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5 CASE NO: A24362 

The present invention re.l~;tes to a radio system, and 

in particular, though not exclusively, to a 

10 quasi-synchrpnous radio system./ 

15 

20 

25 

30 

A simplified example of a quasi-synchronous, 

bi-directional radio system' is shown schematically in 

Fi-qure l, where a com:rol centre 1 is connected by fixed 

links (A, B, C, D) to transceiver (sometimes referred to as 

transmitt~r) sites 2,3,4,5. The system of this example is 

bi-directional permit'ti:ng two· .way communication between a 

mobile 6.. and . the c ont=ol centre •. · 1 vi a the t'rans cei vers. 

In a 

(transceiver} 

quasi-synchronous 

sites all radiate 
,--:·· 

nominally the same radio channel. 
·.· 

system transmitter 

the same signal on 

Such systems are 

suitable for 'Hide area coverac;J:~ over a limited number of 

radio channels, sometimes only .a single channel, and so are 

often adopted by police, fire a.gd ·-similar utility services. 

Geographical considerations··· and transmitter power 

restrictions, for example, dtten mean that it is not 

possible .:to achieve coverage·\9£ ··the area served by such 

services with a single t:ransJii.:L,tter site, so the multiple 

transmitter .site configuratiorii:_; pf a quasi-synchronous or 

synchronous radio system is ap~-:Z"qpriate. 
In a ~uasi-synchronous .,.5'·~~-tem the radio·· · frequency 

carriers are within a few Hert~ '-of each other, whi1e the 

modulation imposed on the carr:~$[¢..'_remains synchronous. This 
..... /~· . 

is necessary because in regiO~'>where the coverage of two 

neighbouring . transmitters ove·±-.i.~p, a mobile wil._l receive 

35 signals from both transmitters:Y::-w·In such circumstances the 

two signals must be suffici~htly synchronous not to 

destructively interfere. In··.~:; synchronous radio system 

where the ~:ignals radiated ·. :f:;.om all transmitters are 
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iden~ical i~ all respect:s and in par~:!.cular are transmit~ed 

on t:he same ==equency, ~!:.e same ci:cumstances may occur. 

!n a quasi-synchronous radio syst:em the necessary 

accuracy of =adio carr:!.er fr~q:uency can be provided by 

using accurat:e _ovened oscillato~s at: the transmitters. The 

synchronisat:ion of the - m.Qdulated signals between 

neighbouring ~=ansmitters =equlres, typically, an accuracy 

of: 

AM systems: maximum amplitude differential 3dB 

~O ~aximum phase differential 300 

.Or 0. 018fO - _ 

-;.vhichever is greater 

(worst case 50 microseconds L 

FM systems: ~aximum amplitude dif!erential 2dB 

!. : maximum phase dif.ferential 100 or O. 007fo 

whicheve.r is great:er 

(worst case 20 mic;oseconds) 

To achieve this degree of matching it is necessary 

that the amplitude and phase transfer functions of fixed 

20 links between the control cE!!fitre and its transmitters 

differ by no ~ore than these limits across the audio band 

30 

35 

-
( 300Hz-3400Hz). · One solution>:to this problem i:s to use 

-
fixed radio links between the control centre and the 

transmitters at eith~r VHF or microwave frequencies. These 

introduce constant delay and ca'n be equalised relatively_ 

easily for any differences in th,~i.r path lengths. Analogue 

land lines have also been used~. ··but equalisation becomes 

more of a problem·and perfo.rman~e can be poor. 

It would be· advantageous itfa>·''b~ able to use a digital 

data network to provide th~·· links, for example the 

Me9astream (registered t.rade' ma.rk) service offered by 

British Telecom .which provides·, customers with 2. 048Mb/s 

digital. paths b,etween pairs o;·>sites. Other examples of 

di9i tal data networks which coUld be used are ICilostream 

(registered t.rz:id.e mark) and ISDN (Integrated Services 
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Digital Network). 3y coJ:l:pecting appropriate multiplexers 

at each end, the digi ta~ .bearer can be used to carry a 

,,ariety of. traffic, .:.ncll,lding digital coded audio signals. 

In gene;;J:!'al wit·h such digital data networks the connection 

5 is not diz:ect:, but: is p.:;-9vided through a trunk network, 

with· customer access being via a local · exchange. A 

characteristic of such ne~works is that traffic can reach 

its de.stinat:ion via more ·than one route, and the network 

has the. ability to re-route traffic to accommodate 

10 equipme·nt: failures, traffic fluctuations, etc. 

15 

T~s_ dynamic re-routi:n,g facility is such that there is 

an unce?(tainty in the propagation delay which will be 

experienced by a signal travelling between two network 

terminations. The varia"t;ion can be of the order of 

millisec:onds which therefo.z-e, apparently, 

possibility of using .. such networks 

quasi-synchronous· radio directly. 

rules 

to 

out any 

support 

Accor.ding to a first a~pect the invention provides a 
.. 

radio system comprising : a.' central source of signals fo.r 

20 transmission; a plurality ·of radio transmitters, each 

·connected t~ the central soµrce by a digital data transfer 
. . 

link each. h,avinq a respective transfer delay; means for 

injecting :in.~o a channel of _.a transfer link a test signal 
·; .... ·· 

at intended.predetermined ti~es, means for determininq the 

25 travel time .. of the test sigri.~i over a link by establishing 

the difference between aril.val time and the intended 

predetermin~d time of transmt~sion, and means for adjusting 

the transf~r delay to at lea~t one of the transmitters to 
-~· ; . .. 

equalise th.e transfer delays ·to the transmitters, so that 
. . 

JO signals from the central sourq:~ can .be transmitted from the 

trans mi tt~rs ·substantially i#'.time synchronism, 

characterised in that t:her~' is correction means for 

measuring a transmit de~:aY between the intended 

predeterini~!!(;./:· transmission ti)ne and the actual time of 

35 transmissi,oi;.·9t the test sign~~:, and for sendinq the length 
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of the transmit delay over the transfer link, so that the 

adjustment of t.::-ansfer delay can be corrected to take 

account of the i:ransmit delay. 

Preferred embodiments of the invention will now be 

5 described by -:.ray of example and with reference to the 

accompanying drawings wherein: 

:igure ! is a general schematic diagram of a 

simplified example of a quasi-synchronous radio s.ystem; 

Figure 2 is a schematic block diagram of a 

10 quasi-synchronous radio system of the preferred embodiment 

of the inven'C'i.on;_ 

Figure 3 is a timing diagram - illustrating the 

operation of the system of Figure 2; 

Refering to Figure 2, the system of the preferred 

15 embodiment has a control centre 10, which is a source of 

and destina'Cion for -signals, connected to a multiplexer 

A(51) and thence to a digital data network 52, shown 

exemplarily as a 2Mb/s Megastream network. Also connected 

to the data ne~work are further.multiplexers (Mux) B, c, D 

20 and E(56) at transmitters 13, 14, 15 & 16 at various 

_geographical locations. A test signal -source 54, with 

associated clock 55, is also connected via the multiplexer 

51 to the digLtal data :ietwo'rk 52. The digital data 

net:work 52, serves·_ four transdni tters sites 53, each of 

25 which has a res·pective multiple:Jcer 56, an output of whicll 

is connected 'to a variable delei.,Y line 57 which in turn is 

connected to a respective site'.; transmitter, and a delay 
._;.. .. 

measuring unit 58 with associat~d_clock 59, which unit is 

connected to receive an output from the respective 

30 mu! tiplexer 56 and connected tC? provide a control output to 

the respective variable delay l:ine 57. 

The operation of the system will now be described in 

general terms. .:~n analogue sig'nal i·s fed over the digital 

network 52 to' the various sites 13 to 16. These 

35 . transmissions are multiplexed on the 2. 048Mbps digital data 
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stream (ie. :-teqastream), which· cpnnects each multiplexer in 

the network. The pai:h length ~'.between each site and the 

con'Crol cent:e will ~1ary accord.ing to the path taken. 

The preferred embodiment of the invention works to 

correc'C for these path differences, as follows. At 

pre-defined intervals, such as the start of every minute or 

every second, the test signal .•·source 54 at the control 

centre 10 site applies a test signal (either analogue or 

digital) to the four test channels, 1-4. At each 
. . I 

transmitter site the time of arrival of the test signal is 

identified, and the correspondi:n9 propagation time from the 

control centre is determined. , :Additional delays are then 

built into the respective sign~; paths at each transmitter 

site, such that the aggregate:: :aelay between the control 

1: centre and any transmitter is the same. 

The maximum delay through 'digital networks is defined, 

and the aggregate delay would be: chosen to accomodate this. 

Thus, for example, if the max:i.'ifium delay through the data 

network were known to be 8ms, an aggregate delay of lOms 

20 might be appropriate. Then if the delay to multiplexer 2 

was 3ms, · T2 would be set as 7ms,- etc. 

This- measurement and com~~nsation process would be 

repeated at regular intervals to· accomodate any ·changes in 

propagation delay brought about by re-routing within the 

25 digital data network. 

The operation of the prefefl:ed embodiment will now be 

described in greater detail with}:reference to figure 3. The 

clock 55, associated with the ·:d,oritrol centre 10, and each 

of the clocks 59, at the f~rious transmitter sites, 

30 synchronously generate a pidecise time marker, shown 

respectively as 60 and 61 in ,figure 6, at predetermined 

intervals, eq every minute ol:, :every second. The time 

marker is a pulse of 20µs durat;ion. 

As soon as possible f ollo~~nq the generation of the 

35 time marker, for example at the sta.rt of the next clock 
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cycle, a test; ·signal is trans,mitted !:>y the test signal 

source 54 to ea_ph of the t:ransm~t-:er sites via the digital 

data :ietwork :;5?·· '!'he delay ~etween occurrence at the 

control cent!:e 10 of the time marker 60 and the start of 

transmission o-f the test signal is ter:ned the "transmit" 

delay. The transmission of the.' test signal is fol:).owed by 

a transmission 'from the control centre to each of the 

transmitter sites of the length <(:>f the t:ansmi t delay. This 

information is .transmitted by means of a data packet 

10 comprising a 1~ 'bit _header forming the test signal followed 

by an 8 bit fi$ld.contain±ng the value of the length of the 

transmit delay.· 

~t each transmitter site at the instant local time 

marker 61 is generated the delay measuring unit 58 starts 

2.5 a ti:ner. The~.~ timers measure the delay before the test 

signal arrives -~.t eacn site, and this measured delay is the 

propagation delay of the data . network pl us the transmit 

delay as shown in figure 3. 
·. . .. 

In ordei; t:6 determine the propagation delay itself the 

20 delay measuring . unit 58 awaits the transmission of the 

_length of th~( transmit delay,: which follows each test 

signal, and· t:h~IJ, subtracts this transmit delay· from the 

measured delax. 

"'= ""-

30 

It is i?ii~e:if.t.ant for an acd;urate determination of the 

propagation ·.~:~la~· that the tr~nsmit delay is included in 

the delay cal~~l.~tion because :~he generation of the time 

markers is unli~t:tly to be synchronous with the di qi tal data 

network. T~ci.:S .· ~eans that no"t< ta.king the transmit delay 

into account ~()ufd result in a.tf error in the propagation 

delay Gf up to .'.o~e bit period -~~ the test signal channel 
· .. :_ .; ; 

e. g. if the tes't' signal was "t;~nsmi tted via a 64k bi t/s 
:· . ~ . 

channel this would be 15. 625•µ~; which is a significant 
-:·:-·./:.:;<;· .... 

error. 

Having a.(:~iirately measured the _propaqation delay of 

35 the digital < .. ~~~a network to· each transmitter site, 
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additional d~lays are then inserted into each signal path 

by each of ~!'le delay lines 5 7 al: the tra~smi tter sites. 

These additional delays are calculated by each delay 

measuring unit 58 so as to give a total delay between the 

5 control cem:_:e and each transmitter .of a predetermined 

value (this ~alue being the same at each transmitter site) 

which is known to exceed the longest possible trans fer 

delay of the network. 

The additional delays inserted by the delay lines can 

1 O be generated by any convenient method but are preferable 

generated-by.passing the digital voice samples carried by 

the data network thr?ugh a shift register which operates at 

a constant rate, but whose length can be varied according 

to the delay required. Thus, for example if the shift 

15 re9ist-er ope~ated at 1 MHz, a delay of N11s could be 

introduced :by passing all audio signal samples through N 

stages of the shift register. 

The descri}:)ed embodiment employs separate channels for 

user data and the test signal. Alternatively, the same 

channel could ·be used for both by using time di vision 

multiplexing of that channel. In this case the transmit 

delay would, significantly, be the period between 

occurrence of the time marker and the time slot for the 

test signal. 

The time ~milrkers 60, 61 can be generated by clocks 59 

whose synchronism is maintained by any convenient method, 

but are preferable generated by clocks whose synchronism is 

maintained vi'a ,.a global positioning satellite (GPS). 

··-·--··----·---- - ----­---·--··---- -. - ···----· 
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1. According to a first aspect the invention provides a 

radio system comprising: a central-source of ·signals for 

t=ansmission; a plurality of radio transmitters, each 

connected to ~he cen~=al source by a digital data transfer 

link each having a respecti ·.re t:ans fer delay; means for 

injecting into a channel of a transfer link a test signal 

at intended predetermined tfmes, means for determining the 

travel time of the test signal over a link by establishing 

the difference between grrival time and the intended 

predetermined time of transmission, and means for adjusting 

the tr~nsfer delay to at least one of the transmitters to 

equalise the transfer delays to the transmitters, so t~at 

signals from the central source can be transmitted from the 

transmitters subs~antially in time synchronism, 

characterised in that there is correction means for 

measuring a transmit delay between the intended 

predetermined transmission time and the actual time of 

transmission of the test signal, and for sending the length 

of the transmit delay over the transfer link, so that the 

adjustment of transfer delay can be corrected· to take 

account of the t=ansmit delay. 

2. A radio system as claimed in claim 1, wherein the 

means for adjusting is operable to adjust the delay of each 

of the transfer links to be at least equal to the longest 

transfer delay of the system. 

3. A radio system as claimed in claim 1 wherein the means 

for adjusting is operable to adjust the d~lay of each of 

the transfer links to be equal to a predetermined l~mit. 

J 1U111111HHI~ 1111111111 
'' ···* C, ·' -.L'• ·· , .. M. _; .... s.·. -''·* .·.· .. · 
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4. A .:-adio. system as claimed in claim 3", in which the 

predet:ermined limit is greater' than the lonqest trans fer 

delay of the system. 

5. A .:-adio system as claim~d in any previous claim, 

wherein the delay adjusting means comprises a variable 

lenqth shift .:-egister. 

6;- A radio system as claimed in claim 5 wherein the shift 

reqister operates at a constant rate. 

7. A radio system a-s claimed in any precedinq claim 

wherein_each of the central so\l'rce and radio transmitters 

has a clock for generating time markers at the intended 

predetermined tiM.es. 

8. A radio system as claimed· in claim 7 wherein each of 

the clocks is maintained in sy-rtchronism with each of the 

other clocks via a global posi t'ioninq satellite. 

9. A radio system as claimed i.J:i claim 7 or 8 wherein the 

correctio.n means comprises means·'for measurinq the transmit 

delay between the generation ;of a time marker and the 

transmission of the test signal~ 

10. A radio system as 

wherein the lenqth of the 

: .. ·.-:. 

claim~a· in any preceding claim 
. '~ . :·. 

trans~i; delay is measured at the 

control centre and is trans mi tt!i!d::to the transmitters after 

the test signal. 

11. A quasi-synchronous bi-di'rectional radio system for 
..·· .. ~: ;· . : .. 

communicating with a mohi.le sta:tl;on comprising: 

a control centre for ~.ci\frcinq signals to, and 

receiving signals from, mobile:./stations; a plurality of 

outlyinq transceivers for relayi~9' the signals between the 
'7-·- :'· .·· ..... 

> 1111111111111111111 11111 11111r: · 
·. '* .. t ... L · M S: : •>· 

: -::::~.<:-.;::.. ::_i 



This:SheetHas Been Rep.laced 

l~illllll"llllll llll Ill llll --

- 10 -

control cem:.:e and the mobile stations; for each 

transcei ·1er a respect:i ve link cormectinq the control centre 

and the transceiver, and a delai equalizer for equalizinq 

the delay in trans fer of signals from the control centre 

over the links .to the transceivers so that the transceivers 

transmit signals in quasi-synchronism or in sychro~sm. 

12. .rl. method of operat:ing a radio system in which a siqnal 

for transmission is disseminated from a central source to 

a plurality of transmitters at separate sites, comprising 

the steps of:"" 

(a) 

from the 

and 

(b) 

one ·of 

times. 

determining the time of transfer of the siqnal 

ceni:.:al source to each ·of the transmitter sites, 

delaying the transfer of the signal to at least 

the transmitters, to equalize the transmission 

13. A radio syst:em substantially as herein described, and 

with .:eference to the drawings. 

14. A quasi-s_ynchronous radio system substantially as 

herein described, and with reference to the accompanyinq 

drawings. 

:: 

15. A method of operating a racii,o system substantially as 

herein described, and with rate.fence to the accompanying 

drawings. 

;_,. 
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