating the various databases via the network in

_response to a change in the configuration of the network.

Preferably, the updating means includes allocating means for automatically
allocating a telephone number to a subscriber station on joining the network,

once the subscriber telecommunications link has been established.

Advantageously, the telecommunications network includes rouﬁng means for
~ routing a call from one subscriber station to another via a plurality of selected
local stations on the basis of the network map, and re-routing means for re-

routing a call via alternative local stations in the event of one of the selected
local stations being temporarily disabled.

The allocating means may include a database controller at the local station

for receiving the unique code from each subscriber station, for generating the
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15 include the foll ow ng:

6

telephone number by combining an allocated number from the database with
the local station identification code, and a voice synthesizer for transmitting
the allocated telephone number to the subscriber station.

"The telecommunications network advantageously includes a prepayment
station for establishing a credit facility for each subscriber, the prepayment
station being linked to the system controller database and including data entry

means for entering personal details of each subscriber, and the unique
identification. number associated with the telephone. )

- The subscriber telecommunications links are preferably optical infra red links,

and the subscriber stations are preferably clustered in line-of-sight around the
local stations.

The invention extends to a local station forming part of a telecommunications
network, the local station including an elevated exchange arranged in line-of-

sight with a surrounding cluster of subscriber stations, the exchange
comprising:

~a) _subscriber data tramsceiver means for providing
subscriber telecommunications links for serially
transmitting and receiving voice and other data to and
from the subscriber stations;

b) local station data transceiver means providing local
station links for serially transmitting and receiving voice
and other data to and from the other local stations in
the network;

c) a local database for storing data relating to the network,

“including a netwerk map, subscriber and local station
-
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mai ntai ning a | ogical map of all the subscriber tel ephone
stations, together with the unique identification nunmber of each
telephone and the pol e exchanges to which they are |inked;

mai nt ai ni ng a database of all subscribers, including persbnal

details, tel ephone nunbers, credit information and the unique
I dentification nunbers of . each tel ephone;

7
data;
d) a database controller for controlling the database; and
e) selector means for selecting communication paths
between incoming and outgoing links.

Conveniently, the selector means includes a cross-bar switch and a cross-bar
controller for controlling the switch.

The local station conveniently includes input synchronising means for
separately synchronising incoming data from the telecommunications links,

- and output synchronising means for simultaneously synchronising outgoing
data.

According to a still further aspect of the invention there is provided a
subscriber station for incorporation into a telecommunications network, the
subscriber station including a telephone.comprising;

a) a central micro-controller having a unique identification
number stored therein;

b)  a dialling unit;

c) a laser transmitter and a laser receiver- arranged to be
mounted in line-of-sight with a local station; and

d) clock regeneration, frame and bit synchronisation
circuitry for controlling the timing and synchronisation of
data frames received and transmitted via the respective
laser receiver and transmitter, and being arranged to

select and to receive frame synchronising bit;
The micro-controller béing responsive to the bit synchronisation circuitry and
-
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mai ntaining a directory of all the subscribers in the particular
exchange area covered by the systemcontroller; mai nt ai ni ng
a conplete list of all tel ephone identification nunbers that

have been bl aclisted, such as stol en tel ephones; updati ng of
subscribers' credit information when the subscri ber makes -
paynment, as well as indicating when addi-tional paynent S
required, 8

being arranged to enable a voice channel latch only in the event of a correct

voice channel being received from an input data frame.

BRIEE DESCRI

' Figure 1 | shows a highly schematic view of part of a first
embodiment of a telecommunications network of
the invention;

Figure 2 : . shows a highly schematic block diagram of the
subscriber’s end of the telecommunications
network of Figure 1;

Figure 3 shows a time-based graphical diagram indicating

| how data frames, are transmitted between a
subscriber and a local station;

Figure 4 ' shows a highly schematic layout of a second
preferred embodiment of a telecommunications
network of the invention;

Figure 5 " shows a schematic block diagram of a system
controller forming part of the telecommunications
network of Figure 4;

Figure 6 _ shows a schematic block diagram of a local or
pole exchange forming part of the
telecommunications network of Figure 4;
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downl oadi ng t hrough the m crowave |inks 66 to each pole

exchange the relevant information for each subscriber tel ephone

station 58 which is linked to a particular pole exchange via one

of the | ocal stations 54A or 54B; downl oadi ng to each pole
exthange a routing map of all the ‘pol e exchanges;

managenent of the various el ectronic services that can be

9

Figure 7 shows a more detailed block diagram of a cross-
bar switch and associated circuitry forming part of
the pole exchange; and '

Figure 8 shows a schematic block diagram of a télephone

at the subscriber’s end of the telecommunications
network.

D OF DI

The telecommunications network illustrated schematically in Figure 1 includes
a central, or local station 10 and a plurality of subscriber stations 12. The
central station 10 is mounted on a high mast 14 which is located in the centre
~of a group of dwellings 16 making up a village. Mounted atop the mast 14 is
a comenﬁoﬁal microwave link 18 incorporating a microwave antenna coupled
to a microwave transmitter and receiver. Just beneath the microwave antenna
is an optical transmitter 20 which has a conical footprint, as is indicated in
broken outline at 22, which illuminates those dwellings 16 in the village which
are served by the telecommunications network. Located just beneath the
optical transmitter 20 is a receiver 24 for receiving signals 25 from the various
subscriber stations 12 located in the dwellings 16. A pole-top. telephone
exchange 26 for the village is mounted between the transmitter 20 and the

receiver 24. An overhead light 27 is mounted just beneath the microwave link
18.

Turning now to Figure 2, each subscriber station 12 is powered by a roof-
mounted solar cell 28 and includes a receiver in the form of a receiving laser
diode 30 and a transmitter in the form of a transmitting laser diode 32. Both

the receiver 30 and the transmittei- 32 are coupled to a central signal
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16

10
processing unit 34. Also connected to the signals proéessing unit 34 is a
telephone handset 36 which incorporé,tes a keypad 38. As is shown in Figure
1, both the receiver 30 and the transmitter 32 are mounted on the roof of the
dwelling 16, in line-of-sight with the respective central transmitter 20 and

receiver 24. Storage batteries may be provided for powering the subscriber
station at night.

Each signal processing unit 34 has a unique identification number assoclated'
therewith by .means of which signals carrying such an 1dent1ficatlon number
and directed to it via the central transmitter 20 can be recognised. The mode
of modulation of the signals between the respective -central transmitter and
receiver 20 and 24 and the reépective subscriber receiver and transmitter 30
and 32 is such that it provides for sixteen simultaneous conversations to take
place between subscribers in the village and/or other subscribers in the
national network to which the microwave link 18 is coupled. As many as
between four hundred and five huﬁdred subscribers pér pole top exchange 26
could be provided with subscriber stations 12, although only sixteen of these

. stations them could be linked via the exchange 26 to the national network at

any one moment.

~ The central transmitter 20 includes a laser diode which typically radiates data

from the mast 14 at a rate of 1.112 Mbits s".. As is shown in Figure 3, in
order to receive a call from a signal from a main station 39 ou_tside the village,
the central transmitter 20, on receipt of a signal via the microwave link 18,
radiates a synchronising pulse 40 followed by the number of the unit being
sought a command byte 44. The synchronising pulse 40 sets up a reply frame
45 at the right moment in all of the unoccupied subscriber stations, all of

which are continuously monitoring the transmission from the central
transmitter 20.
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pr_ovi ded; self-reporting of faults, whi ch'may, for exanple,
~arjse in one of the local stations 54A or 54B or in the system

control ler itself; and transferring of new
operating systemsoftware programs to the | ocal stations 54A
and 54B via the m crowave |ink.

11

On recogniﬁon of the identity number, the signals processor 34 associated with
that particular identity number provides a ringing tone in the relevant
dwelling, and transmits its own particular idenﬁty number back to the central
receiver 24 in a subsequent synchronised reply frame 46. The command
frame 44 then responds by aﬂowting to the subscriber station 12 one of
sixteen time slots defining sixteen voice channels 48. When the subscriber
answers the telephone, the conversation is transmitted in a time division
multiplexing (TDM) method using the particular voice channel, such as voice
channel 4, which has been allocated by the pole exchange 26 via the central
transmitter 20. In this manner, the pole exchange is able to assign up to
sixteen different conversations at one moment.

When the subscriber wishes to originate a telephone conversation by picking
up the telephone handset 36, the signals processing unit 34 contacts the
central receiver 24 on the mast 14 by transmitting its unique associated
identity number in the command byte 47 of one of the reply frames via the
subscriber transmitter 32. Should spare capacity be available, the central, or
command transmitter replies in a command transmission mode indicating the
particular time slot number to be utilised. Dialling information is then
transmitted from the subscriber station 12 to the central station 10, from

where it may be transmitted via the microwave link 18. |

Referring now to Figure 4, a current preferred embodiment of a
telecommunications network is illustrated. Only  part of the
telecommunications network, which covers two neighbouring villages 50 and
52, is shown. Each village hasa number of local stations 54A and 54B, which
are similar to the central station 10 illustrated in Figure 1. The local stations
54A and S4B have a footprint 56 of approximately 130000m?, which typically
includes about 400 subscribers. Each subscriber has a telephone or subscriber

_—

This Sheet Has Been R

IR i T e rolcamnt s

Date: & S AUG 19%



Exanpl es of these electric services may be available credit, an electronic
t el ephone directory, tel ephone nunbers which have been allocated, the
statuses of such nunbers, local news and events and advertising. These
services are managed by downl oading the required information to the various
| ocal stations. The systemcontroller is able to update these servi.ces and
to add new servi ces. Pol e Exchange |

12

station 58 which is linked to the local station 54A or 54B via an optical link
60. The local stations 54A and 54B include pole-mounted exchanges, which
will be described in more detail further on in the specification. The pole-

mounted exchanges are linked to one another by means of microwave links
62.

The entire network is controlled and managed by means of a system controller
64, which is preferably located outside of the villages 50 and 52 in a position
that allows it.to be easily accessed by service personnel, but still in a central
position which allows it to be linked with at least two of the local stations 54A
and 54B in each cluster via microwave links 66, or alt_ernatlvely via cabling,

" Both the system controller 64 and the local stations 54A or 54B may have
interfaces 68 which allow them to be connected to a conventional existing
telephone network. Each system controller 64 and its associated cluster of
local stations 54A and 54B forms a local exchange area. |

A subscriber has to be in credit before he can receive or make calls.
Accordingly, a payment office 69 is located nearby the villages, and is linked
to the system controller 64 via a microwave or cable link 69A. Credlt
information‘is transferred between the local stations 54A and 54B, the system
controller 64 and the payment office, where the subscribers make advance
payments. '

Each subscriber telephone 58 has a characteristic identification code that
uniqhely identifies it from all other telephones- manufactured.  This
identification code serves as a primary reference in the various databases
against which all other subscriber information is .entered. All payments are
thus made against this unique identification number. In addition, each

telephone is automatically assigned a different telephone number, in a manner
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The pole nount ed exchange 83 illustrated in block diagramformin Figure 6
i s. responsi bl e for establishing mcrowave |inks between |ocal stations 54,
~as well as serving the tel ephone subscriber stations 58 via the optical

| i nks 60. Each pol e exchange has a unique three digit nunber associ ated
wth it for facilitating the automatic routing of tel ephone calls. The pole
exchange has five bidirectional communications channels, including the

i nput and output infra red optical |aser18i nks 60 and 60A for conmuni cati ng
wi th the individual subscriber tel ephone stations 58, as well as four

separ at e i nputhatrwillobe describedrinunore détail fufthér endn dB&spédfivation. 62D, 62E and
62F, and 62G and 62H. The unique three digit nunber facilitates the
automatic routing of tel ephone calls, and allows the mcrowave |links to be

used to transigchdpdidhép eReHatge Has up to four microwave links, thereby allowing a
| * call from one local station to another to be re-routed via a number of
different paths in the event of one pole exchange being fully occupied.
Communication between pole exchanges, as well as between individual
telephone stations and via pole exchanges is effected using time division
multiplexing (TDM). The format of the TDM frame includes three
synchronising bits, a command byte and sixteen digitised voice bytes which
provide sixteen voice channels, as was described earlier 6n in the specification
with reference to Figure 3. The command byte of the frame is used for
. command messages and for the transmission of data between the pole
exchange and the telephone stations. The frames are transmitted serially and
are repeated approximately 8000 times per second. The pole exchange
transmits to all the telephone stations simultaneously, and each telephone
station can transmit to its associated pole exchange either in the command
byte slot or in one of the voice channels.

The various components of the telecommunications system will now be
described in further detail.

m Controller
The system controller 64 illustrated in Figure 5 has a microprocessor 70 at its |
heart. The microprocessor 70 has a memory component 72 having operating
software stored therein for performiﬂg various management tasks. A separate
mass storage device 74 is provided for storing the various databases and other
data that the system controller is responsible for managing. A terminal 76 -

allows maintenance personnel access to the various databases. The
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17 either fromone of the subscriber stations 58 or via the mcrowave |inks
to. .

14

maintenance operator can update or éhange the databases using this terminal,
as well as performing fault-finding routines, accessing system statistics,
querying subscriber accounts and the like. A modem interface 78 is provided
in the link 69A to the payment office 69, and allows the microprocessor to
communicate with a corresponding terminal in the payment office 69. An
operator can thus record payments made by the subscribers and answer
subscriber’s queries. The data transfer between the terminal at the paymént

office 69 and the microprocessor 70 is encrypted using known techniques for
security putpgses. | T

A cross-bar switch 80 is provided to allow the microprocessor 70 to send and
to receive command data, (data from the command byte of the TDM frame)
respectively to and from the microwave links 66 via microwave link interfaces
82. The microprocessor 70 is thus able to transmit messages and data via the
micrewave links 66 to any local station 54A or 54B in the exchange area.
Calls can also be routed between the different microwave links, as well as
between the microwave links and the conventional network interface 68. The
system controller 64 thus doubles as an exchange. The cross-bar switch 80 is

similar to that used in the pole exchange, and will be described in further
detail later on in the specification.

The conventional network interface 68 converts voice data from the sixteen
voice channels into a standard telephone format of sixteen telephone lines,
and vice versa. Dialling information is also transferred to and from the

command byte of the TDM frame by the conventional telephone network
interface 68.

The system controller 64 is responsible for the overall management of the
pole exchanges that fall within the exchange area. The management>tasks
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adj acent | ocal stations 54A and 54B. In view of the variation in the
di stance between the different |ocal stations 54A and 54B, all signals do
not arrive at the pol e exchange 83 at the sane tine. Consequently, the
signals received fromother pole exchanges have to go through tine

synchroni sation circuitry, which includes clocked synchronisation detectors
84. Signals received fromthe subscriber stations 58 via the optical |ink

60 are in synchronisation with the transqstted signals as they use the sane
synchroni sing bytes to control their timng. Consequently, no tine

synchroni sat i diiclade ¢hé followiagds to be enpl oyed. The optical signals pass
t hrough i nput sanpling circurtry 87 for converting the digital signals from

- maintaining a logical map of all the subscriber telephone
stations, together with the unique identification number of each
telephone and the pole exchanges to which they are linked;

- maintaining a database of all subscribers, including personal
details, telephone numbers, credit information and the unique
identification numbers of each telephone; '

- maintaining a directory of all the subscribers in the particular
exchange area covered by the system controller;

- maintaining a complete list of all telephone identification
numbers that have been blacklisted, such as stolen telephones;

- updating of subscribers’ credit information when the subscriber

‘makes payment, as well as indicating when additional payment
is required;

- 'ddwnloading through the microwave links 66 to each pole

' exchange the relevant information for each subscriber telephone
station 58 which is linked to a particular pole exchange via one
of the local stations S4A or 54B;

- downloading to each pole exchange a routing map of all the
pole exchanges;

- management of the various electronic services that can be

T
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areturn-to-zero to a TTL format. The pol e exchange 54 is divided into
two m croprocessing sections, nanely a database controller 88 and a
cross-bar controller, or command processor 90. The database controller 88
contains a database of all the subscribers beneath the pole exchange 54,.

I n¢cluding their nanes, identity nunbers, tel ephone nunbers, bl ackli st
information (if a phone is stolen), |anguage preference and status (speci al

privileges for higher rate), together w '%_ﬂ? ot her information which has been
upl oaded fromthe system control | er 64. s information is stored i'n RAM

in a separate database 94, dat abase al so updates the credit bal ances
of the various subscribe s as éal | s are made. These are |ater

- - self-reporting of faults, which may, for example, arise in one of
the local stations S4A or 54B or in the system controller itself;
and '

- transferring of new operating system software programs to the
local stations S4A and S4B via the microwave link.

-

Examples of “these electric services rhay- be available credit, an electronic
telephone directory, telephone numbers which have been allocated, the
statuses of such numbers, local nev_vs'and events and advertising. These
services are managed by downloading the required information to the various

local stations. The system controller is able to update these services and to
add new services.

Pole Exchange

The poie-mo_unted exchange 83 illustrated in block diagram form in Figure 6
is responsible for establishing microwave links between local stations 54, as
_ well as serving the telephone subscriber stations 58 via the optical links 60.
Each pole exchange has a unique three digit number associated with it for
facilitating. the automatic routing of telephone calls. The pole exchange has
five bi-directional communications channels, including the input and output
infra red optical laser links 60 and 60A for communicating with the individual
subscriber telephone stations 58, as well as four separate input and output
microwave links 62A and 62B, 62C and 62D, 62E and 62F, and 62G and 62H.
The unique three digit number facilitates the automatic routing of télephdne
calls, and allows the microwave links to be used to transfer a call coming in
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rel ayed to the systemcontroller 64. A voi ce synthesizer 92A is
controll ed by the database controller 88, and is used to broadcast nessages
and instructions to the individual subscribers, such as information on
their available credit. The database controller 88 also controls a nunber
of stinmers 92B, which in turn performall the timng

17

either from one of the subscriber stations 58 or via the microwave links to
adjacent local stations S4A and 54B.

In view of the variation in the distance between the different local stations
S4A and 54B, all signals do not arrive at the pole exchange 83 at the same
time. Consequently, the signals received from other pole.exchanges have to
go through time synchronisation circuitry, which includes clocked
synchronisation deteciors 84. Signals received from the subscriber stations 58
via the optical link 60 are in synchronisation with the transmitted signals as
they use the same synchronising bytes to control their ﬁming. Consequently,
~ no time synchronisation circuitry needs to be employed. The optical signals .
pass through input sampling circuitry 87 for converting the digital signals from
a return-to-zero to a TTL format. '

The pole exchange 54 is divided into two microprocessing sections, namely a .
database controller 88 and a cross-bar controller, or command processor 90.
The database controller 88 contains a database of all the subscribers beneath
the pole exchange 54, including .their names, identity numbers, telephohe
numbers, blacklist information (if a phone is stolen), langnage preference and
status (special. privileges for higher rate), together with other information
which has been uploaded from the system controller 64. This information is
stored in RAM in a separate database 92. This database also‘updates the
credit balances of the various subscribers as calls are made. These are later
relayed to the system controller 64.

A voice synthesizer 92A is controlled by the datgbase controller 88, and is
used to broadcast messages and instructions to the individual subscribers, such
as information on their available credit. The database controller 88 also

controls a number of timers 92B, which in turn perform all the timing
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18 functions of the exchange. A RAM dat abase 92D contains a map of the

| ocations of all the pole exchanges served by the systemcontroller 64 via
the microwave |ink interfaces

18
functions of the exchange.

A.RAM database 92D contains a map of the locations of all the pole
exchanges served by the system controller 64 via the microwave link interfaces
82. The map includes routing instructions incorporated in a separate routing
database 93 accessed. by the cross-bar controller 90, and allows messages to
‘be conveyed to a distant pole 'excha;nge from the pole exchange in question.
These instructions provide for alternative routing scenarios, so that in the
event of one of the microwave links 62 being fully occuf)ied, an alternative
route can be selected. Some of the commands received in the command bytes
are referred to. the database controller 88, which interprets the desired
instruction and issues commands via a bi-directional FIFO buffer 94 either to
the cross-bar controller 90 or to one of five output command latches 95. The
rest of the commands are handled directly by the cross-bar controiler 90. The
relevant data is routed through a cross-bar switch 96 under the control of the
cross-bar controller 90 onto the relevant user, via a data latch 97 and a
parallel—to—séries shift register 97A. A synchronisation generator 97C
synchronizes the output data, and an output coding circuit 97D is located on
the output optical link 60A, which will presently be described in more detail.
As the database controller 88 has no direct contact with the subscriber
stations, and as the command processor 90 requires data under the control of

the database co_htroller 88, there is substantial interaction between these two
miCroprocessors.

Referring now to Figure 7, and as was described in an earlier embodiment
~ with reference to Figure 3, each data frame 98 comprises three
synchronisation bits 100, a command byte 102 and sixteen bytes 104 which are
allocated to voice channels. The data frame 98 is transmitted sequentially at
a data transfer rate of 1.112 Mbits 5™, .The cross-bar controller 90 is able to
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82. The map includes routing instructions incorporated in a separate
routi ng database 93 accessed by the cross-bar controller 90, and all ows
nmessages to be conveyed to a distant pole exchange fromthe pole exchange

i n question. These instructions provide for alternative routing scenari os,
sothat in the event of one of the mcrowave |inks 62 being fully occupied,
an alternative route can be selected. Sone of the commands received in the
command bytes are referred to. the databagg controller 88, which interprets
the desired instruction and issues connangg via a bidirectional FIFO buffer

94 either to thg; : i . . nd
Vat che 05, havitel eAds P o BREER defl bytds Hank@IRAF tiBin nibteres fitioRP S8R

y t
control | er 90. afithdhe otheraiata dinks through anydbther datahbyte starage isectionon ¢he 96
under e cont fitks §f ki ASorG o3P Sl o6 80% rBhdnkhaid? BBl e S6hE KaBNceltRE
' stations or to one of the other pole exchanges. The cross-bar controller 90
has a standard operating function which performs all the time critical issues
of the routing procedure, and is also capable of uploading information into the

database controller 88 for re-programming and modifying the database 92 via’
“ the system controller 64. '

The incoming data frame 98 passes through the serial-to-parallel shift register
86 to a time synchronising circuit which includes a buffer 106 having a
command FIFO portion 106A and a data latch 106B. The data is clocked into
the buffer 106 by means of a master timing clock 108 which also governs the
timing of the cross-bar controller 90. The first full byte 102 of the data packet
is extracted as the command word, which is then passed on to the data base
controller 88 or the cross-bar controller 90 for interpretation. The remaining
sixteen bytes 104 are then resorted via the cross-bar switch 96 for re-
transmission via output data frames 110A and 110B one frame later. The
controllers 88 or 90 attach any command that they \"ﬂish to be sent with each
outgoing data frame. The database controller 88 may also issue modifying

instructions to the cross-bar controller 90 providing for re-routing.

The cross-bar switch 96 comprises two dual port sets of static RAM, namely
an address set 114 and a data set 116. The address set 114 contains address
instructions on where to store each incoming byte of data so that it will be in
the correct location for retrieval and re-transmission. Each dual port set of
RAM 114 and 116 includes sixteen bytes for each communications link. In the
present example, one optical link and four microwave links are provided,
thereby resulting in eighty memory address locations per set. The data bus

i

This Sheet Has Been Reﬁlaced This is the replacement g1e..+

RO

|‘ . Date:2 3 AUG 1935



parallel-to-series shift register 97A. A synchroni sation generator 97C
synchroni zes the output data, and an output coding circuit 97D is | ocated
on the output optical link 60A, which will presently be described in nore
detail. As the database controller 88 has no direct contact with the
subscri ber stations, and as the conmand processor 90 requires data under
the control of the database controller 88, there is substantial "interaction
bet ween these two microprocessors. Referring now to Figure 7, and as was
described in an earlier enbodi nent w th2peference to Figure 3, each data .
frame 98 conprises three synchronisation bits 100, a command byte 102 and
si xt een byt eoutput ofithe laddress set 114 of the dual port RAM becomes the address bus

input of the data set 116, as is shown at 118. The cross-bar controller 90
writes into the address dual port RAM 114 the location of the byte at which
the current data is to be stored.

By way of example, and with reference to Figure 4, a conversation exists
between two subscribers or remote subscriber stations 119A and 119B which
are linked to one another via microwave links 62A joining the local stations
S54A. Subscriber station 119A has been allocated, by ﬁe cross-bar controller
90 at the central local station 54A, channel 2 of link L2 of the incoming data
frame 98, as is shown by voice data "AA". Subscriber station 119B has
similarly been allocated channel 0 of link L5 of an incoming data frame 119,
as is shown by voice data "BB". Channel 0 link LS represents the fifth physical
address of the dual port RAM 114, A bit counter 120, which is driven by the
clock 108, on reading the number five, will simultaneously access the fifth
physical address of the dual port RAM 114, in which a twelve is stored, and
the fifth buffer 106C, in which the "BB" has been stored. Data "BB" is then
transferred to address location twelve of the data set 116, as is indicated by
the addreés number five of the address set 114.

Once the counter 120 has progressed to the twelfth address location, the data
"BB" previously stored in the RAM data set 116 is then transferred to the
output data latch 97E, and the data " - ", which has similarly been stored in
the fifth location of the data set 116, is transferred to the output data latch
97F. The output circuitry is also provided with clock-driven three. bit
synchronisation components 124 both of which are derived synchronously from
the common synchronisation generator 97C, as well as the command latch 94.
Multiplexers 128 .moves-between the synchronisation components 124, the
command latches 94 and the data latch 97E and 97F to build up the relevant
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all ocated to voice channels. The data frame 98 is transmitted sequentially

at,a data transfer rate of 1.112 Mits s[err]. The cross-bar controller 90
is able to -

21

data frames 110A and 110B via the parallel-to.senal shift registers 97A for
transmitting on to the next pole exchange.

The Tel n

Referring now to Figure 8, the telephone, or subscriber station 58 comprises
-a roof-mounted laser pair including a laser transmitter 132 and a laser
réceiver 134, A-micréprocessor-based éomroller 136 is at the heart of the

telephone 58. Serial data from the receiver laser 134 is converted into
parallel form by means of a serial-to-parailel converter 138. A clock
regeneration, frame and bit synchronisation circuit 140 provides both bit and
byte clocks for both the receive and the transmit circuits. The serial-to-
~ parallel converter 138 is driven by the bit clock from the bit synchronisation
circuit 140 via a clock line 142. The bit counter of the bit synchronisation
circuit 140 resets every frame, that is, every 136 bits, and checks the following
three bits received to see if they are valid synchronising bits. If they are not,
then the bit counter is adjusted by one count and the comparison is performed
again when the bit counter resets. The bit counter is therefore adjusted uﬁtil
it is synchronised to receive frame synchronising bits. In a worst case
scenario, it will take 135 frames to gain synchronmicity. Once the bit
synchronisation circuit 140 is synchronised to the receive frame, it transmits
a valid synchronisation signal to the micro-controller 136 via a valid

synchronisation line 144, in response to which the controller 136 starts its
internal frame clock. '

Once the bit synchrohisation circuit 140 is synchronised, it also enables a
command w_ord latch 146, thereby to latch the receive command word in each
frame. This command word is then read by the micro-controller 136. The

micro-controller then only enables a voice channel latch 148 via a latch enable
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19 switch each of the sixteen data. bytes transmtted from subscri ber
stations 58 and the other data |inks through any other data byte storage
section on.the links of the cross-bar switch 96 for transm ssion either to.
one of the subscriber stations or to one of the other pole exchanges. The
cross-bar controller 90 has a standard operating function which perforns
all the time critical issues of the routing procedure, and is al so -capable
of uploading information into the databasg controller 88 for re-progranmmi ng
and nodi fying the database 92 via the systemcontroller 64.

line 150 when the correct voice channel is received. Digital signals from the
receiver voice channel latch 148 are converted by means of digital-to-analogue
circuitry 152, and are then transmitted to a handset londspeaker 154. The
handset loudspeaker 154 is also activated by a tone generator 156, which is
operated by the micro-controller 136.

If the micro-controller 136 needs to send a command word to the pole
exchange 54, it puts a command byte onto the command bus 158, sets the
input of a two-input multiplexer 160 to the command bus input, and latches
the command-byte into a transmit latch 162 via a latch enable line 164, When
the correct time slot for the command byte occurs in the receive frame, then
the micro-controller 136 enables transmission of the transmit byte into a
parallel-to-serial convertor 166, via a transmit enable line 168. The byte is
then clocked out in serial form to the transmxt laser 132 by means of a clock
s1gnal from a byte clock line 170.

The micro-controller 136 interprets and executes commands from the pole
exchange 54. On request by the pole exchange 54 or during automatic logging
in or poweri_ng up, it transmits a unique identification number 172 which is
stored within the memory of the micro-controller 136. The unique
identification number is unique to a particular telephone, and is entered
during the manufacture of each telephone.

, | This mumber remains unchanged, and is used
for the purposes of record keeping at the system controller 64.

The micro-controller 136 also controls the operation of a keyboard circuit 174,
which is used for dialling, and the tone generator 156, which provides the
necessary ring, engaged and busy tones. An on-hook switch 176 is linked to
the micro-controller, and is activated on release of the handset 178 from its
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The incom ng data frane 98 passes through the serial-to-parallel shift
register 86 to a tine synchronising circuit which includes a buffer
havi ng a conmand FI FO portion 106A and a data |atch 106B. The data is

cl ocked into the buffer 106 by nmeans of a master timng clock 108 which

al so governs the timng of the cross-bar controller 90. The first full

102 of the data packet

106

is extracted as the command word, which is then_

byt e

passed on to the data base controller 889gr the cross-bar controller 90 for

i nterpretation.

The remai ning sixteen bytes 104 are then resorted via the

cross-bar swi twdll-R@uhted beacket.arfFhe sficee-cuhttollert Alsb gerierafes athesréqudrvddand

110B one frame later, The controllers 88 or 90 attach any_ conmmand that they

wi sh to be sefPrypand woeds and gialligs data whichare mput i dba keyeeprdrdroue, s
may al so i ssuqzgndighyl chrb-%txl'iqultei' ngnﬁﬂu&@& By 956 POid &xChddgR! 55 whith

providing for

re-routing.
transmits and receives voice channels to use in the respective receive and

transmit frames. Voice output data travels from a handset microphone 180
to analogue-to-digital circuitry 182, which then drives a voice input line 184
of the multiplexer 160. The micro-controller 136 then sets the input line of

the multiplexer 162 to the voice input line 134, and latches the voice data into

the transmit latch 162 . When the correct time slot for the transmit voice
channel occurs, the micro-controller 136 enables transmission of the parallel-
to-serial convertor 166, and the v_oice byte is then sent in serial form from the
transmit laser 132, When no data is being transmitted, the output to the

transmit laser 132 is maintained in an off state by a signal from the transmit
enable line 168.

On purchasing a telephone at a retail outlet, the subscriber then contacts the

nearest payment office 69. At the payment office, all the subscriber’s personal -

details are entered, and an account is opened bearing the unique identification
number 172 of the telephone, and credited with the amount that the
subscriber pays. Once the relevant information has been entered at the
payment office, it is then transmitted via the microwave or cable link 69A to
the system controller 64, where it is entered into the mass storage device 74.
The subscriber then returns to his village with his newly purchased telephone,

and installs it, which includes the step of mounting the laser transmitter 132

and the laser receiver 134 on his roof in line of sight with the nearest local
station 54.

During the lining up procedure, the new subscriber station transmits a logging
in message at periodic intervals to the local station, until the required optical
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The cross-bar switch 96 conprises two dual port sets of static RAM nanely
an, address set 114 and a data set 116. The address set 114 contai ns address
i nstructions on where to store each incom ng byte of data so that it wll
be in the correct location for retrieval and re-transm ssion. Each dual
port set of RAM 114 and 116 includes sixteen bytes for each conmunications
link. In the present exanple, one optical |ink and four m crowave |inks are

provided, thereby resulting in eighty mepgry address |ocations per set. The
data bus

link has been established. This is acknowledged by the local station
transmitting an acknowledgement signal to the subscriber station, in response
to which the subscriber station transmits its unique identification number. On
receipt of this uniqﬁe number, the database controller 88 at the pole exchange
83 extracts an unallocated three digit number from the RAM database 92, and
combines it with the characteristic three digit local station number into a six
digit telephone number, which is stored in the database 92 with the unique
identification number of the new telephone. This six digit number is then
transmitted down to the telephone via the voice synthesizer 92A.

The allocated telephone number and the unique identification number is
simultaneously transmitted to the system controiler via one or more of the
local stations, and this data is matched with the same identification number
which has been stored in the mass storage device 74, together with all the
other subscriber and credit details which have been entered via the payment
office 64. Provided that the consumer has a positive credit balance, an enable
signal is then Sent back to the new subscriber station, and the subscriber may
then start to make telephone calls. All the necessary credit and subscriber

data is downloaded from the system controller 64 to the database controller
88. :

- The system controller also transmits the updated information to all of the
database controllers 88 at the other local stations 54A and 54B. The pole
exchanges 83 at the local stations are then able to use the updated maps to
determine the routing of a call via a number of different routes, so that in the

event of one route being disabled or overloaded, an alternative route can be
found.

If a subscriber moves his place of residence, he merely takes the telephone -
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20 output of the address set 114 of the dual port RAM becones the addr ess

bus input of the data set 116, as is shown at 118. The cross-bar controller
90

25
with him. Provided he moves within the same local exchange area, he will not
have to contact the payment office. Naturaily, if he is.still within the same
footprint 56, then he need; to take no further action. However, if he moves
into a footprint covered by a different local station, he merely re-installs his
telephone and communicates with the pole exchange, which will in turn notify
the sys;tem controller of the new location of the telephone. The entire
telephone network will then be updated in the manner described previously.

If a subscriber moves to a different exchange area, he will have to notify his
local payment office, which will refund his outstanding credit. On reaching
the new local exéhange area, he then goes through the process of installing his
telephone by initially visiting.the nearest payment office, paying and providing
his details in the manner described.

When a subscriber picks up his handset 178, a command word is transmitted
via the transmit laser 132 to the pole exchange S4A in a manner previously
described in the specification. The number of the caller is also received at the
command processor 90, and this number is passed on to the database
controller 88, which performs a validation test on the number. If a number |
does not pass the test, in that the phone is a stolen unit or has no available
credit, then the call is terminated. On passing the test, the caller’s phone is
then allocated a channel to use and is allowed to proce.éd with the call. The
database controller 88 may then activate the voice synthesizer, and sends the

appropriate credit information down to the telephone 58 in its assigned
channel.

The command processor 90 receives a number to be called, the structure of
which determines whether it is a local call or a call to a remote area. If the

call is local, the command processor 90 will attempt to communicate with the
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wites into the address dual port RAM 114 the | ocation of the byte at which
the current data is to be stored. By way of exanple, and with reference
to Figure 4, a conversation exists between two subscribers or renote
subscri ber stations 119A and 119B which are |inked to one another via

m ¢rowave |inks 62A joining the local stations 54A. Subscriber station 119A
has been all ocated, by the cross-bar controller 90 at the central | ocal
station 54A, channel 2 of link 12 of thet*ncom' ng data frane 98, as is
shown by voice data "AA". Subscriber statton 119B has simlarly been

o ot ol et o AT S BB o sspnd
or report back that it is busy, then the caller is given an engaged signal and
the call is terminated. If a telephone responds that it can accept a call, then
it is also allocated a voice channel and the connection is set up via the cross-
bar switch 96, as was explained earlier on in the specification. The database
controller 88 is then informed that the connection has been set up, and the
database controller 88 then begins to time the call against the credit of the
caller. If the credit drops to below zero, then the database controller 88 will
inform the co:inmand processor 90 to interrupt the call and to terminate the
connection. .'-When one of the parties terminates a call, the command
processor 90 terminates the connection and informs the database controller
88 that the call has ended. The remaining credit balance of the caller is then
updated. |

A call to a remote area is indicated by some form of code preceding the
number to be called. In this case, the command processor 90 will send out
the request on one of its external links 62 or 66, as is determined by the '
routing database 93. The targeted remote area exchange then interrogates the
phone being called, assigns a channel to it, if it is available, and reports back
this information to the call originating pole exchange 54. If the called phone
is available, then the connection is' made via the cross-bar switch on the
relevant pole exchange, and is timed in the manner described. If the called

phone is not available, then an engaged tone is sent to the calling phone and
the call will be terminated.

Inoomixig traffic is analysed to check whether the local exchange area is a
destination of any of the calls. If this is not the case, then the data is merely
routed along the best path 62 or 66, to enable it to reach its destination with
the aid of the routing database 93. If a local area is the destination for a call,
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address of the dual port RAM 114. A bit counter 120, which is driven by the
clock 108, on reading the nunber five, will simultaneously access the fifth
physi cal address of the dual port RAM 114, in which a twelve is stored, and
the fifth buffer 106C, in which the "BB" has been stored. Data "BB" is then
transferred to address | ocation twelve of the data set 116, as is indicated
by the address nunber five of the address set 114. Once the counter 120
has progressed to the twelfth address |o@gtion, the data "BB" previously
stored in the RAM data set 116 is then transferred to the output data |latch

97E, and t he dhé¢ phoié\to betvalled lisinterroghied| i the anamieprdedcribied, ecHanhehis

ocation of 1 heghed 1ot and the conneciion is sét up 1 the cross bar switch 96, Calls
between local and remote areas only require one voice channel, as up to
sixteen calls can be accommodated at any one time if they are all of this type.

Inthe event of a number of subscribers all starting conversations in the same
frame at the same time, there will be a clash of messages, resulting in the poie
exchange not being able to receive an uncorrupted signal, and not knowing
who has been calling it. In order to cater for this situation, each of the
subscriber statiohs attempts to make a call and then waits off for a variablé
number of frames before trying again. By random staggering of the frames,
clashing of messages is minimised. Should all sixteen communication channels |

be occupied, a busy signal is sent back to the user and the user has to wait
until a free channel becomes available.

_ The particular configuration of the telecommunications network, especially as
described in the second preferred embodiment, provides it with certain
advantageous features. The network is essentially self-maintaining, in that it
automatically caters for the adding of new telephones, the replacing of
telephones and the moving of existing telephones to be covered by different
local stations. Furthermore, if a new pole exchange is added, then the system
controller will automatically update its map' of the entire network and
download this information to all of the pole exchanges. Self reporting of
network faults is another advantageous feature.

If the subscriber reports the theft of his phone to the relevant authorities, the
particular unique identification number is blacklisted throughout the network,
which will assure that the stolen phone is totally inoperable.
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97F. The output circuitry is also provided wth clock-driven three bit
synchroni sati on conponents 124 both of which are derived synchronously from
t he conmon synchroni sation generator 97C, as well as the command | atch 94.
Mul ti pl exers 128 noves between the synchroni sation conponents 124, the
cofmand | atches 94 and the data latch 97E and 97F to build up the rel evant

28

A major advantage of the telecommunications network of the i:ivention is that
it avoids the need for an expensive copper-wired network with the network
infrastructure and maintenance problems associated therewith. The optical
links between the subseriber stations and the pole exchanges do not employ
critical components, as would be the case in respect of radio links. As the
telephone is installed by the subscriber; there is no requirement for a large
staff of service personnel. By means of the voice synthesizer located in the
pble exchange 54, the telephone network can be customised to suit the
language requirements of a local population. By employing a credit-based
system incorporating a pay office, payment for all calls is guaranteed.
Maintenance staff are minimised, as the subscriber may personally return his
telephone to the supplier Should a fault arise. The i'e-routing facility allows
faulty or overworked polé exchanges to be bypassed.

The optical link established between each local station and the individual
subscriber stations may be replaced with a microwave link or a radio link,
although these would probably be less cost-effective. The telecommunications
network of the invention is also not confined to a village-based application.
It can be extended to a corporaté environment in which radiating sources can
be located in each room and a person is able to move around the building
carrying a subscriber siaﬁon which has a particular telephone number and an
ID number associated therewith. The various telephone messages are
radiated in a multiplex fashion from every room into the volume of that room.
The telecommunications system can therefore support up to sixteen corporate
conversations through the PABX irrespective of the locations of the various
users. It is envisaged that this will be a less expensive system than an existing
radio telephone system, which relies on.the use of relatively expensive tuned

circuits and technology which raises the costs of the individual subscriber
stations.
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21 data frames 110A and 110B via the parallel-to-serial shift
97A_f_Qr__t_r_a.nsm_LL|_ng_Qn to the next pole exchange.

* [ L M S o

regi sters
The Tel ephone

29

CLAIMS

1. - A method of establishing a telecommunications network
comprising the steps of: .

a)  providing a network of local stations joined to one
another by telecommunications links;

b) arranging, in a cluster around each local station, a
plurality of subscriber stations, each subscriber station
having a unique code ; )

c) establishing subscriber telecommumcanonshnksbetween
the subscriber stations and their associated local station;

d) managing the operation of the network using a system
controller; | ' '

e) .establishing, at the system controller, a system controller
database incorporating a network map, subscriber and
local station data;

f) establishing associated local databases at each of the
local stations; and

g) continuously and automatically updating the various
databases via the network in response to a change on the
‘configuration of the network.

2. A method according to claim 1 in which the change in the
configuration of the network includes the addition, subtraction or relocation
of at least one local station and/or at least one subscriber station.

3. ~ Amethod according to either one of the preceding claims which
This Sheet Has Been Re . o '
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Referring now to Figure 8, the tel ephone, or subscriber station 58
conprises a roof-mounted |aser pair including a laser transmtter 132 and a
| aser ) Nm nm croprocessor-based controller 136 is at the heart

of the“mmmnm | rial data fromthe receiver laser 134 is converted
into paral telt f &y mSby*nmeans of a serial-to-parallel converter 138. A clock
regeneration, frame and bit synchronisation circuit 140 provides both bit
and byte clocks for both the receive andgghe transmt circuits. The

serial -to- parallel converter 138 is driven by the bit clock fromthe bit
synchroni sat i githédesCthd stefl ofi autanfitietlly |dlloeatidg’ .a telephohe cummber tofat he

bit synchronisation circuit 140 resets every franpe, that is, every 136
bits, and cheswescriber fstatiomiviay 2 local station on joining the network, once the

communications link has been established.

4, A method according to claim 3 which includes the initial steps
of providing each telephone with a unique identity number, transmitting the
unique identity number to the associated local station, and linking, at the local

database, the unique identity number with the telephone number prior to
allocation thq;eof. - )

5. A method according to claim 4 which includes the step of
entering, at a payment station, the unique identity number of a telephone, and -
personal identity information of the associated subscriber, receiving payment
from the Subscriber, entering associated credit information, linking, by means
of the unique identification number, the telephone number allocated at the
local station with the data entered at the payment station, and enabling the

relevant subscriber station in the event of a credit balance existing in respect
thereof.

6. - A method according to any one of claims 3 to 5 which includes
the step of allocating a station identification code to each local station, and
using this identification code as a component of the telephone numbers which

are allocated to each subscriber station in the associated cluster.

7. - A method according to any one of the preceding claims which
includes the step of using the network map to determine the route of a call
from one subscriber station to another via a plurality of selected local stations,
and re-routing the call via alternative local stations in the event of one or

more of the selected local stations .being temporarily disabled, due to

\
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three bits received to see if they are valid synchronising bits. If they
are not, then the bit counter is adjusted by one count and the conparison
is perf m ' m the bit counter resets. The bit counter is

t her ef Jm’m m'mﬂm m it is synchronised to receive franme synchroni sing
bits. I a‘wotst®case *scenario, it will take 135 frames to gain
synchronicity. Once the bit synchronisation circuit 140 is synchronised to
the receive frame, it transnmits a valid %ynchroni sation signal to the

m cro-controller 136 via a valid synchronisation line 144, in response to

whi ch t he Conw&léﬂnlﬁléﬁiﬁéﬁkéﬁ its internal franme cl ock. Once the bit
t

synchroni sation circ 40 1's synchronised, it also enables a

8. A method according to any one of the preceding claims which
includes the step of interfacing the telecommunications network with a

conventional telephone network via the system controller and/or the local
stations.

9. A method accordiﬁg to any one of the preéedipg claims in which
the wireless telecommunications link is an optical infra red link.

10. A method of establishing a telecommunications link between
first and second subscriber stations including the steps of:

a) receiving, at a local station, a characteristic signal
originating from the first subscriber station and having a
unique identification code associated with the second
subscriber station ' |

b)  transmitting a synchronising signal from the local station
simultaneously to the subscriber stations in the vicinity
thereof for synchronising a command data frame at the -
local station with a reply data frame at the subscriber
stations;

c) transmitting the characteristic signal via an optical link
from the local station to a plurality of subscriber stations
in the vicinity of the local station, at least one of which
is the second subscriber station;

~d) positively identifying the characteristic signal at the
second remote subscriber station and retransmitﬁng to
the central station a sigilal representative of the second

\ ° » . .
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command word | atch 146, thereby to latch the receive comand word in each

frame. Thi s command—werd is then read by the mcro-controller 136. The
m cro only enabl es a voice channel latch 148 via a | atch
et LR A i
: * ¢ L M H *
32

subscriber station; and

e)-  allocating at the local station a communications channel
for establishing a voice-based telecommunications link
between the first and second subscriber stations.

11. A telecommunications network comprising:

a)  a network of local stations, each station having an
associated locﬂ station identiﬁcatioﬁ code, and a local

| database; |

b)  a plurality of telecommunications links joining the local
stations;

c) a plurality of subscriber stations arranged in clusters
around each local station, each subscriber station having
a unique identification code;

d) a plurality of wireless subscriber telecommunications.
links joining the subscriber stations to their associated
local statioﬁ;

e) a system controller for managing the operation of the

: network, the system controller including a system
controller database incorporating a network map,
subscriber and local station data; and

f) updating means for continuously and automatically
updating the various databases via the network in
response to.a change in the configuration of the network.

12, A telecommunications network according to claim '1_1 in which
the updating means includes allocating means for automatically allocating a
telephone number to a subscriber station on joining the network, once the

—
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22 line 150 when the correct voice channel is received. Digital signals
fromthe receiver voice channel latch 148 are converted by neans of

digit u m rcuitry 152 and are then transmtted to a handset
Ioudsx llm m Hm‘l“andset Ioudspeaker

154 is also activated by a tone

generat*or°156 ®hich*i s operated by the mcro-controller 136. If the
m cro-controller 136 needs to send a conmand word to the pole '
' 33

subscriber telecommunications link has been established.

13. " A telecommunications network according to either one of the
preceding claims which includes routing means for routing a call from one
subscriber station to another via a plurality of selected local stations on the .
basis of the network map, and re-routing means for re-routing a call via
alternative local stations 'in the event of one of the selected local stations
being temporarily disabled. |

14. A telecommunications network according to claim 11 in which .
the allocating means includes a database controller at the local station for
receiving the unique' code from each subscriber station, for generating the
telephone number by comblmng an allocated number from the database with
the local station identification code, and a vo_1ce synthesizer for transmitting
the allocated telephone number to the subscriber station.

15. A telecommunications network according to any one of claims
11 to 14 which includes a prepayment station for establishing a credit facility
for each subscriber, the prepayment station being linked to the system
controller database and including data entry means for entering personal

details of each subscriber, and the unique identification number associated
with the telephone.

16. A telecommunications network according to any one of claims
11 to 15 in which the subscriber telecommunications links are optical ]inks,

and the subscriber stations are clustered in line-of-sight around the local
stations.

17. A local station forming part of a telecommunications network,

\

—
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exchan nd byte onto the command bus 158, sets the

I nput of - iplexer 160 to the command bus input, and | atches
t he COWHMIHMH‘@ M 'Lransm’t | atch 162 via a latch enable |ine 164.
When th t for the command byte occurs in the receive

frame, then the mcro-controller 136 enables transm ssion of the transmt
byte into a parallel-to-serial convertor 166; via a transmt enable line
168. The byte is then clocked out in serlsgl formto the transmt |aser 132

by neans of a clock signal froma byte cllock Iine 170. The
m cro- cont [ ol | e 1984 siatioRliBEI M 1Y AR BEfiRe &
exchange 54. On request bl eeexchgtﬁﬁgl@g or r{i%[ﬂéﬁlﬁg tIhoggi ng -

a surrounding ¢ uster of subscnber statlons, the exchange comprising:

a) subscriber data transceiver means for providing
subscriber telecommunications links for serially
transmitting and receiving voice and other data to and
from the subscriber stations;

b)  local station data transceiver means providing local

- station links for serially transmitting and receiv'ing voice

and other data to and from the other local stations in

the network;

c¢)  alocal database for storing data relating to the network,

' including a network map, subscriber and local station
data;

d) a database controller for controlling the database; and

e) selector means for selecting communication paths
‘between incoming and outgoing links.

18. A local station according to claim 17 in which the selector
. means includes a cross-bar switch and a cross-bar controller for controlling the

switch.

19, A local station according to either claim 17 or claim 18 which

includes input synchronising means for separately synchronising incoming data
from the telecommunications links, and output synchronising means for
simultaneously synchronising outgoing data.

20. ~ A subscriber station for incorporation into a telecommunications
network, the subscriber station including a telephone comprising:
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in or g It transm'ts a unique identification nunber 172 which is
st.ored Mﬁ t he menor f the mcro-controller 136. The unique

i denti f unique to a particular tel ephone, and is entered
during . ﬁf each tel ephone.
Thi s nunber remai"nssu anged, and is used for the purposes of record

keeping at the system controller 64. The mcro-controller 136 al so
controls the operation of a keyboard circuit 174, which is used for
dialling, and the tone generator 156, whd2h provides t he necessary ring,
engaged and busy tones. An on-hook switch 17 | J nked .to

mcro-control | er, and i & act ALSREA! gucIo e5 5%%ﬂgﬁfé]?fi§°?ﬁ3% its -

~ number stored therein;

b) a dialling unit;

¢)  a laser transmitter and a laser receiver arranged to be
mounted in line-of-sight with a local station; and

d) clock regeneration, frame and bit synchronisation
circuitry for controlling the timing and synchronisation of
data frames received and transmitted via the respective
laser receiver and transmitter, and being arranged to
select and to receive frame synchronising bit.

The micro-controller being responsive to the bit synchronisation circuitry and
being arranged to enable a voice channel latch only in the event of a correct
voice channel being received from an input data frame.
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TELECOMMUNICATTONS NETWORK

ABSTRACT

The invention relates to a method of establishing a telecommunications
network. The method includes the steps of providing a network of local
stations joined to one another by microwave links, and arranging, in a cluster
around each local station, a plurality of subscriber, or telephone stations, each
subscriber station having a unique cade. Optical telecommunications links are
then established between the subscriber stations and their associated local
station. The operation of the network is managed using a system controller,
at which a system controller database incorporating a network map, subscriber
and local station data. Associated local databases are established at each of
the local stations, and the various databases are continuously and
automatically updated via the network in response to a change on the
configuration of the network. The invention extends to 2 telecommunications
network, as well as to the various components of the network. The invention
is of particular use in the informal housing sector.

Figure 1
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23 wal | -mount ed bracket. The micro-controller also generates the required
command words and dialling data which are input 'via the keyboard circuit
174. The mcro-controller is instructed by the pol e exchange 54, which
transmts and receives voice channels to use in the respective receive and
trransmt frames. Voice output data travels froma handset m crophone 180 to
anal ogue-to-digital circuitry 182, which then drives a voice input line 184
of the multiplexer 160. The nicro-conhrgller 136 then sets the input |ine
of the multiplexer 162 to the voice i 6 t line 134, and | atches the voice
data into the transmt latch 162 . When the correct tine slot for the
transmt voice channel occurs, the mcro-controller 136 enables '

transm ssion of the parallel- to-serial convertor 166, and the voice byte
is then sent in serial formfromthe
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transmt |aser 132. Wen no data is being transmtted, the output to the
transmt laser 132 is maintained in an off state by a 'signal fromthe
transmt enable |ine 168. On purchasing a tel ephone at a retail outlet,

t he subscriber then contacts the nearest payment office 69. At the paynent
of fice, all the subscriber's personal details are entered, and an account
i's opened bearing the unique identification nunber 172 of the tel ephone,
and credited with the anount that the subscriber pays. Once the rel evant

i nformati on has been entered at the pay&#8t office, it is then transnmitted
via the mcrowave or cable link 69A to the systemcontroller 64, where it
is entered into the mass storage device 74.
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The subscriber then returns to his village with his newy purchased

tel ephone, and installs it, which’includes the step of nounting the |aser
transmtter 132 and the | aser receiver 134 on his roof in line of sight
with the nearest |ocal station 54. Buring the lining up procedure, the

new subscriber station transmts a |ogging in nessage at periodic intervals
to the local station, until the required optical
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24 link has been established. Thi's is acknow edged by the | ocal station
transmtting an acknow edgenent signal to the subscriber station, in
response to which the subscriber station transmits its uni que

i dentification nunmber. On

4/8

69~
66

R | R \ )~69A
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recei pt of this unique nunber, the database controller 88 at the pole
exchange 83 extracts an unallocated three digit nunber fromthe RAM

dat abase 92, and conbines it with the characteristic three digit |ocal
station nunber into a six digit tel ephone nunber, which is stored in the
dat abase 92 wth the unique identification nunber of the new tel ephone.
This six digit nunber is then transmtted down to the tel ephone via the
voi ce synthesizer 92A The.al |l ocated tel ephone nunber and the unique.

i dentification number is sinultaneously?{8ansnitted to the system
controller via one or nore of the |ocal stations, and this data is matched
“With the sanme identification nunber Wwhich has been stored in the mass
storage devi ce 74, together with all the

72
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other subscriber and credit details which have been entered via the payment

office 64. Provided that the consunmer has a positive credit bal ance,
is then sent back to the new subscri ber
may then start to nake tel ephone calls.

enabl e signa
subscri ber

dat abase controll er
information to al

88.

Al

station,

an

and t he

the necessary credit
and subscriber data is downl oaded fromthe systemcontroller 64 to the

stations 54A and 54B. The pol e exchandge® 83 at the | ocal

able to use the updated maps to determne the routing of a cal

The systemcontroller also transmts the updated

of the database controllers 88 at the other | ocal

stations are then
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event of one route being disabled or overloaded, an alternative route can
be .f ound. I f a subscriber noves his place of residence, he nerely takes
t he tel ephone

>
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25 with him Provided he noves wthin the sane | ocal exchange area, he wl|
not have to contact the paynent office. Naturally, if he is still within
the same footprint 56, then he needs to take no further action. However, if
he noves into a footprint covered by a different |ocal station, he nerely
rie-installs hi's tel ephone and comuni cates with the pol e exchange, which

Wil in turn notify the system controlgly8 of the new |l ocation of the
t el ephone. The entire tel ephone network will then be updated in the nanner
descri bed previously.
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| f# a subscriber noves to a different exchange area, he wll havé”#@*nﬂ?ify
+“his local paynent office, which will refund his outstanding credit. On
“reaching the new | ocal exchange area, he then goes through the process of
installing his telephone by initially visiting the nearest paynent office,
payi ng and providing his details in the manner descri bed. When a

subscri ber picks up his handset 178, a command word is transmtted via the
transmt |laser 132 to the pol e exchange 54A in a manner previously

described in the specification. The nunber of the caller is also received
at the 1

2PPLACEMENT SHEETS 5G
W Description : paged .A.. to paged 2%
o Claim(s) :paged 3\ to paged .a%&
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B Abstract  : paged .35 to paged .=.

Telecommmications Network DATE OF RECEIPT ae(r/1

BACKGROUND TO THE INVENTION

This invention relates to a telecommunications network, as well as to a
method of establishing a telecommunications link between a remote telephone
and a central exchange.

In most third world countries, the large majority of rural communities and .
even poorer urban communities do not enjoy the benefits of even the most
basic telecorﬁmunimtions system. At best, these communities have access to

one or more pay phones which are invariably vandalised.

Convantional hardwired sysiems involve an expensive infrastructure including
copper wiring leading from each subscriber’s telephone to the central
exchange. An extensive network of trenches and telegraph poles are required
“to route the copper wiring. The provision of copper wiring in areas such as
remote villages and squatter camps is impractical, in that it is extremely
expensive to install and it is usually stolen by those members of the
community who do not have a telephone system. Maintenance of a hardwired
telecommunications infrastructure in such areas is arduous; in some cases, an
element of danger may even exist. Cellular radio systems are relatively
expensive to manufacture, in that there are critical components in each radio

that require accurate tuning.
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command processor 90, ‘and this nunber is passed on to.the database .
~gontroller 88, which performs a validation test on the nunber. If a nunber
does not pass the test, in that the phone is a stolen unit or has no
avai l able credit, then the call is termnated. On passing the test, the
caller's phone is then aIIocated a cha@nel to use and is allowed to proceed
with the cg er 88 may then activate the voice
synthesizejJ“h-’ atel gprtate credit informati on down to the

tel ephone 58 in its aSS|gned channel . The conmand processor 90 receives a
nunber to be called, the structure of which determ nes whether it is a

| ocal cal IAocordixrgaItd 4 dirst aspeot ofatheainvefitidohehere is provided a method of

establishing a telecommunications network comprising the steps of:

a) providing a dlstnbuted network of decentralised local
stations joined to one another by telecommunications
links, each local station being arranged to service a
settlement of dwellings;

b) arranging, in a cluster around each local station, a
plurality of static subscriber stations, each subscriber
station having a unique code and being associated with
a dwelling in the settiement;

c) establishing subscriber telecommunications links
between the subscriber stations and their associated
local station;

d) -managing the operation of the network using a system
controller;

e) establishing, at the system controller, a system

controller database incorporating a network map,

subscriber and local station data;

D establishing associated local databases at each of the
local stations;

g allocating a station identification code to each local
station; '

h) automatically allocating a telephone number to a
subscriber station via a local station on joining the
network, once the communication link has been
established, and using the station identification code as
a component of the telephone number which is
allocated to each subscriber station in the associated
cluster; and

i) continuously and automatically updating the various
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call is local, the command processor 90 will attenpt to communicate with
1 he )

3
databases via the network in response to a change in

the configuration of the network.

Preferably, the change in the configuration of the network includes the addition,
subtraction or relocation of at least one local station and/or at least one subscriber

station.

Advantageously, the method includes the initial steps of providing each telephone
with a unique identity number, transmitting the unique identity number to the
associated local station, and linking, at the local database, the unique identity.

number with the telephone number prior to allocation thereof.

Typically, the method includes the step of entering, at a payment station, the unique
identity number of a telephone, and personal identity information of the associated
subscriber, receiving payment from the subscriber, entering associated credit
information, linking by means of the unique identification number, the telephone
number allocated at the local station with the data entered at the payment station,
and enabling the relevant subscriber station in the event of a credit balance existing

in respect thereof.

The method may include the still further step of using the network map to determine
the route of a call from one subscriber station to another via a plurality of selected
local stations, and re-routing the call via alternative local stations in the event of one
or more of the selected local stations being temporarily disabled, due to overloading
or the like.

Optionally, the method may include the step of interfacing the telecommunications
network with a conventional telephone network via the system controller and/or the

local stations.

The invention extends to a telecommunications network comprising:

a) a distributed network of decentralised local stations,
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26 rel evant tel ephone via its command word. Shoul d the tel ephone not

_ respond, report back that it is busy, then the caller is given an
engaged signal and the call is termnated. If a tel ephone responds that it
can accept a call, then it is also allocated a voice channel and the

connection is set up via the cross-

on in the specification. The dat aRas
t he connection has been set up,®&

to time the call against the Crﬁgh&ﬁ

bel ow zero,

t hen t he dat abase contro

bar4dswitch 96, as was expl ained earlier
e contraller 88 is then i nforned t hat

d StaHan g 42 Ba s 80 c BFOF B9 r 08 (tationbegi ns

Ig el 1o dattzhﬁ% redit drops to
wB \?\Jﬁnl |n ormt % conmmrand

processor 90 to interrupt #Whe czalplluxahty bb td:lemmm%mttdm Linicen gaihing NtheVWhen

one of the parties term nates
the connection and infornms the

service

gsal st cadh Togad Bition beang ananged o ©°

a settlement of dwellings;

c) a plurality of static subscriber stations arranged in

clusters

around each local station, each subscriber

station having a unique identification code and being

associated with a dwelling in the settlement;

d) a plurality of wireless subscriber telecommunications

links joining the subscriber stations to their associated
local station;

e) a system coatroller for managing the operation of the

petwork, the system controller including a system

controller database incorporating a network map,

subscriber and local station data; and -

) updating means for continuously and automatically

updating the various databases via the network in

response to a change in the configuration of the

network, the updating means including allocating

means for automatically allocating a telephone number

to a subscriber station on joining the network, the

allocating means including a database controller at the

local station for receiving a unique code from each

subscriber station, for generating a telephone number

by combining an allocated number from the database

with the local station identification code, and for

transmitting the allocated telephone pumber to the

subscriber station.

The telecommunications network may further comprise re-routing means for re-

routing a call via onc or more alternative local stations in the cvent of onc of the
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88 that the call has ended. The remaining credit balance of the caller is

then updated. ~ A call to a renpote area is indicated by sone formof code
precedi ng the nunber to be called. In this case, the command processor 90
wi Il send out the request on one of its external |links 62 or 66, as is

determ ned by the routing database 93. The targeted renote area exchange
then interrogates the phone being calléd, assigns a channel to it, if it is

avai | abl e, gged %ﬁrﬁf%%%k&ﬂomgﬁggpét o the call originating pole

exchange 54. It the ca ne’is a , then the connection is nade
via the cross-bar switch on the rel evant pole exchange, and is tinmed in the
manner described. If the called

The telecommunications network advantageously includes a prepayment station for
establishing a credit facility for each subscriber, the prepayment station being linked
to the system controller database and including data entry means for entering
personal details of each subscriber, and the unique identification number associated
with the telephone.

The subscriber telecommunications links are preferably optical infra-red links, and
the subscriber stations are preferably clustered in line-of-sight around the local
stations.

In a further aspect, the invention provides a telecommunications network comprising
a distributed network of decentralized local stations interconnected by a plurality of
telecommunications links, each local station being arranged to service a settlement
of dwellings, and a plurality of static subscriber stations configured in a cluster
around a local station, each static subscriber station having a unique identification
code and being associated with a dwelling in a settlement, wherein each local station
inbludes:
' a) an elevated optical transmitter arranged to transmit a
comimon optical telecommunications footprint over the

plurality of static subscriber stations;

b) an elevated optical receiver arranged to receive from
each of the subscriber stations directional optical

telecommunications signals;

c) local station transceiver means for serially transmitting
and receiving voice and data signals to and from other
local stations in the mnetwork via the

telecommunications links; '
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phone is not available, then an engaged -tone is sent to the calling phone
~and the call wll be term nated. Incoming traffic is analysed to check

" whether the |ocal exchange area is a destination of any of the calls. If
this is not the case, then the data is nerely routed along the best path 62
or 66, to enable it to reach its destin&ion with the aid of the routing

dat abase 93. If a local ar a8 i's atlggald&%{ujn@gti{la{}dﬁlgrmgt ggiltémng means for

connecting calls between one static subscriber station
and another within a particular local station, second
switching means for connecting calls between a static
subscriber station, a remote local station remote from
the subscriber station, and third switching means for
connecting calls from one neighbouring local station to
another via the local station;

e)  a routing database linked to the local exchange for
assisting in routing calls to distal local stations along

at least one path;

) a subscriber database incorporating details of static
subscriber stations linked directly to a particular local
station and including the unique identification codes of
and telephone numbers assigned to each static
subscriber station;

g) . at least one database controller for controlling the
operation of the subscriber and routing databases; and

h)  updating means for continuously and automatically

| updating the subscriber and the routing databases via

the local or static subscriber stations in response to a

change in the configuration of the network, the

updating means including allocating means for

automatically allocating a telephone number to a static
subscriber station on joining the network.

Conveniently, the selector means includes a cross-bar switch and a cross-bar

controller for controlling the switch. ant chet?
s the roplaceMent sheet
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27 the phone to be called is interrogated in the manner described, a -
_channel is assigned to it and the connection is set up in the cross-bar
switch 96. Calls between |ocal and renote areas only require one voice
channel, as up to sixteen calls can be accomopdated at any one tinme if they
are all of this type. :

7
The local station conveniently includes input synchronising means for separately
synchronising incoming data from the telecommunications links, and output

synchronising means for simultaneously synchrbnising outgoing data.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a highly schematic view of part of a first embodiment

of a telecommunications network of the inv_ention;

Figure 2 shows a highly schematic block diagram of the subscriber’s
end of the telecommunications network of Figure 1;

Figure 3 shows a time-based graphical diagram indicating how data
frames, are transmitted between a subscriber and a local
station;

Figure 4 shows a highly schematic layout of a second preferred

embodiment of a telecommunications network of the

invention;
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In the event of a nunber of subscribers all starting conversations in the
~sane frane at the sane tinme, there will be a clash of nessages, resulting
"in the pole exchange not being able to receive an uncorrupted signal, and
not knowi ng who has been calling it. {n order to cater for this situation,
each of the subscriber stations attenpts to make a call and then waits off
for a varFigilees nunber of shoihd®Ssch@haice bldcki diggreriof- a Bysieandamtrsiiggoer i ng
of the franes, clashing of nessages is mnimsed. Should all sixteen
communi cati on channel s biermmngupareef the t¢jecommunjeations aetyeark of dbguredt;t he user.
and the user has to wait until a free channel becones avail abl e.

Figure 6 : shows a schematic block diagram of a local or pole exchange

forming part of the telecommunications network of Figure 4;
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Thie particul ar configuration of the tel ecommunications network, especially
~as described in the second preferred enbodi nent, provides it with certain
" advant ageous features. The network is essentially self-maintaining, in that
it automatically caters for the adding of new tel ephones, the replacing of
t el ephones and the noving of existing tel ephones.to be covered by different
| ocal stations. Furthernore, if a new pole exchange is added, then the
systemcontroller will automatically update its map of the entire network
and downl oad this information to all of the pole exchanges. Self reporting
of network faults is another advantageoys feature.

Figure 7 shows a more detailed block diagram of a cross-

bar switch and associated circuitry forming part of

the pole exchange; and

Figure 8 shows a schematic block diagram of a telephone
at the subscriber’s end of the telecommunications
network.

DESCRIPTION OF EMBODIMENTS.

The telecommunications network illustrated schematically in Figure 1 includes
a central, or local station 10 and a plurality of subscriber stations 12. The
central station 10 is mounted on a high mast 14 which is located in the centre
of a group of dwellings 16 making up a village. Mounted atop the mast 14 is
a conventional microwave link 18 incorporating a microwave antenna coupled
to a microwave transmiitter and receiver. Just beneath the microwave antenna
is an optical transmitter 20 which has a conical footprint, as is indicated in
broken outline at 22, which illuminates those dwellings 16 in the village which
are served by the telecommunications network. Located just beneath the
optical transmitter 20 is a receiver 24 for receiving signals 25 from the various
subscriber stations 12;lomted in the dwellings 16. A pole-top telephone
exchange 26 for the.village is mounted between the transmitter 20 and the
receiver 24. An overhead light 27 is mounted just beneath the microwave link
18.

Turning now to Figure 2, each subscriber station 12 is powered by a roof-
mounted solar cell 28 and includes a receiver in the form of a receiving laser
diode 30 and a transmitter in the form of a transmitting laser diode 32. Both

the receiver 30 and the transmitter 32 are coupled to a central signal
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| f° the subscriber reports the theft of his phone to the rel evant :
authorities, the particular-unique identification nunber is bl ackl i st ed

" throughout the network, which will assure that the stolen phone is totally
i noperabl e.

10

processing unit 34. Also connected to the signals processing unit 34 is a
telephone handset 36 which incorporates a keypad 38. As is shown in Figure
1, both the receiver 30 and the transmitter 32 are mounted on the roof of the
dwelling 16, in line-of-sight with the respective central transmitter 20 and

receiver 24. Storage batteries may be provided for powering the subscriber
station at night.

Each signal processing unit 34 has a unique identification number associated
therewith by means of which signals carrying such an identification number
and directed to it via the central transmitter 20 can be recognised. The mode
of modulation of the signals between the respective central transmitter and
receiver 20 and 24 and the respective subscriber receiver and transmitter 30
and 32 is such that it provides for sixteen simultaneous conversations to take
place between subscribers in the village and/or other subscribers in the
national network to which the microwave link 18 is coupled. As many as
between four hundred and five hundred subscribers per pole top exchange 26
could be provided with subscriber stations 12, although only sixteen of these
. stations them could be linked via the exchange 26 to the national network at

any one moment.

The central transmitter 20 includes a laser diode which typically radiates data
from the mast 14 at a rate of 1.112 Mbits s™. As is shown in Figure 3, in
order to receive a call from a signal from a main statioﬁ 39 outside the village,
the central transmitter 20, on receipt of a signal via the microwave link 18,
radiates a synchronising pulse 40 followed by the number of the unit being
sought a command byfe 44. The synchronising pulse 40 sets up a reply frame
45 at the right moment in all of the unoccupied subscriber stations, all of
which are continuously monitoring the _transmission from the central
transmitter 20,
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28 A mmjor advantage of the tel ecommunications network of the invention is
that it avoids the need for an expensive copper-wired network with the
network i nfrastruct.ure and mai nt enance probl ens associ ated therewith. The
optical |inks between the subscriber stations and the pol e exchanges do not
enpfoy critical conmponents, as would be the case in respect of radio |inks.
As the telephone is installed by the subscriber, there is no requirenent
for a large staff of service personnel. By neans of the voice synthesizer

| ocated in the pole exchange 54, the tel ephone network can be custom sed to
suit the 11

On recognition of the identity number, the signals processor 34 associated with
that particular identity number provides a ringing tone in the relevant
dwelling, and transmits its own particular identity number back to the central
receiver 24 in a subsequent synchronised reply frame 46. The command
frame 44 then responds by allocating to the subscriber station 12 one of
sixteen time slots deﬁni’ng sixteen voice channels 48. When the subscriber
answers the telephone, the conversation is transmitted in a time division
multiplexing (TDM) method using the particular voice channel, such as voice
channel 4, which has been allocated by the pole exchange 26 via the central
transmitter 20. In this manner, the pole exchange is able to assign up to
sixteen.different conversations at one moment.

When the subscriber wishes to originate a telephone conversation by picking'
up the telephone handset 36, the signals processing unit 34 contacts the
centrat receiver 24 on the mast 14 by transmitting its unique associated
identity number in the command byte 47 of one of the reply frames via the
subscriber transmitter 32. Should spare capacity be available, the central, or
command transmitter replies in a command transmission mode indicating the
particular time slot number to be utilised. Dialling information is then
transmitted from the subscriber station 12 to the central station 10, from
where it may be transmitted via the microwave link 18. |

Referring now to Figure 4, a current preferred embodiment of a
telecommunications network is illustrated. Only part of the
telecommunications network, which covers two neighbouring villages 50 and
52, is shown. Each village has a number of local stations S4A and 54B, which
are similar to the central station 10 illustrated in Figure 1. The local stations
S4A and S4B have a footprint 56 of approximately 130000m?, which typically

includes about 400 subscribers. Each subscriber has a telephone or subscriber
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| ahguage requirements of a local population. By enploying a credit-based
_systemincorporating a pay office, paynent for all calls is guaranteed.

Mai nt enance staff are m nimsed, as the subscriber may personally return
his tel ephone to the supplier should a fault arise. The re-routing facility
allows faulty or overworked pol e exchanges to be bypassed. The opti cal

|l i nk established between each | ocal station and the individual subscriber
stations may be replaced with a mcrowave link or a radio |'i nk, although

t hese woul d probably be | ess cost-effecfjve. The tel ecomunications network
of the invention is also not confined td a village-based application. It

can be ext eqgath 85 08 ROk &be BUIR bR YR SIs4B ULl R SgPfges can
60. The local stations 54A and 54B include pole-mounted exchanges, which
will be described in more detail further on in the specification. The pole-

mounted exchanges are linked to one another by means of microwave links
62. |

The entire network is controlled and managed by means of a system controller
64, which is preferably located outside of the villages 50 and 52 in a position
that allows it to be easily accessed by service personnel, but still in a central _
position which allows it to be linked with at least two of the local stations S4A
and 54B in each cluster via microwave links 66, or alternatively via cabling,
Both the system controller 64 and the local stations 54A or 54B may have
interfaces 68 which allow them to be connected to a conventional existing
telephone network. Each system controller 64 and its associated cluster of
local stations 54A and 54B forms a local exchange area.

A subscriber has to be in credit before he can receive or make calis.
Accordingly, a payment office 69 is located nearby the villages, and is linked
to the system controller 64 via a microwave or cable link 69A. Credit
information is transférred between the local stations 54A and 54B, the system
controller 64 and the payment office, where the subscribers make advance
payments. ' |

Each subscriber telephone 58 has a characteristic ideritification code that
uniquely identifies it from all other telephones manufactured. This
identification code serves as a primary reference in the various databases
against which all other subscriber information is entered. All payments are
thus made against this unique identification number. In addition, each

telephone is automatically assigned a different telephone number, in 2 manner
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be l ocated in each roomand a person’is able to nove around the building
_carrying a subscriber station which has a particul ar tel ephone nunber and
an | D nunber associated therewith. The various tel ephone nessages are
radiated in a nultiplex fashion fromevery roominto the volunme of that
room The tel ecomruni cations system can therefore support up to sixteen
corporate conversations through the PABX irrespective of the | ocations of
the various users. It is envisaged that this will be a | ess expensive
system than an existing radio telephogﬁ system which relies on the use of
rel atively expensive tuned circuits and technol ogy which raises the costs

of the i nd'tgétd»lxjrﬂl bg %ggrrill)e%{n rsn%% 'dgpaslf further on in the specification.

Each pole-top exchange has up to four microwave links, thereby allowing a
call from one local station to another to be re-routed via a number of
different paths in the event of one pole exchange being fully occupied.
Communication between pole exchanges, as well as between individual
telephone stations and via pole exchanges is effected using time division
multiplexing (TDM). The format of the TDM frame includes three
synchronising bits, a command byte and sixteen digitised voice bytes which
provide sixteen voice channels, as was described earlier on in the specification
with reference to Figure 3. The command byte of the frame is used for
command messages and for the transmission of .data between the pole
exchange and the telephone stations. The frames are transmitted serially and
are repeated approximately 8000 times per second. The pole exchange
transmits to all the telephone stations simﬁltaneously, and each telephone
station can transmit to its associated pole exchange either in the command

byte slot or in one of the voice channels.

The various components of the telecommunications system will now be
described in further detail.

System Controller

The system controller 64 illustrated in Figure 5 has a microprocessor 70 at its
heart. The microprocessor 70 has a memory component 72 having operating
software stored therein for performing various management tasks. A separate
niass storage device 74 is provided for storing the various databases and other
data that the system controller is responsible for managing. A terminal 76

allows maintenance personnel access to the various databases. The
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maintenance operator can update or change the databases using this terminal,
as well as performing fault-finding routines, accessing system statistics,
querying subscriber accounts and the like. A modem interface 78 is provided
in the link 69A to the payment office 69, and allows the microprocessor to
communicate with a corresponding terminal in the payment office 69. An
operator can thus record payments made by the subscribers and answer
subscriber’s queries. The data transfer between the terminal at the payment
office 69 and the microprocessor 70 is encrypted using known techniques for

security pufposes.

A cross-bar switch 80 is provided to allow the microprocessor 70 to send and
to receive command data, (data from the command byte of the TDM frame)
respectively to and from the microwave links 66 via microwave link interfaces
82. The microprocessor 70 is thus able to transmit messages and data via the
micrewave links 66 to any local station 54A or 54B in the exchange area.
Calls can also be routed between the different microwave links, as well as
between the microwave links and the conventional network interface 68. The
system controller 64 thus doubles as an exchange. The cross-bar switch 80 is
similar to that used in the pole exchange, and will be described in further
detail later on.in the specification.

The conventional network interface 68 converts voice data from the-sixtee_n
voice channels into a standard telephone format of sixteen telephone lines,
and vice versa. Dialling information is also transferred to and from the
command byte of the TDM frame by the conventional telephone network
interface 68.

The system controller 64 is responsible for the overall management of the

pole exchanges that fall within the cxchange area. The management tasks
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CLAIMS 1. A nmet hod of .establishing a tel ecomunications network

.conprising the steps of: a) providing a distributed

* network of decentralised |ocal stations joined to one
anot her ‘by tel ecomruni cations |inks, - each | ocal
station being arranged to service a settlenment of
dwel I'i ngs; b) arranging, in a cluster around each | ocal.
station, a plurality of static subscribér stations,
each subscriber station having a uni que code and bei ng
associated with a dwelling in the 15

include the following:

- maintaining a logical map of all the subscriber telephone
stations, together with the unique identification number of each

telephone and the pole exchanges to which they are linked;

- maintaining a database of all subscribers, including personal
details, telephone numbers, credit information and the unique
identification numbers of each telephone;

- maintaining a directory of all the subscribers in the particular

exchange area covered by the system controller;

- maintaining a complete list of all telephone identification

numbers that have been blacklisted, such as stolen telephones;

- updating of subscribers’ credit information when the subscriber
makes payment, as well as indicating when additional payment
is required;

- downloading through the microwave links 66 to each pole
exchange the relevant information for each subscriber telephone
station 58 which is linked to a particular pole exchange via one
of the local stations S4A or 54B;

- downloading to each pole exchange a routing map of all the

pole exchanges;

- management of the various electronic services that can be
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seftl enment; c) establ i shing subscriber tel ecomuni.cations

| i nks- bet ween t he subscriber stations and their
“associ ated | ocal station; d) managi ng the operation of the
network using a system ' controller, e)

establishing, at the systemcontroller, a systemcontroller
dat abase i ncorporating a network map, subscriber and | ocal

station data; f) establ i shing associ ated | ocal databases
at each of the |ocal st ati ons; 9)
allocating a station identification code to each |ocal station;

h) automatically all %%Hd@ﬁ; a tel ephone nunber to a subscri ber

- self-reporting of faults, which may, for example, -;L;ise in one of
the local stations 54A or 54B or in the system controller itself;

and

- transferring of new operating system software programs to the
local stations 54A and 54B via the microwave link,

Examples of these electric services may be available credit, an electronic
telephone directory, telephone numbers which have been allocated, the
statuses of such mumbers, local news and events and advertising. These
services are managed by downloading the required information to the various
local stations. The system controller is able to update these services and to
add new services.

Pole Exchange

The pole-mounted exchange 83 illustrated in block diagram form in Figure 6
is responsible for establishing microwave links between local stations 54, as
well as serving the telephone subscriber stations 58 via the optical links 60.
Each pole exchange has a unique three digit number associated with it for
facilitating the automatic routing of telephone calls. The pole exchange has
five bi-directional communications channels, including the input and output
infra red optical laser links 60 and 60A for communicating with the individual
subscriber telephone stations S8, as well as four separate input and output
“microwave links 62A and 62B, 62C and 62D, 62E and 62F, and 62G and 62H.
The unique three digit number facilitates the automatic routing of telephone

calls, and allows the microwave links to be used to transfer a call coming in
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station via a local station on joining the network, once the

communi cation |ink has been established, and using the '

station identification code as a conponent of the tel ephone

nunmber which is allocated to each subscriber station in the

associ ated cluster; and 1) continuously and automatically
updating the various

17

either from one of the subscriber stations 58 or via the microwave links to
adjacent local stations 54A and 54B.

In view of the variation in the distance between the different local stations
54A and 54B, all signals'do not arrive at the pole exchange 83 at the same
time. Consequently, the signals received from other pole exchanges have to
go through time synchronisation circuitry, which includes clocked
synchronisation detectors 84. Signals received from the subscriber stations 58
via the opticai link 60 are in synchronisation with the transmitted signals as
they use the same synchronising bytes to contrel their timing. Consequently,
no time synchronisation circuitry needs to be employed. The optical signals
pass through input sampling circuitry 87 for converting the digital signals from
a return-to-zero to a TTL format. '

The pole exchange 54 is divided into two microprocessing sections, namely a .
database controller 88 and a cross-bar controller, or command processor 90.
The database controller 88 contains a database of all the subscribers beneath
the pole exchange 54, including their names, identity numbers, telephone
numbers, blacklist information (if a phone is stolen), language preference and
status (special privﬂeges for higher rate), together with other information
which has been uploaded from the system controller 64. This information is
stored in RAM in a separate database 92. This database also updates the
credit balances of the various subscribers as calls are made. These are later

relayed to the system controller 64.

A voice synthesizer 92A is controlled by the database controller 88, and is
used to broadcast messages and instructions to the individual subscribers, such
as information on their available credit. The database controller 88 also

controls a number of timers 92B, which in turn perform all the timing
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dat abases via the network in response to a change-in the
_configuration of the network. 2. A met hod of
establishing a tel econmuni cati ons network

18

functions of the exchange.

A RAM database 92D contains a map of the locations of all the pole
exchanges served by the system controller 64 via the microwave link interfaces
82. The map includes routing instructions incorporated in a separate routing
database 93 accessed by the cross-bar controller 90, and allows messages to
be conveyed to a distant pole exchange from the pole exchange in question.

- These instructions provide for alternative routing scenarios, so that in the
event of one of the microwave links 62 being fully occupied, an alternative
route can be selected. Some of the commands received in the command bytes
are referred to. the database controller 88, which interprets the desired
instruction and issues commands via a bi-directional FIFO buffer 94 either to
the cross-bar controller 90 or to one of five output-.command latches 95. The
rest of the commands are handled directly by the cross-bar controller 90. The
relevant data is routed through a cross-bar switch 96 under the control of the
cross-bar controller 90 onto the relevant user, via a data latch 97 and a
parallel-to-series shift register 97A. A synchronisation generator 97C
synchronizes the output data, and an output coding circuit 97D is located on
the output optical link 60A, which will presently be described in more detail.
As the database.controller 88 has no direct contact with the subscriber
stations, and as the command processor 90 requires data under the control of
the database controller 88, there is substantial interaction between these two
MiCTOProcessors.

Referring now to Figuré 7, and as was described in an earlier embodiment
with reference to Figure 3, each data frame 98 comprises three
synchronisation bits 100, a command byte 102 and sixteen bytes 104 which are
allocated to voice channels. The data frame 98 is transmitted sequentially at
a data transfer rate of 1.112 Mbits s%. The cross-bar controller 90 is able to
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according to claim 1 which includes the step of using the network map to
.determne the route of a call from one subscriber station to another via a
plurality of selected |local stations, and re-routing the call via
alternative |ocal stations in the event of one or nore of the selected

| ocal stations being tenmporarily disabled, due to overloading or the |ike.
3. A tel econmuni cati ons netmnrk conpri si ng: a)

a distributed network of decentralised |ocal stations, each

station having an associ ated | ocal station |dentification code,

and a | ocal database; b) 19 a plurality of tel econmunications
links joining the | ocal '

switch each of the sixteen data bytes transmitted from subscriber stations 58
and the other data links through any other data byte storage section on the
links of the cross-bar switch 96 for transmission either to one of the subscriber
stations or to one of the other pole exchanges. The cross-bar controller 90
has a standard operating function which performs all the time critical issues
of the routing procedure, and is also capable of uploading information into the
database controller 88 for re-programming and modifying the database 92 via
the system controller 64.

The incoming data frame 98 passes through the serial-to-parallel shift register
86 to a time synchronising circuit which includes a buffer 106 having a
command FIFO portion 106A and a data latch 106B. The data is clocked into
the buffer 106 by means of a master timing clock 108 which also governs the
timing of the cross-bar controller 90. The first full byte 102 of the data packet
is extracted as the command word, which is then passed on to the data base
controller 88 or the cross-bar controller 90 for interpretation. The remaining
sixteen bytes 104 are then resorted via the cross-bar switch 96 for re-
transmission via output data frames 110A and 110B one frame later. The
controllers 88 or 90 attach any command that they wish to be sent with each
outgoing data framie. The database controller 88 may also issue modifying
instructions to the cross-bar controller 90 providing for re-routihg.

The cross-bar switch 96 comprises two dual port sets of static RAM, namely
an address set 114 and a data set 116. The address set 114 contains address
instructions on where to store each incoming byte of data so that it will be in
the correct location for retrieval and re-transmission. Each dual port set of
RAM 114 and 116 includes sixteen bytes for each communications link. In the
present example, one optical link and four microwave links are provided,

thereby resulting in eighty memory address locations per set. The data bus
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stations, each | ocal station being arranged to service a

_settlement of dwellings; C) a plurality of static

subscri ber stations arranged in clusters around each

| ocal station, each subscriber station having a - uni que
I dentification code and bei.ng associated with a

dwelling in the settlenent; d) a plurality of wreless
subscri ber tel ecomuni cations |inks j oi ning the
subscri ber stations to their associated |gcal stati on;
e) a system controller for managi ng tfte operati on of the

network, the s t r.d ' Syst ntroller
dat abase i ncor%@bgﬁﬁg’%aédrﬁerk%f: LT%ggihs% 8%1%(% |p|}6 g‘eﬁ%ﬁ”%@&f the address bus
input of the data set 116, as is shown at 118. The cross-bar controller 90

writes into the address dual port RAM 114 the location of the byte at which

the current data is to be stored.

By way of example, and with reference to Figure 4, a conversation exists
between two subscribers or remote subscriber stations 119A and 119B which
are linked to one another via microwave links 62A joining the local stations
S4A. Subscriber station 119A has been allocated, by the cross-bar controller
90 at the central local station 54A, channel 2 of link L2 of the incoming data
frame 98, as is shown by voice data "AA". Subscriber station 119B has
similarly been allocated channel 0 of link LS of an incoming data frame 119,
as is shown by voice data "BB". Channel 0 link LS represents the fifth physical
address of the dual port RAM 114. A bit counter 120, which is driven by the
clock 108, on reading the number five, will simultaneously access the fifth
physical address of the dual port RAM 114, in which a twelve is stored, and
the fifth buffer 106C, in which the "BB" has been stored. Data "BB" is then
transferred to address location twelve of the data set 116, as is indicated by
the address number five of the address set 114.

Once the counter 120 has progressed to the twelfth address location, the data
"BB" previously stored in the RAM data set 116 is then transferred to the
output data latch 97E, and the data "AA", which has similarly been stored in
the fifth location of the data set 116, is transferred to the output data latch
97F. The output circuitry is also provided with clock-driven three bit
synchronisation components 124 both of which are derived synchronously from
the common synchronisation generator 97C, as well as the command latch 94.
Multiplexers 128 moves between the synchronisation components 124, the’

command latches 94 and the data latch 97E and 97F to build up the relevant
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station data; and ) f) . updating neans for continuously and
. automatically updating ) ' 31
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data frames 110A and 110B via the parallel-to-serial shift registers 97A for

transmitting on to the next pole exchange.

The Telephone

Referring now to Figure 8, the telephone, or subscriber station 58 comprises
a roof-mounted laser pair including a laser transmitter 132 and a laser
receiver 134. A microprocessor-based controller 136 is at the heart of the
telephone S8. Serial data from the receiver laser 134 is converted into
parallel form by means of a serial-to-parallel converter 138. A clock
regeneration, frame and bit synchronisation circuit 140 provides both bit and
byte clocks for both the receive and the transmit circuits. The serial-to-
parallel converter 138 is driven by the bit clock from the bit synchronisatiori
circuit 140 via a clock line 142, The bit counter of the bit synchronisation
circuit 140 resets every frame, that is, every 136 bits, and checks the following
three bits received to see if they are valid synchronising bits. If they are not,
then the bit counter is adjusted by one count and the comparison is performed
again when the bit counter resets. The bit counter is therefore adjusted until
it is synchronised to receive frame synchronising bits. In a worst case
scené.rio, it will take 135 frames to gain synchronicity. Once the bit
synchronisation circuit 140 is synchronised to the receive frame, it transmits
a valid synchronisation signal to the micro-controller 136 via a valid
synchronisation line 144, in response to which the controller 136 starts its
internal frame clock.

Once the bit synchronisation circuit 140 is synchronised, it also enables a
command word latch 146, thereby to latch the receive command word in each
frame. This command word is then read by the micro-controller 136. The

micro-controller then only enables a voice channel latch 148 via a latch enable
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t e vari ous dat abases via the network in response to a
change in the configuration of the network, the updating
" means including allocating nmeans for autonmatically
al l ocating a tel ephone nunber to a subscriber station on
joining the network, the allocating neans including a
dat abase controller at the local station for receiving a unique
code from each subscriber station, for generating a
t el ephone nunber by conbining an all ocated nunber from
t he database with the |ocal station idertification code, and

line 150 when the correct voice channel is received. Digital signals from the
receiver voice channel latch 148 are converted by means of digital-to-analogue
circuitry 152, and are then transmitted to a handset loudspeaker 154. The
handset loudspeaker 154 is also activated by a tone generator 156, which is

operated by the micro-controller 136.

If the micro-controller 136 needs to send a command word to the pole
exchange 54, it puts a command byte onto the command bus 158, sets the
input of a two-input multiplexer 160 to the command bus input, and latches
the command byte into a transmit latch 162 via a latch enable line 164. When
the correct time slot for the command byte occurs in the receive frame, then
the micro-controller 136 enables transmission of the transmit byte into a
parallel-to-serial convertor 166, via a transmit enable line 168. The byte is
then clocked out in serial form to the transmit laser 132 by means of a clock
signal from a byte clock line 170.

The micro-controller 136 interprets and executes commands from the pole
exchange 54. On request by the pole exchange 54 or during automatic logging
in or powering up, it transmits a unique identification number 172 which is
stored within the memory of the micro-controller 136. The unique
identification number is unique to a particular telephone, and is entered
during the manufacture of each telephone. .

- This number remains unchanged, and is used
for the purposes of record keeping at the system controller 64.

The micro-controller 136 also controls the operation of a keyboard circuit 174,
which is used for dialling, and the tone generator 156, which provides the
necessary ring, engaged and busy tones. An on-hook switch 176 is linked to

the micro-controller, and is activated on release of the handset 178 from its
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for transmitting the allocated tel ephone nunber to the

_ Subscri ber station. 4. A tel econmuni cati ons network accordi ng
to claim3 conprising routing neans for routing a call from one subscri ber
station to another via a plurality of selected |ocal stations on the basis
of the network map, and re-routing neans for re-routing a call via one or
nore alternative local stations in the event of one of the selected | ocal

stations being tenporarily disabl ed. 5. A tel econmuni cati ons
network conprising a distributed network of
23

wall-mounted bracket. The micro-controller also generates the required
command words and dialling data which are input via the keyboard circuit
174. The micro-controller is instructed by the pole exchange 54, which
transmits and receives voice channels to use in the respective receive and
transmit frames. Voice output data travels from a handset microphone 180
to analogue-to-digital circuitry 182, which then drives a voice input line 184
of the multiplexer 160. The micro-controller 136 then sets the input line of
the multiplexer 162 to the voice input line 134, and latches the voice data into
the transmit latch 162 . When the correct time slot for the transmit voice
channel occurs, the micro-controller 136 enables transmission of the parallel-
to-serial convertor 166, and the voice byte is then sent in serial form from the
transmit laser 132. When no data is being transmitted, the output to the
transmit laser 132 is maintained in an off state by a signal from the transmit
enable line 168.

On purchasing a telephone at a retail outlet, the subscriber then contacts the
nearest payment office 69. At the payment office, all the subscriber’s personal
details are entered, and an account is opened bearing the unique identification
number 172 of the telephone, and credited with the amount that the
subscriber pays. Once the relevant information has been entered at the
payment office, it is then transmitted via the microwave or cable link 69A to
the system controller 64, where it is entered into the mass storage device 74.
The subscriber then returns to his village with his newly purchased telephone,
and installs it, which includes the step of mounting the laser transmitter 132
and the laser receiver 134 on his roof in line of sight with the nearest local

station 54.

During the lining up procedure, the new subscriber station transmits a logging

in message at periodic intervals to the local station, until the required optical
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decentralized local stations interconnected by a plurality of

. telecomuni cations |inks, each | ocal station being arranged to service a
settlement of dwellings, and a plurality of static subscriber stations
configured in a cluster around a |ocal station, each static subscriber
station haviing a unique identification code and being associated with a
dwelling in a settlenent, wherein each |l ocal station includes:

a) an elevated optical transmitter arranged to transmt a

common optical telecommunications foobtgrint over the

plurality of static subscriber stations;

link has been established. This is acknowledged by the local station
transmitting an acknowledgement signal to the subscriber station, in response
to which the subscriber station transmits its unique identification number. On
receipt of this unique number, the database controller 88 at the pole exchange
83 extracts an unallocated three digit number from the RAM database 92, and
combines it with the characteristic three digit local station number into a six
digit telephone number, which is stored in the database 92 with the unique
identification number of the new telephone. This six digit number is then

transmitted down to the telephone via the voice synthesizer 92A.

The allocated telephone number and the unique identification number is
simultaneously transmitted to the system controller via one or more of the
local stations, and this data is matched with the same identification number
which has been stored in the mass 'storage device 74, together with all the
other subscriber and credit details which have been entered via the payment
office 64. Provided that the consumer has a positive credit balance, an enable
signal is then sent back to the new subscriber station, and the subsq'iber may
then start to make telephone calls. All the necessary credit and subscriber
data is downloaded from the system controller 64 to the database controlier
88.

The system controller also transmits the updated information to all of the
database controllers 88 at the other local stations S54A and 54B. The pole
exchanges 83 at the local stations are then able to use the updated maps to
determine the routing of a call via a number of different routes, so that in the
event of one route being disabled or overloaded, an alternative route can be

found.

If a subscriber moves his place of residence, he merely takes the telephone
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b) an el evated optical receiver.arranged to receive from each

~

25

with him. Provided he moves within the same local exchange area, he will not
have to contact the payment office. Naturally, if he is still within the same
footprint 56, then he needs to take no further action. However, if he moves
into a footprint covered by a different local station, he merely re-installs his
telephone and communicates with the pole exchange, which will in turn notify
the system controller of the new location of the telephone. The entire
telephone network will then be updated in the manner described previously.

If a subscriber moves to a different exchange area, he will have to notify his
local payment office, which will refund his outstanding credit. On reaching
the new local exchange area, he then goes through the process of installing his
telephone by initially visiting the nearest payment office, paying and providing
“his details in the manner described. '

When a subscriber picks up his handset 178, a command word is transmitted
via the transmit laser 132 to the pole exchange S4A in a manner previously
described in the specification. The number of the caller is also received at the
command processor 90, and this number is passed on to the database
controller 88, which performs a validation test on the number. If a number
does not pass the test, in that the phone is a stolen unit or has no available
credit, then the call is t_efminated. On passing the test, the caller’s phone is
then allocated a channel to use and is allowed to proceed with the call. The
database controller 88 may then activate the voice synthesizer, and sends the
appropriate credit information down to the telephone 58 in its assigned

channel.

The command processor 90 receives a number to be called, the structure of
which determines whether it is a local call or a call to a remote area. If the

call is local, the command processor 90 will attempt to communicate with the
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of “the subscriber stations directional optical :
.tel ecomruni cati ons signals; c) | ocal station transceiver neans for

serially transmtting and recei ving voice and data signals to and
from ot her | ocal stations in the network via the tel ecomuni cations
| i nks; d) a |l ocal exchange including first sw tching neans for
connecting calls between one static subscr.iber station and anot her
within a particular |local station, second swtching

26

relevant telephone via its command word. Should the telephone not respond,
or report back that it is busy, then the caller is given an engaged signal and
the call is terminated. If a telephone responds that it can accept a call, then
it is also allocated a voice channel and the connection is set up via the cross-
bar switch 96, as was explained earlier on in the specification. The database
controller 88 is then informed that the connection has been set up, and the
database controller 88 then begins to time the call against the credit of the
caller. If the credit drops to below zero, then the database controller 88 will
inform the command processor 90 to interrupt the call and to terminate the
connection. When one of the parties terminates a call, the command
processor 90 terminates the connection and informs the database controller
88 that the call has ended. The remaining credit balance of the caller is then
updated. '

A call to a remote area is indicated by some form of code preceding the
number to be called. In this case, the command processor 90 will send out
the request on one of its external links 62 or 66, as is determined by the
routing database 93. The targeted remote area exchange then interrogates the
phone being called, assigns a channel to it, if it is available, and reports back
this information to the-call qriginating pole exchange 54. If the called phone
is available, then tﬁe connection is made via the cross-bar switch on the
relevant pole exchange, and is timed in the manner described. If the called
phone is not available, then an erigage_d tone is sent to the calling phone and
the call will be terminated.

Incoming traffic is analysed to check whether the local exchange area is a
destination of any of the calls. If this is not the case, then the data is merely
routed along the best path 62 or 66, to enable it to reach its destination with

the aid of the routing database 93. If a local area is the destination for a call,
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_means for connecting calls between a static subscriber station, a

renote |local station renote fromthe subscriber station, and third
swi t-chi ng neans for connecting calls from one nei ghbouring | ocal
station to another via the | ocal station; e) a routing database
| inked to the | ocal exchange for assisting in.routing calls to
distal |ocal stations along at |east one pat h;

27

the phone to be called is interrogated in the manner described, a channel is
assigned to it and the connection is set up in the cross-bar switch 96. Calls
between local and remote areas only require one voice channel, as up to

sixteen calls can be accommodated at any one time if they are all of this type.

In the event of a number of subscribers all starting conversations in the same
frame at the same time, there will be a clash of messages, resulting in the pole
exchange not being able to receive an uncorrupted signal, and not knowing
who has been calling it. In order to cater for this situation, each of the
subscriber stations attempts to make a call and then waits off for a variable
number of frames before trying again. By random staggering of the frames,
clashing of messages is minimised. Should all sixteen communication channels
be occupied, a busy signal is sent back to the user.and the user has to wait

until a free channel becomes available.

The particular configuration of the telecommunications network, especially as
described in the second preferred embodiment, provides it with certain
advantageous features. The network is essentially self-maintaining, in that it
automatically caters for the adding of new telephones, the replacing of
telephones and the moving of existing telephones to be covered by different
local stations. Furthermore, if a new pole exchange is added, then the system
controller will automatically update its map of the entire network and
download this information to all of the pole exchanges. Self reporting of

network faults is another advantageous feature.

If the subscriber reports the theft of his phone to the relevant authorities, the
particular unique identification number is blacklisted throughout the network,.

which will assure that the stolen phone is totally inoperable.
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f) *  a subscriber database I ncorporating details of static

Subscriber stations linked directly to a particular |ocal station
and including the unique identification codes of and t el ephone
nunbers assigned to each static subscriber station; g) at | east one
dat abase controller for controlling the operation of the subscri ber

and routing databases; and

28

A major advantage of the telecommunications network of the invention is that
it avoids the need for an expensive copper-wired network with the network
infrastructure and maintenance problems associated therewith. The optical
links between the subscriber stations and the pole exchanges do not employ
critical components, as would be the case in respect of radio links. As the
telephone is installed by the subscriber, there is no requirement for a large
staff of service personnel. By means of the voice synthesizer located in the
pole exchange 54, the telephone network can be customised to suit the
language requirements of a local population. By employing a credit-based
system incorporating a pay office, payment for all calls is guaranteed.
Maintenance staff are minimised, as the subscriber may personally return his
telephone to the supplier should a fault arise. The re-routing facility allows
faulty or overworked pole exchanges to be bypassed.

The optical link established between each local station and the individual
subscriber stations may be replaced with a microwave link or a radio link,
although these would probably be less cost-effective. The telecommunications
network of the invention is also not confined to a village-based application.
It can be extended to a corporate environment in which radiating sources can
be located in qaéh room and a person is able to move around the building
carrying a subscriber station which has a particular telephone number and an
ID number assbc_iated therewith. The various telephone messages are
radiated in a multiplex fashion from e\'/ery room into the volume of that room.
The telecommunications system can therefore support up to sixteen corporate
conversations through the PABX irrespective of the locations of the various
users. It is envisaged that this will be a less expensive system than an existing
radio telephone system, which relies on the use of relatively expensive tuned
circuits and technology which raises the costs of the individual subscriber

stations.
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33 ~ h) updating neans for continuously and automatically

'?ﬁga%ggm\ the subscriber and the routing databases via
. N 0 mhm
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CLAIMS
1. A method of establishing a telecommunications network comprising
the steps of: '

a) providing a distributed network of decentralised local
stations joined to one another by telecommunications links,
each local station being arranged to service a settlement of
dwellings;

b) arranging, in a cluster around each local station, a plurality

- of static subscriber stations, each subscriber station having
a unique code and being associated with a dwelling in the
settlement; |

c) establishing subscriber telecommunications links between
the subscriber stations and their associated local station;

d managing the operation of the netv;brk using a system
controller;

€) establishing, at the system controller, a system cohuoller
database incorporating a network map, subscriber and local
station data;

) establishing associated local databases at each of the local
stations; '

g) allocating a station identification code to each local station;

h) automatically allocating a telephone number to a subscriber
station via a local station on joining the network, once the
communication link has been established, and using the
station identification code as a component of the telephone
number which is allocated to each subscriber station in the
associated cluster; and

i) continuously and automatically updating the various
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static subscriber stations in response to a change in the
.configuration of the network, the updating neans incl uding

al | ogﬁ'nﬁmm II utormatically allocating a tel ephone

nunb ' : u muﬁscri ber station %joi ni ng the network. 6.

The tel edomrunfcati ohs network according to claimb5 which further conprises
a systemcontroller for managi ng the databases of the |ocal stations, the
system control ler including a systemcontroll er database incorporating a
net wor k ‘map, subscriber data and | ocal station data, the systemcontroller
bei ng arranged to downl oad data to the | ocal stations via the :
t el econmuni cations |inks. databases via the network in response to a change in the

configuration of the network.

2. A method of establishing a telecommunications network
according to claim 1 which includes the step of using the network map to
determine the route of a call from one subscriber station to another via a plurality
of selected local stations, and re-routing the call via alternative local stations in the
event of one or more of the selected local stations being temporarily disabled, due
to overloading or the like.

3. A telecommunications network comprising:

a) a distributed network of decentralised local stations, each

station having an associated local station identification code,
- and a local database; '

b) a plurality’ of telecommunications links joining the local
stations, each local station being arranged to service a
settlement of dwellings; _

c) a plurality of static subscriber stations arranged in clusters
around each local station, each subscriber station havmg a
unique. identification code and being associated with a
dwelling in the settlement;

d) a pluré.lity of wireless subscriber telecommunications links
joining the subscriber stations to their associated local
station;

e) a system controller for managing the operation of the
network, the system controller including a system controller
database incorporating a network map, subscriber and local
station data; and

f) updating means for continuously and automatically updating
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7. . The tel econmuni cati ons network according to either one of
.claimse 5 or 6 in which the first, second and third sw tching neans each
corrp:“"lnl “"ﬂ IMHIIISV\A tch arrangenent and a cross bar controller for
cont ml h arrangenent. 8. The tel econmuni cati ons
network &ccbrdlng td claim7 in which the cross bar swtch arrangenent

I ncl udes i nterchangeabl e address and datz: set nenory | ocations.

the various databases via the network in response to a
change in the configuration of the network, the updating
means including allocating means for automatically
allocating a telephone number to a subscriber station on
‘joining the network, the allocating means including a
database controller at the local station for receiving a unique
code from each subscriber station, for generating a
telephone number by combining an allocated number from
the database with the local station identification code, and
for transmitting the allocated telephone number to the
subscriber station.

4, A telecommunications network according to claim 3 comprising
routing means for routing a call from one subscriber station to another via a
plurality of selected local stations on the basis of the network map, and re-routing
means for re-routing a call via one or more alternative local stations in the event

of one of the selected local stations being temporarily disabled.

5. A telecommunications network comprising a distributed network of
decentralized local stations interconnected by a plurality of telecommunications
links, each local station being arranged to service a settlement of dwellings, and
a plurality of static subscriber stations configured in a cluster around a local
station, each static subscriber station having a unique identification code and being

associated with a dwelling in a settlement, wherein each local station includes:

a) an elevated optical transmitter arranged to transmit a
common optical telecommunications footprint over the

plurality of static subscriber stations;
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9 ' The tel ecommuni cati ons network according to any one of. clains
n whi ch each | ocal station includes synchronization circuitry for

.transn“ Ilﬂl Hm'f’mw zing signal fromthe |ocal station sinmultaneously
to the tic subscriber stations in the vicinity of the | ocal
station for synchronl Zi ng a commandjdata frame at the local station for

synchroni zing a command data frane at the local station with a reply data
frame originating fromat |east one of the static subscriber stations.

b) an elevated optical receiver arranged to receive from each
of the subscriber stations directional optical

telecommunications signals;

c) Jocal station transceiver means for serially transmitting and
receiving voice and data signals to and from other local

stations in the network via the telecommunications links;

d) a local exchange including first switching means for
connecting calls between one static subscriber station and
another within a particular local station, second switching
means for connecting calls between a static subscriber
station, a remote local station remote from the subscriber
staﬁon, and third Switching means for connecting calls from
one neighbouring local station to another via the local
station; |

e) a routing database linked to the local exchange for assisting
in routing calls to distal local stations along at least one
path;

f) a subscriber database incorporating details of static
subscriber stations linked directly to a particular local
station and including the unique identification codes of and

telephone numbers assigned to each static subscriber station;

g) at least one database controller for controlling the operation

of the subscriber and routing databases; and
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34 10. The tel econmuni cati ons network according to any one of
clainse_5 to 9 in which the allocating neans includes a database controller
at each local station for receiving the unique code fromeach static
subscri Hmmmm'wuwmgenerati ng the tel ephone nunber by conbining an

al | ocat e database with a local station identification
code, and a“voicé synt esi zer for '

33

h)  updating means for continuously and automatically updating
the subscriber and the routing databases via the local or
static subscriber stations in response to a change in the
configuration of the network, the updating means including
allocating means for automatically allocating a telephone

number to a static subscriber station on joining the network.

6. The telecommunications network according to claim S which further
comprises a system controller for managing the databases of the local stations, the
system controller including a system controller database incorporating a network
map, subscriber data and local station data, the system controller being arranged
to download data to the local stations via the"' plememﬁom links.

7. The telecommunications network according to either one of claims
5 or 6 in which the first, second and third sw1tchmg means each comprise a cross
bar switch arrangement and a cross bar controller for controlling the switch

arrangement.

8. The telecommunications network according to claim 7 in which the
cross bar switch arrangement includes interchangeable address and data set

memory locations.

9. The telecommunications network according to any one of claims 5
to 8 in which each local station includes synchronization circuitry for transmitting
a synchronizing signal from the local station simultaneously to the plurality of
static subscriber stations in the vicinity of the local station for synchronizing a
command data frame at the local station for synchronizing a command data frame
at the local station with a reply data frame originating from at least one of the

static subscriber stations.
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t r angiWetak |l ocat ed tel ephone nunber to the static subscriber .
St at ﬂwmllmﬂ!'@mm”ﬂr The tel ecommuni cati ons network according to any
one ofs Clca in which each static subscriber station includes a
directional |aser transmitter and a | aser receiver arranged to be nounted
and ained in line-of-sight with the Ioca{i station for allowng it to be

I ncorporated with the network, and cl ock ?egeneration, frame and bit
synchroni zation circuitry for controlling the timng and synchronicity of
data franes received and transmtted via the respective | aser receiver and
transmtter, and being arranged to select and to receive a frane

synchroni zi ngl®i t . The telecommunications network according to any one of claims 5
to 9 in which the allocating means includes a database controller at each local
station for receiving the unique code from each static subscriber station, for
generating the telephone number by combining an allocated number from the
database with a local station identification code, and a voice synthesizer for

transmitting the allocated telephone number to the static subscriber station.

11. The telecommunications network according to any one of claims 5 -
to 10 in which each static subscriber station includes a directional laser transmitter
and a laser receiver arranged to be mounted and aimed in line-of-sight with the
local station for allowing it to be incorporated with the ﬁetwork, and clock
regeneration, frame and bit synchronization circuitry for controlling the timing and
synchronicity of data frames received and transmitted via the respective laser
receiver and transmitter, and being arranged to select and to.receive a frame
synchronizing bit.’ '

12. The telecommunications network according to claim 6 in which at
least one of the local stations and the system controller includes- interface means
for interfacing the network to a public switched telephone network.

13. The telecommunications network according to any one of claims 5
to 11 in which the telecommunications links connecting the local stations are

microwave links.
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12. % The tel ecommuni cations network according to claim6 in which
at |least one of the local stations and the systiemcontroller includes
interface means for interfacing the network to a public switched tel ephone
net wor K. 13. The tel econmuni cati ons network according to any
one of clains 5 to 11 in which the tel econunications |inks connecting the
| ocal stations are m crowave |inks.
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TELECOMMUNICATIONS NETWORK

ABSTRACT

The invention relates to a method of establishing a telecommunications
network. The method includes the steps of providing a network of local
stations joined to one aunother by microwave links, and arranging, in a cluster
around each local station, a plurality of subscriber, or telephone stations, each
subscriber station having a unique code. Optical telecommunications links are
then established between the subscriber stations and their associated local
station. The operation of the network is managed using a system controller,
at which a system controller database incorporating a network map, subscriber
and local station data. Associated local databases are established at each of
the local stations, and the varous databases are continuously and
automatically updated via the network in respomse to a change on the
configuration of the network. The invention extends to a telecommunications
network, as well as to the various components of the network. The invention
is of particular use in the informal housing sector.
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