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DATE OF RECEIPT .................................. . 

Telecannunications NetM>rk 

BACKGROUND TO mE INVENTION 

This in\rention relates to a· telecommunications network, as well as to a 

method of establishing a telecommunications link between-a remote telephone 

and a central exchange. 

ln most third world couniries, 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 extensive network of trenches and telegraph poles are required 
. . 

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

r~mote villages and squatteJ camps is impracti~ in that it is extremely 

expensive to imtall and it is usually stolen by those members of the 

community who do not have a telephone system. Maintenance of a hardwired 

telecomm~cations· i!Jfrastructure in such areas is arduous; in some cases, an ,. 
element of danger may even exist. Cellular radio systems are rel-.dvely 

expensive to manufacture. in that there are critical componenis in each radio 

that require accurate runing. 
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Atcordil)g to a first aspect of the invention there is provided 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 

p~urality of subscriber stations, each subscriber station 

having a unique cade ; 

c) establishing subscriber telecommunications links between 

· the subscriber stations and their associated local station; 

d) ~ging the operation of the network using a system 

controller; 
o) establishing, at the system controller, a system controller 

database incorporating a network map, subscriber and 

local st;ition data; 

t) establishing associated local databases at each of the 

local stations; and 

g) continuously and automatically updating the various 

da~bases 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 

addltio~ subtraction or relocation of at least one loQI station and/or at least 

one subscriber station. 

Conveniently, the method indude$ the step of automatically allocating a 

telephone. number to a subscriber station \tfa a local station on joining the 
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network, once the communications .link has been established. 

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 8llocation thereof. 

Typic:ally, the method includes the step of entering, at a payment statj.on, the 

unique identity number o~ a telephone, and personal identity information of 

the associated subscriber, receiving payment from the subscriber, entering · 

· associated credit information, I.inking, 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 funher 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 network map to 

determine tho route of a call from one subscriber station to another 'lia a 

plurality of-selected local statj.ons. and re .. routing the call via altem~ve local 

stations in the event of one or more of the selected local statio11& being 

temporarily disable~ 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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According to a second aspect of the invendon there is provided_ a method of 

establishing a telecommunications link between rarst and second subscriber 

stations including the steps of: 

a) receiving, at a l~. station, a characteristic signal 

originating froni the first subscriber station and having a 

unique identification code associated with the second 

subscriber station; 

b) transmitting a synchronising sipal from the local station 

simultaneously 10 the subscriber stations in the vicinity 

·thereof for synchronising a command data frame at ·t_he 

local station with a reply data framo at the subscriber 

stations; 

c) transmitting the characteristie 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 tile· characteristic signal at the 

second. remote· subscriber station and retraosmitting 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 ne~rk. comprising: 

a) · a network of local stations, each sf:ation having an 

associated local station idendficatlon code, and a local 
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database; 

b) a plurality of telecoJlllllunications links joining the local 

stations; 

c) a plurality of subscriber stations arranged in clusters 

around each local station, ~ach subscriber station having 

a unique identification code; 

d) ~ 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 including a system 

controller database incorporating a netwoi:k: map, 

subscriber and local station data; and 

f) updating means for continuously and automatically 

updating t~e various databases .via the network in 

response to a change in the configuration of the· network. 

.. Preferably, the updating means includes allocating m~ans for ~ut0matically 

. allocating a telephone number to a subscriber station on joimng the network. 

once tbe subscriber telecommunications link has been established. 

AdYantageously, the teleco~munications network includes routing moans for 

fOJlting a can from one subscrjber station to another via a plurality of selected 

local stations on the basis of the network map. and re-routing means for _. 

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 eaoh subscriber station. for generating the 
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telephone number by combinin:g an allocated number from the database with 

the local statj.on identification code; and a voice synthesizer for transmitting 

the allocated telephone number to the ·subs.criber station. 

The telecommunications network -advantageously indudes a prepayment 

·station for establishing a credit facility fof 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 tele~hone. 

The subscriber telecommunications links are preferably optical infra red links~ 

and the subscriber statio115 are preferably clustered i~ line-of-sight around the 

local stations • 

The invention extends to a local station fanning pan of a telecommunicatiqns 

network, the local station including an elevated exchange arranged in line-of­

sigbt 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 lbe subscriber stations; 

b) local station data transceiver meani providing local 

station links for serially transmittbig 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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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 tbe switch. 

The local stadon conveniently includes input synchronising means for 

separately synchronising incomi11g data from the telecommunications links, 

and output synchronising means for simultaneous~y synchronising outgoing 

data. 

According to a still funher aspect of the invention there is provided a 

subscriber station for incorporation into a telecommunicadom network, the 

subscriber station including a telephone .comprising; 

a) a central micro-controller having a unique identification 

number stored therein; 

b) a dialli~g unit; . 
c) a laser transmitter and a laser _receiver arranged to be 

mounted in line-of-sight with a local stadon; and 

d) clock regeneration. frame . and bit synchronisation 
~ 

circuitry for oontrolling the ~g and synchronisation of 

data frames received and transn1itted via the respective 

laser receiver and uusmitter, and being arranged .to 

select and to receive frame synchronising bit; 

The micro.c:ontroller being responsive to the bit synchronisation drcuitry and 

.. : 
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being arranged to enable a voice channel latch only in the eveni of a correct 

voice channel being received from an input .data· frame. 

BRIEF DESCBJmON OF' mE DRAWINGS . 

Figure 1 

·Figure 2 

Plgue3 

. Figure 4 

Figures· 

Flpre 6 

shows a highly schematic view of part of a first 

embodiment of a telecommunications network of 

the invention; 

shows a highly. schematic block diagram of the 

subscriber's end of tbe telecommunications 

network of Figure 1; · 

shows a time-based graphical diagram indicating 
. . 

how data frames. are uansmitted between a 

subscriber and a local station; 

shows a highly ·schematic layout of a second 

preferred embodiment of a· telecommunications 

network of the invention; 

shows a schematic block diagram of a system 

controller forming pan of tho tolecommunications 

network of FigUl"e 4; 

shows a. schematic block diagram of a local or 

pole exchange . forming part of the 

telecommunications network of Figure 4; . 



ELKINGTON&FIFE 

Figure 7 

Figure 8 

ID:01732-743973 & 

01732 743973 

9 

20 FEB'96 9:23 No.001 P.11 

shows :a more detailed block diagram of a cross .. 

bar switch and associated circuitry formjng part of 

the pole exchange; and 

shows a schematic block· diagram of a telephone 

at the subscriber's end of the telecommunications 

network. 

DE$QUnJON <>I: EMBODIMENTS. 

The telecommuni~tions network illustrated schematiatlly iii Figure ~ includes 

a central, or local station 10 and· a plurality of subscriber stadons 12. 'lbe 

central station 10 is mounted on a high mast 14 which is located in the centre 

of a grQUp 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 optical transmitter 20 which bas a co~ footprin~ as is ind~cated in 

broken outline at 22, which illuminates those dwellings 16 in the village which 

are served by the telecommunications neiwork. Located just beneath the 

optical transmitter 20 is a receiver 24 for receiving signals 2S from the various 

subscriber stations 12 located in the dwellings 16. A pole·top telephone . . . 
exchange 26 for the village is mounted between the muismitter 20 and the 

r~iver 24. An overhead ligqt 27 ls mount~ just beneath the microwave link 

18. 

Turning now to Figure 2. each subscriber station 12 is p'bWered by a roof· '· 

mounted solar eell 28 and in~udes a receiver in tho form of a receiving laser 

diode 30 and a transmitter in the form of a transmi,tting laser diode 32. Both 

the receive~ 30 and the transmitter 32 are coupled to a central signal 
. . 
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processing unit 34. Also connected to. the signals processing unit 34 is a · 

teleph_ono handset 36 which incorporates a keypad 38. As is shown in Figure 

1, both the receiver 30 and the transmitter 32 are mounted 011 the roof of the 

dwelling 16, in line-of~sight . with the respective eentraJ 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 idendfication number associated 

there~th 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 an~ 24 and the respective subscriber receiver and transmitter 30 

and 32 is such that it provides for sixteen simultaneous convenations to take 

place between subscribers in the village and/or other subscribers in the 

national network to which the microwave link 18 is coupled. /U 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 on6 moment.. 

The central transmitter 20 includes a laser diode·wbich typically radiates data 

from the ~t 14 at a rate of 1.112 Mbits s-1• As .isshOwn. in ·Figure 3, in 

order to receive a call from a signal from a main station 39 outside the village, 

the central t~tter 20, on receipt of a signal via the rnicrowav~ link_ 18, 

radiates a synchronising pulse 40 followed by tho number of tbe unit being 

sought a commaitd byte 44. The synchro~ pulse 40 sets up a reply frame 

· 45 ·at the right moment in all of the unoccupied subKriber stations, all of 

which are continuously. monitoring tbe transmission fio111 the central 

transmitter 20 • 
........ 

~.... • ,-· • ~ .... .,.~:,~ •••• !llif• w~. -....,,•11••1112 •It •-.t••lfr.'n::. · ··1-~~·· . '·· .. 
--------. 

·-. 
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On recognition of the identity nmnber, the signals processor 34 associated with 

that panicular identity number provides ·a ringing tone in the relevant 

dwelling. and transmits its own panicular idendty 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 iransmitted in a time division 

multiplexing (TOM) method using the particular voice channel, such as v9ice 

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 ~nversation 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 conunand transmission mode indicating the 

particular time. slot number to be utilised. Dialling. informadon is then 

transmitted from the subscriber station· 12 to tho central station 10, from 

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

·R,.fer.ring now to Figure.-~ 4- a ~rrent preferred embodµnent of a 

teleeommuniQtions network is illustrated. Only pan of the 

. telecommunications network, which covers two neigbbouring villages SO and 

52, is shown. Bach. village has a number of local stations S4A and 548, ~hi~ 

aro similar to tho central station 10 illustrated in Figure 1. The local stadons 

54A and 548 have a footprint 56 of approximately 130000m2
, which typically 

indudes about 400 subscribers. Bach subscriber hu a telephone ·or subscriber 
I .. • 
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station 58 which is linked to· the local station 54A or S4B 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 meadS of microwave links 

62. 

The entire network is controlled and managed by means of a system controller 

641 which is preferably located outside of the villages SO and 52 in a posidon 

that allows it ro 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 stati~ns S4A 

and S4B 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 

interlaces 68 ·which allow them to be co~ected to a conventional existing 

telephone network. Bach system controller 64 and its associated cluster of 

local statioas 54A and 548 forms a local exchange area. 

A $Ubscriber has to be in credit before he can receive or make calls. 

Accordingly, a payment office 69 is located nearby the vil~ages, 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 548, the system 

controller ~· and the payment office, whe~ tho subscribers make advance 

payments. 

Bach subscn'ber telephone SS has a characteristic identification code that 

uniquely identifies it from all other telephones manufactured. This 

identification codo serves as a. primary reference iri the v&rious databases 

against which all other subscriber iDformation is .enter-1. All payments are 

thus made agUnst ·this unique identifieation number. In addition, oach 

telephone is automat~cally assigned a different telephone number, in a manner 

-. 
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that will be described in ·more detail fun.her on in the specification. 

·&ch 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 even:t of one pole exchange being fully occupied. 

Communieation between pol~ exchanges, as well as beiween 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. Th~ command byte of tho framo is used for 

command messages and for the transmission of. data between the pole 

exchange and the te~ephone stations. The frames arc 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 exchang~ either· in the command 

byte slot or in on" of the voice channels. 

The ~ous components of the telecommunk:ations system will now be 

described in further detail. 

SJ•tem ContmUor 

. ~ 

The system controller 64 illustrated in Figure S has • microprocessor 70 at its 

heart. The microprocessor 70 has a memory component 72 having operating 

~oftware store~ therein for performing various management tasb. A separate 

mass ·storage device 74 is provided for storis_ag the various databases and other 

data that the system controller is responsible for managing. A terminal 76 

allows maintenance personnel access to the varioU& databases. The 
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maintenance operator can update or clt~e th~ databases using this. terminal, 

as well as performing fault .. flnding routines, accessing system statistics, 

querying subscriber accounts and the like. A modem interface 78 is provided 

in the link 69A to the payment offi~ 69, and allows the microprocessor to 

communicate with a corre."'ponding terminal in the payment office 69. All 

operator can thus record payme~ts made by tho subscribers and answer 
. . 

subsaibcr,s queries. The data transfer between the terminal at the payment 

office 69 and the microprocessor 70 is encrypted using lmown techniques for 

security purposes. 

A cross-bar swiich 80 is pro~ded 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 

microwaVe links 66 to any local _station S4A or 5~B 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 exchanget and will be described· in· nu-mer 

detail later on in the speci~cation. 

The convendonal network interface 68 convertS voice data from the sixteen 

voice cba11nels into a· standard telephone fonn.at of sixteen telephone lines, 

and vice versa. Dialling information is also transferred to and from the 

eommand byte of the TOM frame· by the· conventional telephone network. 

interface 68. · 

The system. controller 64 is responsible for the overall management of ~e 

pole exchanges that fall within the exchange areL The managementausks 

... 



ELKINGTON&FIFE 

-c . 

!0:01732-743973 l 

01?32 7439?3 

include the fo11Qwing: 

15 

20 FEB'96 9:26 No.001 P.17 

maintaining a logical map of all the subscriber telephone 

stations. together with the unique identifi.~tion 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 paymen~ as well as indicating when additional payment 
is required; 

downloading through tho microwave links 66 to e~ polo 
exchange the relevant information for each subscriber telephone 

station S8 whi~ is linke~ to a. particular pole exchange via one 

of the local stations S4A or 548; 

·' · downloading to each pole exchange a routing map of all the /. . . 
polo exchanges; 

management of tho various electronic services that can. be 
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self-reporting of fault$, which may, for example. arise in one of 

tho local stations 54A or 54B or in·the system controller itself; 

and 

transfemng of new operating system software programs to the 

local stations 54A ·and S4B via .the microwave link. 

Examples of these electric services may be available credit. an electronic 
• I 

telephone directory, telephone numbers ·which have been allocated. the 

statuses of su.ch 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 th~ services and to 

add new services. 

The pole-mounted exchange 83 illustrated in block diagram form in Figure 6 

is responsible for establishing microwave _Jinks between local stations 54, as 

well as seryjng the telephone subscriber stations 58 via the optical links 60. 

Bach pole exchange has a unique three digit ~ber associated with it for 

facilitating the automatic· routing of telephone callS. 1be pole exdlanp has 

five bi-directional communicatio~ channels, including the input and output 

infra red optical laser links 60 and 60A for communicadng with the individual 

subscriber telephone 'stations 58, as well as four separate input and outp,it 

microwave li.nlcs 62A and 628, 62C and 62D, 62B 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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either from one of the subscriber stations 58 or via the microwave links to 

adjac:ent local stations 54A and S4B. 

In view of the variation in the distance between the different local stations 

54A and S4B, all signals do not arrive a.t 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 stadons 58 

via the opti<:al link ·60 are in synchronisation with the transmitted signals as 

they Use th~ same synchronising bytes to control their timing. Cousequently, . 

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 'ITL format. 

The pole exchange 54 is divided i_nto 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 aH 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. privileges for higher rate). together with ·other information 

which has been uploaded from the system controller 64. This info~ation 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 
,. :,t 

relayed to the system controller 64. · 

A voice synthesi7.er 92A is controlled by the database controller 88. and is 

~to broad~t messages and instructions to tho individual subscn"bers, such 

as information on their available credit. The database. controller. 88 also 

conttols 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 rnap of the locations. of all the pole 

exchanges. seived "r the system eontroller 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 instru~tions 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 sel~ Some of the ~mmands received in the command bytes 

are referred to. the d~tabase controller 88, which. interprets the desired 

instruction .and issues command$ 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 conttoller 90. The 

relevant data is routed through a cross·bar switch 96 under the control of the 

cross-bar conn;oller 90 onto the relevant user, via a data latch 97 and a 

pBrallel·to-series shift register 97A. . A synchronisation generator 97C 

synchronizes the outpUt data, and an output coding circuit 970 is located on 

the output optical link 60A, which will presently be described in more ~erail. 

AS the database controller 88 has no· direct contact with the subscriber 

stations, and as the comma.rid .processor 90 requires data under the control of 
. . 

the database controller ·8& there is substantial intcrac:don between these two 

microprocessor$. 

Referring now to Figure 7, and as was d~bed in an earlier embodiment 

witli refeten~ tQ Figure .3. each data. frame 98 comprises three 

synchronisation bits 100, a command bfte 102 ~d siXteeri bytes lM which are 

allocated to voice channels. The data frame 98 is transmitted sequentially at 

a data transfer rate of 1.112 Mbits s•1 
•. I The Cl'QSS•bar controller 90 is able to 
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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 transmissiqn either to one of the subscriber 

stations or to one· of ~e 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 f1FO portion 106A and a data latch 106B. The data is clocked into 

the buffer 106 by me&;nS 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 w~rd, which is then passed on to tbe data base 

controller 88 or the cross-bar controller 90 for interpretation. The remaining · 

sixteen bytes 104 are then resoned via the eross-bar switch 96 for re­

transmission via output data frames ltOA and 110B one frame later. The 

controllers 88 or 90 attach any command that thoy wish to be sent with eadl 

outgoing· data frame. The database controller 88 may also issue modifying 

instructions to the cr9ss-bar controller 90 providing for re-routing. 

Tbe 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·mntains address 

insuucdons 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, 

th~eby 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 

ihe current ~ta is to be stored. 

By way of example, and with reference to Figure 4, a conversation exists 

between two subscribers Qr remote subscriber stations 119A and 1198 which 

are linked to one ~other via microwave linlcs 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 I2 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". Channel 0 link LS represents the fifth physical 

address of the dual port RAM 114. A bit counter 120, which is driven by th<': 
clock 108, on reading the number five, will simultaneously· ~cess the fifth . 

physical address of the ·dual pon RAM 114, in which a t\velve is .store~ and 

ihe 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 lhe address set 114. 

Once the counter 120 has progressed to tl:Je twelfth addreu location, tbe data 
. . 

"BB" previously stored in the RAM data set 116 is then· transferred to the 

outpUt data la~ 97E, and the data "AA", which bas 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 

sYncbr.onisadoncomponents 124 both ofwhicb are dori\!ed synchronously from 

the common synchronisation generator 97C as well as the_ command latch 94. 

Multiploxe~ 128 moves between the synchronisation components 124, the 

comm~d latches 94 and the data latch 97B and 9717 to build up the relevant 
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data frames llOA and 1108 via the parallel·to-serial shift registers 97A for 

transmitting on to the next pole exchange. 

'llJe Telgbog 

Referring now to Figure 8, the telephone, or subscriber station SS comprises 

a roof-mounted laser pair including a laser ~mitter 132 ·and a laser 

receiver 134. A microprocessor-based controllOi: 136 is at the heart of tbe 

telephone 58. Serial data from the receiver laser 134 is converted into 

parallel Conn 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 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 check& 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 coiinter is therefore adjusted until 

it is synchronised to receive frame synchronising bits. In a worst· case 

scenario, it will take 135 frames to gain ~Jllchronicity. Once the· bit 

synchroni"sation circuit 140 is synchronised to the receive frame, it transmits 

a valid synchronisation signal to the micro-controll~r 136 via a valid 

syn~nisadon line 144, in r~ponse to which the controller 136 swu 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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line 150 ·when ·the correct voice channel is received. Digiw signals from the 

receiver voice channel latch 148 are converted by means of digital-to-analogue 

· drcuitry 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-c·ontroller 136 . 

. If the micro-contr~ller 136 ·needs to send a command ward to the pole 

exc~gc S4, it puts a comman~ ~e onto the cc>mmand 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 enable~ 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 fonn to the transmit laser 132 by means of a cl~k 

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 p<>Wering 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 i~ 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 us~d for dialling, and the to~e gen~rator 156, which provides the 

necessuy rin& 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·mountcd 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 poie 'exchange 54, which 

transmits and receives voice channels to use in the respective receive and 

transuiit ~es. Voice output data travels from a hand~t microphone 180 

to· analogue-to-digital circuitry 182. which them drives a voice input line 184 

of ·the multiplexer 160. The micro-controller 136 then set& the input line of 

the multipl~er 162 to the voice input line 134, and latehes the voice.data into 

the transmit latch 162 . When the correct time slot for the transmit voice 

channel occurs, the micro-controUcr 136 enables transmission of the parallel­

to·serial convenor 166, and the voi~ byte is then sent in serial form from the 

transmit laser 132. When no data is being tranSmitted; tho 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 ~yment office 69. At t~e payment office, all the subscriber's personal 

details are enter~, and an account is opened bearing the u~que identification 

number 172 of the telephone, and credited with the amount that the 

subM;rlber 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 DlllSS storage device 74. 

lb, subscriber then returns to)lis village with his newly purchased telephone, 
. . 

and inst8.lls it, which includes the step of. mounting tho laser transmitter 132 

and the laser receiver 134 on his rot'.>f in line of sight with tbe 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 opticaI 

•. 

0 
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link has been established~ . This is acknowledged by the local station 

transmitting an aclcnowledgement signal to the subscriber &tadon, in response 

to which the subscriber station transmits its unique identification nµmber. 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 characteris~c three digit local station number into a six 

digit telephone number, which is stared ln 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 ~ntered via the payment 

·office ·64. Provided that the oonsumer 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 ~onnation to all 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 

· detennine the routing of a call via a number of different routes. so that in the 

event of one route being disabled 9r overloaded, an alternative route can be 

found. 

If a subscri1:1er moves his. place nf residence, he merely takes the telephone 
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with him. Provided he inoves within the same local ~change area, he will not 

have to contact the payment office. Naturally, if he is still within t.he same 
footprint 56, then he needs to take no further action. However, if he moves 

into a footprint covered by a different local station, be 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. 

~ a subscriber moves to a different exchange area. he will have to notify his 

local payment office, whjch wm refund his outstanding credit. On reaching 

the new local exchange area. he·then goes through the p~cess of installing his 

telephone by initially visiting the n~arest 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 54A 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 

conuoller 88, which perfonns 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 tennin~ted. On passing the test, tho caller's phone is 

then allocated a channel to use and is allowed to proceed with the call. The 

databa5e controller 88 may tb~n a.c;tivate the voice synthesizez; and sends tho 
,. .. 

· ai)propriate credit information down to the telephone 58 in its assigned 

channel. 

The command prc>cessQr 90 receives a number. to be called. tho structure of 

which determines whether it is a local call or· a Ql).1 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 giveri an engaged signal and 

the call is terminated. If a telephone responds. that _it Can accept a ~ 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 cr~dit of the 

caller. If .the credit drops to below zero,. then the database controller a8 will 

infonn the command processor 90 to interrupt the call and to terminate the 

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

processor 90 terminates the connection and informs the dat&base controller 

88 that _the call has ended. The remaining credit balance of tbe 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, th~ command processor 90 _will send out 
. . 

the request on one of its exteinal links 62 or 66, as. i~ det~rmined by the 

routing database 93. The targeted remote area exchange then interrogates the 

phone being called,. assigns a. chan_nel to it, if it is available, and repons back 

this information to the call originadng 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 e~gaged tone is sent to the calling phone and 

the call will be terminated. 

Incoming uaffic is analysed to check whether the local exchange area·. is ~ 

. 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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the phone to be called is interrogated in the manner described, a cliannel is 

assigned to it and the connection is set up in the cross-bar switc:h 96. Calls 

between local and ·remote areas only require one voice channel, as up to 

· sixteen c:alls can be accommodated at any one time if they are all of this type. 

In the event of a number of subscribers all ·staning 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. ~ach 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 solf .. 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 siations.. Furthennore, if a new pole exchange is added, then the system 

controller will automatically update its map of the entire network and 
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 ~e stolen phone i$ totally inoperable. 

iii1ii1Ui 
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A ·~ajor advantage of the telecommunications network of the invention is that 

it avoids the need for an expensive copper-wired network with the network 

hUrastructuro. and maintenance problems associated. tberowith. ·The optical 

links between the subscriber siations and the pole exchanges do not employ 

critical cotnponents, as would be die cue 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 S4, the telephone network can be customised to. suit the 

li.npiage 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 tho supplier should a fault arise. The re-routin~ facility allows . 

faulty or overworked pole exchanges to be bypassed. 

The optical link established between each local station and tho individual 

. sub~criber 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 corpora~e envitonment in whi~ radia~ sources can 

be located in eaCh room and a person is able to ~c around the building 

carrying a subscriber station which ·has a particular telephone numb~r and an · 

ID nwtme~ assOdated ·therewith. The various telephone. messages ~e 
radiated in a multiplex fashion from every room into the volume of that room.· 

The telecommunications system can therefore support up to sixteen corporate 

convenati~ns through the PABX irrespective of the locations of tbe various 

usen. It i$ envisaged that this will be a loss 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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g.AIMS 

1. A method of establishing a: telecommunications network 

comprising the steps of: 

2. 

a) providing a network of local stations joined to one 

another by telecommunications links: 

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

pluraliJY of subscriber stations, each subscriber station_ 

having a unique code ; 

c) establishing subscriber telecommunications links between 
. . . 

the subscriber stations and their associated local station; 

d) . managing the operation of the network usilig a system 

controller: . 

e) establishing, at the system controller, a system controller 

database incorporating a network map, subscriber and 

. local stati~n data; 

t) establi.shing associated local databases at each of the 

local stations; and 

g) continuously and automatically updating the various 

. da~ases via the ne~ork in response to a change· on the 

coofi~tion of the networ~ 

A mothod according to claim 1 in whieh the change in the 

configuration of tho network lncl~des th~ addition, subtraction or relocation 

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

3. A method according to either one of the. preceding daims which. 

' ' .. 
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includes ·the step of automatically alloca~ng. 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 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. 

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

entering, at a payment station, the unique identity number of a telephone, and 

personal identity inf~nnation of the associated sub~ber, 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 S which includes· 

the· step ()f allocating a s~tion identification code ·to each local station, and 

using this tdendficadon code as a component of the telephon~ numbers which · 

are allocated to each subscriber station in the associated cluster. . · 

7. . A m~tbod according to any one of tbe preceding claims which 

includes the step of using the netw0rk map to dete~ine 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 stadons .being temporarily disabled. due to 

·. 
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overloading or tho like. 

8. A method according to any one of the preceding claims which 

includes the step of intcrfaci~g the telecommunications network with a 

conventional telephone network via the ~')'Stem controller and/or the local 

stations. 

9. A ~~thod 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 

rlfSt 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 

c) 

d) 

thereof for synchronising a command data frame at the 

local station with a reply data frame at the subscriber 

stations; 

transmitting the characteristic signal via an optical link 
-~ 

from the local station to a plµrality of subscriber stations · 

in the vicinity of tho local station, at least one of which 

is the second subscriber stadon; 

positively identifying the characteiistic signal at the 

second remote subscriber station and retransmitting to 

the central station a signal representative of tho second 

. . 

. ·, 
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subscriber station; and 

e) allocating at the ·1oca1 station a c0mmunjcations channel . 

for establishing a voice-based telecommuntcadons link 

between the first and second subscriber stations. 

11. A telecommunicati9ns network comprising: 

·. 

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

associated local station identification code, and a local 

database; 

b) a plurality o! tel.ecommunications links joining the local 

stations; 

c) a plurality of· subscriber stations arranged in clusters · 

around· each local statio~ each subscriber station having 

a unique identification code; 

a plurality _of wireless subscriber telecommunicationi 

links joining the subscriber stations to· their 85$0ciated 

local station; 

e) a system controller for managing the operation of .the 

f) 

' . 

network. the system controller in.Cluding a system 

eontroller database incorporating a network map, 
subscriber and local station data; and 

updating meam for continuously and automatically 

updating the various databases via the . ne~k in 

response to .a chang~ in the configuration of the network. 

12. A telecommunications network according to claim 11 in which 
. . . . 

the updating means include$ .allocating m~ for automatically allocating a 

telephone number to a subscriber stat.ion on joining the network, once the 

. .. 
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subscriber telecommunications link has been established. 

13. A telocommunic!ltions network according to either one of the 

preceding claims which includes r-0uting 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, an~ ·re-roudng means for re-routing a cal1 via 

alternative local stations in the eveni of one of the selected local stations 

being temporarily disabled. 

14. A telecoinmunications network accord~g to claim 11 in which 

the allocating means focludes a database controller at the local station for 

receiving the unique code from each subscriber station, f~ 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 

11to14 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 ~e telephone. .· 

.. 

.. 
16. ·A telecommunications network aecording.to any one of d~ms 

11 to 15 in which the subscriber telecommunications links are opdcal links, 
. . . . 

and t1:1e subscriber _stations are clustered in lin~f-sight around the local 

·stadons~ 

17 . A local ~tation forming pilft of a telecommunications network, 
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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 

subsaiber teleconununicadons 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 foi: 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 network· map, subscribe~ and local station 

data; 

d) 

e) 

a database controller for ·controlling the database; and 

selector metmS for selecting communication paths 

between incoming and outgoing links. 

18. A local station acc;ording to· claim 17 in whi~b tbe selector 

means includes a crosS-bar switch and a cross-bar controll~r for controlling the 

switch. 

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

indudes inp~t synchronising means for separately synchronising incoming ~ta 

from the telecommunications links, and output synchronising means for 

simultaneously synchronising outgoing. ~ta. 

20. · A subscriber station for incorporation into a teleeoinmunications 

network, the subscriber station includb1g a telephone comprising: 

. ·~ ~ 
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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 lilie·of -sight with a local station; and 

d) clock regeneration, frame and bit synchronisation . 
circuiny for controlling the timing and synchronisation of 

data frames receh,ed and transinitted via the respective 

laser receiver and transmitter, and being arranged to 

select and to receive frame synchronising bit. 

The micro.oeontroller being responsive to the bit syrichronisation circuitrY and 

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

voice channel being received from an input data frame. 


