ELKINGTON&FIFE ID:01732~743973 4 . 20 FEB'96 9:19 No.001 P.0O3
: | 01732 743973

o ) : . o300 TIO)
[ . L4 . . o . _ .

REPLACED SHEETS SG
Description : paged ...1... to paged ..3%
¥ Ciaim(s)  : paged ¥ to paged .. 3%

..........

...................................

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 in§ariably vandalised.

Conventional hardwired systems 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 squanq,r camps is impractical, in that it 1s 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 inay 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 -
p!nrality of subscriber stations, each subscriber station
“having a unique code ; | '
¢) esrablishingsubﬁcribertclcconununications 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; _ .
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. -

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. ‘

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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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 being
temporarily 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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According to a second aspect of the invention there is provided a method of

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

a) 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; | |

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; o
. ' 0 transmitting the characteristic sxgnal 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 communicationis channel
for establishing a voice-based telecommunications link
betwecn the first and second subscnber stations,

. The invention extends to a telecommunications network comprising:

a) - a nctwork of local stations, each station having an
associated local station identification code, and a Jocal

—_—_
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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 subscribér station having
a miique identification code;
d) a plurality of wireless subseriber 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 incorporatin_g a network map,
subscriber and local station date; 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 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. . Al

~ 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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telephone number by combmmg an allocated number from the database with
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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data; _
d)  a database controller for controlling 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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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;

S
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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 lig}gt 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
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" processing unit 34. Also connected to the signals processing unit 34 is a

telephone handset 36 which mcorporates 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 transmitter 20, on recexpt of a signal v:a the microwave 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

e —_—
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which are continuously moniton'ng the transmission from the central
transmitter 20. '
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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 Figure 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
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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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that will be described in more detail further on in the specification.

“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
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maint_etiance 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 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

-

This Sheet Has Been R

(N HII i



ELKINGTONSFIFE ~  ID:01732-743973 20 FEB’96  9:26 No.001 P.17
. - 01732 743973 :

¥

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;

- maimaining 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 mdummg when additional payment
. requtred

- downloading through the microwave links 66 to cach pole
exchange the relevant information for each subscriber telephone
- station 58 whlch is lmked 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 various electronic services that can be
—_
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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 electnc services may be avzulable credlt, an electromc
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 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 10 be used to transfer a call coming in
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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 2 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 tum perform all the timing

\\ -
\
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functions of the exchange.

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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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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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,

Once the counter 120 has progressed to the twelfth address location, the data
“BB" prevnously 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
- e
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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 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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~ 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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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 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 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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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
data:base controller 88 may tl'le_!} 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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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 eartier 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 2 local 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 situauon, 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 staggermg 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 thie 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. |
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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) afranging, in a cluster around each local station, a
| plurality of subscriber stations, each subscriber station
having a unique code ;
c) establishingsubs_aibeitelecommunicationslinksbeween
the subscriber stations and their associated local station; -
d)  managing the operation of the network using a system
controller; ' ' -
e) establishing, at the system controiler, a system controller

database mcorporating 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

cdnﬁguig}ion 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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includes -the step of 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 eﬁsﬁng 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 |

__’_______J—————-———'

heet Has Been Replaced

\\|I\I\\ MR



ELKINGTONSFIFE ID:01732-743973 20 FEB’96  9:34 No.001 P.33
' | 01732 743973 ' B

° .

IIIIIIIl I|III| T

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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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
| 2 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) .ﬁpdating 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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subscribet 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 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 associated
~ 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
stations. '

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

\
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the local station including an elevated exchangé 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; - " ,

¢)  alocal database for storing data relating to the network,
including a network map, subscriber and local station
data; | | . L

d)  adatabase controller for controiling 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 data
- 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:
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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.
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