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[57] ABSTRACT 
A process for the pseudo-synchronization of a time 
multiplexing communication network comprises the 
steps of measuring a time shift TM in reception by a 
mobile station of synchronization signals from ?rst and 
second ?xed stations, measuring the propagation times 
t1 and t2 of a synchronization signal between the ?xed 
stations and the mobile station, and calculating the 
transmission time shift TR between the synchronization 
signals in accordance with the relationship 

4’612’594 9/l986 Yamaura et a1‘ TR=TM+t1 —t2. The pseudo-synchronization pro 
4,613,951 9/1986 Chu ........................ ._ 370/108 1 b 1 d f h. n 1 t. 
4,694,453 9/1987 Kobayashi et a1 ............ .. 370/13 “559m”? “mp Oye 0’ geogmp ‘ca y 0” mga 
4,709,401 11/1987 Akerberg ................. .. 455/51 moblle 5mm‘ 

4,800,560 l/l989 Aokietal. 370/1041 
4,812,852 3/1989 Bent et a1. ........................... .. 355/51 5 Claims, 1 Drawing Sheet 

FIXED 
f STATION 1 

F1 . ‘1 M 
l 
| 
1 

TR : 
l . 

FIXED Fj 
- STATION J ‘*1 

FIXED l 
f STATION 2 1 

F2 1 | 
l l 

‘L I FlXED _ i 
------- -- STATION 1 ---—-——-l 

Fi 



5,128,925 July 7, 1992 US. Patent 

FIXED 
f STATIONl A 41 

FIXED 

STATION j ‘V 

l 
I 
I 
I 

_| FIXED _ 

STATION 1 r——-——— 

.L t 

F1 

FIXED 
f STATlON 2 

F2 
l 
' y 

l____________ 



5,128,925 
1 

PROCESS FOR THE 
PSEUDO-SYNCHRONIZATION OF A TIME 

MULTIPLEXING COMMUNICATION NETWORK 
AND USES THEREOF 

BACKGROUND OF THE INVENTION 

The present invention concerns a process for the 
pseudo-synchronization of a time multiplexing commu 
nication network, and uses of that process for example 
in radiotelephony, for the synchronization of a mobile 
station with a ?xed station upon transfer from a commu 
nication between the mobile station and a ?rst ?xed 
station to a‘communication between the mobile station 
and a second ?xed station, or for geographically locat 
ing a mobile station either by ?xed stations or by the 
mobile station itself. 
There are time multiplexing radiocommunication 

networks which comprise a series of ?xed stations 
which are individually synchronized with one or more 
mobile stations by means of timing signals. Time multi 
plexing assumes that each of the mobile stations which 
is in communication with a ?xed station has time win 
dows during which it can transmit its messages to the 
?xed station. In order to synchronize message transmis 
sions by the mobile station with the moments at which 
the corresponding time window is available at the ?xed 
station, the ?xed station emits synchronization signals 
which permit it to measure the propagation time of a 
signal between that station and the mobile station and in 
consequence to control the transmission means of the 
mobile station. 

In the most general case, the ?xed stations are not 
synchronized with each other so that, when the mobile 
station moves and in consequence has to switch over 
from communication with one ?xed station to commu 
nication with another ?xed station, it is then necessary 
to effect synchronization of the mobile station with the 
new ?xed station in order to be able to ensure communi 
cation therebetween in the proper time window. In 
another respect, in the case of a radiotelephony net 
work, synchronization of the mobile station with the 
?xed station is achieved by passing the synchronization 
signals over the channel serving for the telephone com 
munication itself, so the conversation between two 
users is interrupted during the synchronization time. 
While synchronization of the ?xed stations with each 

other has been envisaged, in order to be able to effect 
the transfer of a communication from one ?xed station 
to another without interrupting an ongoing telephone 
conversation, synchronizing ?xed stations with each 
other in that way is extremely burdensome and cannot 
be guaranteed to be achieved in a precise fashion in the 
case of a network covering a large area, by virtue of the 
possible accumulation of errors resulting from synchro 
nization of the stations in a chain or sequential mode. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a 

process for the pseudo-synchronization of a time multi 
plexing communication network, which makes it possi 
ble to reduce the time involved in synchronization of a 
mobile station with a ?xed station. 
Another object of the present invention is to provide 

a time multiplexing communication network pseudo 
synchronization process which does not involve sub 
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2 
stantially increasing the installation and operating costs 
of the network. 

Still another object of the invention is to provide a 
process for geographically locating a mobile station, 
which operates in a simple but reliable manner involv 
ing station pseudo-synchronization. 
These and other objects are attained by a process for 

the pseudo-synchronization of a time multiplexing ra 
diocommunication network comprising a series of ?xed 
stations individually synchronized with mobile stations 
by means of timing signals, comprising the following 
steps: measuring the time shift or lag TMij in reception 
by a mobile station of synchronization signals from ?rst 
and second ?xed stations, measuring the propagation 
time ti, tj of a synchronization signal from the ?rst and 
second ?xed stations to the mobile station, and calculat 
ing the time shift or lag TRij in transmission between 
the synchronization signals from the ?rst and second 
?xed stations in accordance with the relationship: 
TRij=TMij+ti—tj. 

Thus, using means which are already available in 
relation to a time multiplexing communication network, 
the invention provides information which makes it pos 
sible to ascertain the time shift in respect of the trans 
mission of synchronization signals from a second ?xed 
station with respect to a ?rst ?xed station. 

In accordance with a ?rst application of the pseudo 
synchronization process according to the invention, the 
transmission time shift TR is used in a process for the 
synchronization of a mobile station with a ?xed station 
upon transfer of a communication between the mobile 
station and a ?rst ?xed station to a communication be 
tween the mobile station and a second ?xed station, 
comprising the following steps: transmitting to the mo 
bile station the previously calculated transmission time 
shift TRij between the synchronization signals from the 
?rst and second ?xed stations and the propagation time 
ti of the synchronization signal from the ?rst ?xed sta 
tion to the mobile station, measuringthe reception time 
shift TMij between the synchronization signals from the 
?rst and second ?xed stations, calculating the propaga 
tion time tj of the synchronization signal from the sec 
ond ?xed station to the mobile station, in accordance 
with the relationship: tj=ti—TRij+TMij, and control 
ling the transmission from the mobile station to the 
second ?xed station in dependence on the propagation 
time tj and the transmission time shift TRij. 
Thus the mobile station determines the time at which 

it must transmit towards the second ?xed station with 
out waiting until it has received the ?rst synchroniza 
tion signal from the second ?xed station. 

Preferably the process for the synchronization of a 
mobile station with a ?xed station, according to the 
invention, further comprises the following steps: send 
ing to the second ?xed station a signal TMij+ti which 
is equal to the sum of the measured reception time shift 
TMij and the received propagation time ti, measuring at 
the second ?xed station the propagation time tj of the 
synchronization signal from the second ?xed station to 
the mobile station, subtracting same from the received 
sum and storingthe result TRij obtained. 

Thus, in each transfer of communication between 
two ?xed stations, the information relating to the trans 
mission time shift TR is updated in one of the ?xed 
stations in order to use it in the following transfer in the 
opposite direction in conjunction with the movements 
of one of the mobile stations in the network. ' 
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In accordance with another use of the invention, the 
process for the pseudo-synchronization of the network 
is used in a process for geographically locating a mobile 
station, comprising the following steps: transmitting to a 
?rst ?xed station a value measured at the mobile station 
in respect of the reception time shift TMij of the syn 
chronization signals from the ?rst and at least one sec 
ond ?xed station, measuring at the ?rst ?xed station the 
propagation time ti of the synchronization signal from 
the ?rst ?xed station to the mobile station, calculating at 
the ?rst ?xed station the propagation time tj of the 
synchronization signal from the second ?xed stations to 
the mobile station using the transmission time shift TRij 
stored from a preceding calculation, in accordance with 
the relationship: tj=TMij+ti—TRij, and calculating 
the position of the mobile station from the propagation 
times ti and tj and geographical co-ordinates of the ?rst 
?xed station and the second ?xed stations. 

Thus, knowing the position of the mobile station 
makes it possible to take decisions such as for example 
the time of transfer of the telephone communimttion 
between a ?xed station and the mobile station, to a 
telephone communication between another ?xed station 
and the mobile station. 

In accordance with yet another use of the pseudo 
synchronization process according to the invention, it is 
used in a process for geographically locating a mobile 
station by itself comprising the following steps: trans 
mitting to the mobile station the geographical co-ordi 
nates of a series of ?xed stations and the transmission 
time shifts TRij of the ?xed stations between each other, 
measuring at the mobile station the reception time shifts 
TMij of the synchronization signals from pairs of ?xed 
stations, calculating the differences in propagation times 
ti-tj from the ?xed stations to the mobile station, in 
accordance with the relationship: ti—tj=TRij—TMij, 
and calculating the position of the mobile station from 
the geographical co-ordinates of the ?xed stations and 
the propagation time differences. 
Thus the mobile station can by itself determine its 

geographical location and use that information, for 
example for centering a map in the framework of a 
guide arrangement assisted by automatic cartography. 

Other objects, features and advantages of the inven 
tion will be apparent from the following description of 
preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

The single FIGURE of the accompanying drawing is 
a diagrammatic view of part of _a time multiplexing 
radiocommunication network operating in accordance 
with the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In per se known manner the network comprises a 
series of ?xed stations F1, F2 . . . Fi . . . Fj . . . , which 

are distributed over an area which is to be covered by 
the network. The network also comprises a series of 
mobile stations M, for example vehicles ?tted with a 
radiotelephone, only one thereof being shown in the 
drawing. 
Each of the ?xed stations periodically transmits syn~ 

chronization signals whose time for propagation to a 
mobile station is respectively indicated at t1, t2 . . . , ti . 

. . tj . . . . 

When a communication is established for the trans 
mission of a telephone conversation, the mobile station 
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4 
is in communication with one of the ?xed stations and 
the communication is transferred to another ?xed sta 
tion when the need therefor arises as a result of move- ‘_ 
ments of the mobile station, the time of the transfer 
being determined in known manner by the ?xed station 
with which the mobile station is communicating. When 
the mobile station is in communication with a ?xed 
station, it receives the synchronization signals there 
from and immediately re-transmits to that station a re 
sponse signal so that the ?xed station determines the 
time involved in propagation of the signal to the mobile 
station and informs the mobile station of that propaga 
tion time in order to advance or retard the time of trans 
mission of the telephone message transmitted by the 
mobile station, in order that the telephone message is 
received by the ?xed station at the moment at which it 
has a reception time window allocated to the mobile 
station in question. In parallel therewith, although the 
other ?xed stations also transmit synchronization sig 
nals to the mobile station, they do not receive any re 
turn signal from the mobile station and they are there 
fore not able to measure either the time involved in 
propagation of their own synchronization signal to the 
mobile station, or the time shift or lapse which separates 
them from the adjoining ?xed stations. 

In the existing systems, when a communication be 
tween a ?xed station, for example F1, and the mobile 
station, M is transferred in order for communication to 
be estabhlished between another ?xed station, for exam 
ple F2, and the mobile station, it is therefore necessary 
to wait for F2 to have calculated the propagation time 
t2 and to have noti?ed the mobile station M thereof, 
before it is possible to continue with transmission of the 
telephone message. Although that interruption is very 
short (approximately a quarter of a second), it is none 
theless perceptible from the point of view of users. 
The process for the pseudo-synchronization of the 

?xed stations will now be described simultaneously 
with the process for the synchronization of a mobile 
station with a ?xed station when transferring a commu 
nication, by virtue of the joint operation of those two 
processes in the preferred embodiment. The following 
description will be set forth in relation to the transfer of 
a communication from the ?xed station F1 to the ?xed 
station F2 although that transfer may take place in the 
same manner between any two stations of the network, 
which are disposed in the proximity of the mobile sta 
tion. 

In accordance withthe invention it is provided that 
from time to time the mobile station goes into a mode of 
listening for synchronization signals coming from the 
neighbouring ?xed stations to whicha transfer may 
occur. It will be noted that that listening mode may be 
for an extremely short period of time since, from the 
point of view of the mobile station, and it involves sim 
ply noting the movment of reception of a synchroniza 
tion signal coming from a ?xed station with which it is 
not in communication, and not ' receiving a message 
informing it of the time involved in propagation of that 
synchronization signal. 

In‘ the situation envisaged herein, the mobile station 
M is-in communication with the ?xed station F1 and 
from time to time goes into the mode of listening for the 
synchronization signal coming from the ?xed station 
F2. It will be appreciated that in parallel it receives the 
synchronisation signal from the ?xed station F1. The 
mobile station M thus effects measurement of the recep 
tion time shift or lag TM between the synchronization 
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signals coming from the station F1 and the synchroniza 
tion signals coming from the station F2. That value of 
TM is updated each time that the measurement opera 
tion is performed so that it is up-to-date when a commu 
nication is transferred from F1 to F2. 
Upon transfer of the communication from F1 to F2, 

the ?xed station F1 sends a transfer message to the 
mobile station, indicating to it, on the one hand, the new 
?xed station with which the mobile station is going to 
be communicating, and, on the other hand, the transmis 
sion time shift or lag TR between the moments of trans 
mission of the synchronization signals by the stations F1 
and F2, that transmission time shift TR having been 
calculated by the station F1 at a preceding transfer, as 
will be seen hereinafter. As the mobile station M has in 
its memory the parameter TM which it measures from 
time to time, t1 which has been periodically communi 
cated to the mobile station by the station F1, and TR 
which is communicated to the mobile station by the 
station F] at the moment of the transfer, the mobile 
station M is capable of calculating t2 by means of the 
relationship t2=TM+t1-TR, and therefore determin 
ing the moment of transmission of the ?rst telephone 
message to the station F2 without waiting to receive 
from F2 the information concerning the precise value of 
the time t2. Once the communication has been estab 
lished, the ?xed station F2 sends to the mobile station M 
the information concerning the actual value of t2 and a 
correction is then progressively effected in accordance 
with the usual cycle. 

Simultaneously with the communication being 
switched over to the new ?xed station F2, the mobile 
station M transmits to the ?xed station F2 the value of 
the reception time shift or lag TM and the value of the 
last propagation time t1 of which it was aware. As it is 
in a position to measure the propagation time t2, the 
?xed station F2 can therefore calculate the transmission 
time shift TR at the moment of the transfer by applying 
the relationship TR=TM+t1-t2, and store that value 
in respect of the transmission time shift TR in order 
subsequently to inform a mobile station thereof when 
effecting a transfer of communication from the ?xed 
station F2 to the ?xed station F]. In practice, in order to 
minimize the time for which the telephone communica 
tion is interrupted, the mobile station M preferably 
sends the ?xed station F2 a single message giving it the 
value TM+t1. 

It is found that, in the preferred embodiment of the 
invention, a ?xed station is informed about the transmis 
sion time shift TR in relation to another ?xed station, 
only in the event of a transfer of communication from 
that ?xed station. That embodiment of the invention is 
preferred as it avoids excessively frequent interruption 
in the telephone conversation. In a situation in which 
the value of the transmission time shift TR is too old to 
permit synchronization which can be anticipated as 
being effective, the network reverts to the usual proce 
dure which involves waiting for the synchronization 
signal from the new ?xed station. 
The pseudo-synchronization process according to the 

invention can also be used in a process for geographi 
cally locating a mobile station by a ?xed station. In that 
case the mobile station transmits to a ?rst ?xed station, 
for example the ?xed station Fi, a value measured at the 
mobile station in respect of the reception time shift 
TMij of the synchronization signals coming from the 
?xed station Pi and a second ?xed station Fj. 
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6 
In addition, the procedure comprises measuring at 

the ?xed station Fi the time ti involved in propagation 
of the synchronization signal from the ?xed station Fi to 
the mobile station M. It is then possible at the ?xed 
station Fi to calculate the value tj of the propagation 
time of the synchronization signal from the ?xed station 
Fj to the mobile station M, using the transmission time 
shift TRij stored at the ?xed station Fi from a preceding 
calculation, in accordance with the following relation 
ship: tj=TMij+ti-TRij, and then calculating the geo 
graphical position of the mobile station, employing the 
usual algorithms for locating a mobile point on the basis 
of knowledge of the co-ordinates of two ?xed points 
and the distance separating those ?xed points from the 
mobile point. In order to achieve a greater degree of 
precision in locating the mobile station, the distance of 
the mobile station with respect to more than two ?xed 
stations is calculated by reiterating the above process. 
Knowledge of the position of the mobile station can be 
used in particular for deciding on the time of transfer of 
a communication from one ?xed station to another ?xed 
station. 

It will be appreciated that the invention is not limited 
to the embodiments described and that modi?cations 
may be made therein without thereby departing from 
the scope of the invention. In particular the combina 
tion of geographical location and radiocommunications 
may be used for a service for searching for lost persons 
who simply carry a small portable transmitter-receiver 
which makes it possible to locate them by using the 
stations which are normally employed for radiocom 
muncation purposes. 
We claim: 
1. A process for the pseudo-synchronization of a time 

multiplexing communication network comprising a 
series of ?xed stations . . . Fi . . . Fj . . . individually and 

serially synchronized with mobile stations by means of 
synchronization signals, including the following steps: 
measuring at a mobile station M the time shift TMij in 
reception by said mobile station M of synchronization 
signals from a ?rst ?xed station Fi and a second ?xed 
station Fj, measuring at the ?rst ?xed station Fi the 
propagation time ti of a synchronization signal from the 
?rst ?xed station to the mobile station M, propagation 
time ti from the ?rst ?xed station Fi to the mobile sta 
tion M, transmitting the time shift TMij and the propa 
gation time ti from the mobile station M to the second 
?xed station Fj, measuring at the second ?xed station Fj 
the propagation time tj of a synchronization signal from 
the second ?xed station Fj to the mobile station M, and 
calculating and storing at the second ?xed station the 
time shift TRij in transmission between. the synchroni 
zation signals from the first and second ?xed stations in 
accordance with the relationship: TRij=TMij+ti-tj. 

2. A process for the synchronization of a mobile sta 
tion with the ?xed station when transferring a commu 
nication between a mobile station and a ?rst of the ?xed 
stations to a communication between the mobile station 
and a second of the ?xed stations in which the pseudo 
synchronization process as set forth in claim 1 has been 
previously conducted, including the following steps: 
transmitting to the mobile station the previously calcu 
lated transmission time shift TRij between the synchro 
nization signals from the ?rst and second ?xed stations 
and the propagation time ti of the synchronization sig 
nal from the ?rst ?xed station to the mobile station, 
measuring at the mobile station a reception time shift 
TMij between the synchronization signals from the‘?rst 
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and second ?xed stations, calculating at the mobile 
station the propagation time tj of the synchronization 
signal from the second ?xed station to the mobile sta 
tion, in accordance with the relationship: tj=ti— 
TRij+TMii and controlling at the mobile station trans 
mission from the mobile station to the second ?xed 
station in dependence on the propagation time ti and the 
transmission time shift TRij. 

3. A process asset forth in claim 2 which further 
comprises the step of sending from the mobile station to 
the second ?xed station a signal TMij+ti equal to the 
sum of the measured reception time shift TMij and the 
received propagation time ti, measuring at the second 
?xed station the propagation time tj of the synchroniza 
tion signal from the second ?xed station to the mobile 
station, subtracting tj from the received sum, and stor 
ing the result TRij so obtained. 

4. A process for geographically locating a mobile 
station of a time multiplexing communication network 
in which a pseudo-synchronization process as set forth 
in claim 1 has been previously conducted, including the 
following steps: transmitting to a ?rst ?xed station a 
value measured at the mobile station of the reception 
time shift TMij in respect of the synchronization signals 
from a ?rst station and at least one second ?xed station, 
measuring at the ?rst ?xed station the propagation‘time 
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8 
ti of the synchronization signal from the ?rst ?xed sta 
tion to the mobile station, calculating at the ?rst ?xed 
station the propagation time tj of the synchronization 
signal from said at least one second ?xed station to the 
mobile station using the transmission time shift TRij 
stored in a preceding calculation, in accordance with 
the relationship: tj=TMij+ti-—TRij, and calculating 
the position of the mobile station from the propagation 
times ti and ti and geographical co-ordinates of the ?rst 
?xed station and said at least one second ?xed station. 

5. A process for geographically locating a mobile 
station of a time multiplexing communication network 
in which the synchronization process of claim 1 has 
previously been conducted including the following 
steps: transmitting to a mobile station the geographical 
co-ordinates of a plurality of ?xed stations and the trans 
mission time shifts TRij of the ?xed stations relative to 
each other, measuring at the mobile station the recep 
tion time shifts TMi j of the synchronization signals from 
respective pairs of ?xed stations, calculating the differ 
ences in propagation times ti-tj from the ?xed stations 
to the mobile station in accordance with the relationship 
ti-tj=TRij-TMij, and calculating the position of the 
mobile station from the geographical co-ordinates of 
the ?xed stations and the propagation time differences. 

i t i i i 
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