REPLACEMENT SHEET ¢« e 11iWethod ki

apd arrangenent for data transni ssion. . LT T . The ln\rentlon
relates t of transmtting data froma pl urallty of sub-
"to a mai n(%;ﬁg{]ﬁi‘)ﬂg%y way of a conmon chaniel whi ch i s subdi vi ded ﬁf@éﬁg%
- slots the_le nd synchroni zati on of, whi ch being determ ned b
~ correspond ﬁg arra.r%éement?rdaata snns\ggn J 4809232-2
\ pos o
-This Sheet Has Been Replaced

L IIII I |II

The invention relates to a method of transmitting data from a plurality of

sub-stations to a main station by way of a common channel which is subdivided into
time slots the length and synchronization of which being determined by a corresponding
time slot distribution of a data transmission signal transmitted by the main station, each

5  sub-station having in each time slot a predetermined probability p to transmit a data
packet. '

' A method of this type is known by the name of slotted ALOHA and is
described, for example, in ;:he book entitled "Computer Networks" by Andrew S.
Tanenbaum, Prentice/Hall International Editions, Chapter 6, p. 253 ff. With this known

10  method a sub-station sends a data packet which has a time length essentially
corresponding to the time length of a time slot in a basically rahdqm time slot to the
main station. Such a cofnmunicaﬁon link to the main station will henceforth be
referenced uplink. There is also a communication link from the main station to the sub-
stations, which will hehceform be referenced downlink. The carrier fréquency used for

15 the downlink differs from the carrier frequency used for the uplink and is continuously
monitored by all the active sub-stations. According to the known method the signal
received by the main station is amplified and retransmitted, while the retransmitted

. signal may be received by all the active sub-stations, but is basically intended for only
one specific sub-station. The transmitting sub-station too receives the data backet

20 retransmitted by the main station and compares the data packet with its previously
transmitted data packet. On the basis of the result of this comparison the sub-station
determines whether the previously transmitted data packet has correctly been received \
and retransmitted by the main station, in which case a new data packet is transmitted, or
transmission is stopped if no new data packet is present, or if an error situation occurs

25  in which case the previously transrhitted data packet is retransmitted.

A next transniission of a data packet, whether this is again the already
transnutted data packet or a new data packet, is effected in a random time slot relative

.. .tothe prevmusly used time slot the dlstance in time between the previously used time
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but is basically intended for only one specific sub-station. The
t r ansmi data pgckats moratintensively, mwhichi causes ageductionofcthetuser efficiency (denoted

by the English term of throughput and expressed in the number _ot' data bits received

10  correctly per second via a communication chamiel divided by the maximum number of
data bits that can be transmitted per second vig that communication channel) of the
communication channel. On‘the other hand, it will be obvious that when the sub-stations
transmit less intensively, the probability of- "colliding" data packets will be lower, it is
true, but a reduction of the throughput of the communication channel may then occur as

15  a result of reduced channel employment. The communication channel therefore has an
optimum transmit load with a maximum throughput of about 37% (¢f. for example,
page 256 of above-mentioned publication).

| The throughput in practice of the communication channel will generally
be lower than this maximum. An important reason for this is that with the known

20 method the probability p is to be relatively small in order to ensure that the system is

| not "clogged" by messages to be transmitted even in the statistically improbable but not
impossible case of the load of the communication channel being temporarily much
larger than the average load.

It is an object of the invention to improve the known method in general.’

25 It is a further object of the invention to improve the known method, so
that the communication channel throughput occurring in practice is increased and is, in
essence, equal to the maximum throughput.

For this purpose, the method according to the invention is characterized,
in that the main station monitors the load of the communication channel and compares

30 this load ivith an optimum load and, on the basis of the result of this comparison,

transmits control instructions to the sub-stations for modifying said probability p in
response to the load of the communication channel, and in that each sub-station
" accordingly modifies the probability p in response to receiving said control instructions.
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REPLACEMENT SHEET  Eig, 2 schemaucally shows a road system;
Fig. 3 shows a time diagram of an uplink signal and a downlink signal;
Fig. 4 shows a curve representing the relationship between the
instantaneous throughput and the instantaneous transmission load of a communication
signal when the prior- thod is used; and
10 Figs. SA-C show examples of the way in which the separate bits of a
probability adjustmeniTommand may be distributed over various time slots.

. The invention is pre-eminently suitable for use in a traffic navigation
system known per se and will therefore be discussed hereinafter by way of illustrative -
example in conjunction with a traffic navigation system in which a main station 1

15 continuously sends out navigation information for a plurality of vehicles 2 located in a
coverage area of the main station 1, no more than a single vehicle being represented in
Fig. 1, and the vehicles comprising each a sub-station 3 with a navigation computer 4.
The navigation computer 4 which is represented outside the vehicle 2 for clarity in Fig.
1 but is generally naturally on board the vehicle 2, comprises a static memory 5, for

20 example a CD ROM, in which basic data are stored relating to the road system in at

. least said coverage area. Furthermore, the navigation computer 4 comprises an input
element 6, for example a keyboard, by which a user may input data relating to, for

. example, his point of departure and his destination. On the basis 6f, for example, the

| point of departure, the destination and the basic data of the road system stored in the

25 memory 5, the navigation computer 4 computes the route to be followed and informs
the user of this route via a display device 7. The display device 7 may comprise, for
example, a picture screen and/or a loudspeaker through which instructions may be given
to the user. '

 Auxiliary information is transmitted by the main station 1 by way of the

30  downlink. The auxiliary information relates to situations differing from the situations
stored in the memory 5. An example of such a different situation may be, for example,
a road closed to traffic due to an accident or works, or a newly opened road. Another
example is the situation in which there is a tailback on a specific road.
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is true, but_ a reduction of t he throu hput of the conmuni cation channel nmay

t hen occurecém thesauxiliary informationgagh sub-station 3/ haman asmial 2Qand an daterfane
channel t Qf for aansih i aﬁme received information to the navigation computer 4. In the
10  navigation computer 4 of the vehicle 2 it is then determined which auxiliary information
relates to the route to be followed by that vehicle 2 and, possibly, the route to be
’ followed is adapted to the current situation. |
- A limiting factor of the reliability of such a traffic navigation system is
the speed with which such auxiliary information is adapted to changing current
1-5  situation. For example, when there is an accident it is important that the auxiliary

information is adapted immediately, on the one hand, for the other road users to avoid
delay and, on the other hand, generally for avoiding tailbacks being formed on the road,
so that emergency services can reach the place of the accident very fast.
For improving the reliability of the described prior-art traffic navigation
20  system, according to an important aspect of the present traffic navigation system, each
sub-station 3 transmits to the main station 1 information relating to the accessibility of a
section just covered by the vehicle 2 concerned. This information about the accessibility
. ' of the section generally relates to the average speed with which a specific section can be
covered but may also relate, for example, to temperature in connection with the chance
25  of black ice. _ .
| Fig. 2 diagrammatically shows a part of a road system 10 on which a
vehicle 2 moves from a point of departure A to a destination B. The road system 10 is
subdivided into sections 11 in a predetermined manner The manner in which this
subdivision has taken place is not important for a proper understanding of this invention
30 and will therefore not be further described. It should only be observed, however, that
this subdivision need not be identical with the subdivision obtained from crossroads 12
of roads 13.
Always when the vehicle 2 leaves a section 11, the navigation computer
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this conparison, transnits control instructions to the sub-stations for

nmodi fying sai d proliashduld bebserved that producing and transmitting such messages may
also be effected when the driver of the vehicle 2 does not make use of the navigation

10  system as such, that is to say, is not guided by the navigation computer 4 for the
selection of his route.

It will be obvmus that in practice the relevant section 11 will be driven
by a plurality of vehicles 2, so that the main station 1 receives a plurality of
independent "measurements” relating to the average speed or travelling time which is

15 apparently feasible in the section 11.
| It will also be obvious that a delay in the data packet production and data
packet transmission of the order of several seconds or even minutes is acceptable.
Although such a delay is to be considered considerable in communication technology,
and unacceptable for example for relaying telephone conversations, a time scale of

20 several seconds may be considered “direct” for passmg on traffic information.

The nature of the contents of the message even permits the total loss of
several messages: for this matter, the main station 1 receives a plurality of messages
relating to the same section 11, whereas the contents of such a message, though
extremely useful, are only to be considered auxiliary information.

25 For completeness’ sake it should be observed that a data packet may also
contain information of a different type. For example, a taxi or a goods transport vehicle
may send information relating to its location to the main station 1, in which case the
main station 1 acts as a relay station for sending this information to a central station of
the relevant taxi or haulage business. A vehicle 2 may also transmit an emergency

30 meesage, for example, if this vehicle 2 is involved in an accident.

Fig. 3 shows a time diagram of the transmission of a message by a sub-
station 3 while an embodiment of a data transmission protocol according to the
invention is utilized.
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for example in satellite communication, the data packet I received by the main station 1
in above example of a navigation system is not relayed, but processed by the main
station 1 itself. In that case the main station 1 is arranged for detecting whether the
received data packet I is received correctly or in a disturbed manner, an example of the
disturbed reception being given in the case where two sub-stations transmit a data
packet in the same time slot. For detecting whether the reception is correct or disturbed,
each data packet may comprise check bits.

By way of illustration there will now be a brief description of such a
detection. If the main station 1 does not detect any signal s&ength of the uplink carrier
frequency in a specific time.‘ slot, the main station deduces that none of the sub-stations
has. transmitted a data packet in this time slot. If the main station 1 does detect signal
strength of the uplink carrier frequency in a specific time slot, the main station 1

‘performs a check procedure with the aid of the check bits. Depending on the result of

this check procedure the main station deduces whether the data packet has been received
correctly or not. '

In the time slot n+1, subsequent to the time slot n, the main station 1
transmits a data packet D intended for all the active sub-stations 3 (downlink), in which

data packet D at least a single data bit is indicative of the receive condition of the data

packet I received in the time slot n. On the basis of the value of this receive condition
b1t said sub-station 3 decides whether a next data packet II to be transmitted is to be
again the data packet I transmitted in the time siot n, when the receive condition bit
received in the time slot n+1 is indicative of a disturbed reception, or whether the next
data packet II to be transmitted may be a second data packet.

It should be observed that the manner in which the data bits of the data
packets are coded is not relevant to a proper understanding of the preseat invention, so

- that a further description of this coding will be omitted here.

Neither is it important for a proper implementation of the method

‘according to the present invention how many data bits a data packet contains and what

position the receive condition bit has in the data packets to be transmitted by the main
station 1. By way of example, each data packet D to be transmitted by the mam station
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Furthernore, the navigation conputer 4 conprises_ an input )
packet II, time slot n+3 in the example illustrated in Fig. 3, is not known in advance

10  and the time distance between two consecutive time slots in which the sub-station 3
transmits a data packet will constantly change. In this connection it should only be
observed that the probability of the next data packet still not being transmitted in time
slot n+1+x is equal to (p") forx = 1.

After the transmission of the second data packet the above-described
15 cycle again takes place until the last data packet of said message has been transmitted
(and received correctly). |
With the method described above there is an advantage that no
transmission time in the downlink needs to be spent on repeating the received data
packets, whereas yet a "reception acknowledgement” can be transmitted to each
20 receiver. It should be considered that such a "reception acknowledgement” will only
mean something to the sub-station that has transmitted a data packet during the
preceding time slot. | | .
A further improvement is obtained if a receive condition bit is also used
for reserving a next time slot for the relevant sub-station. As already observed
25 hereinbefore, the "reception acknowledgement” is only of importance to a sub-station
that transmitted a data packet during a preceding time slot and the reserved time siot
will only be reserved for said sub-station. In an embodiment a receive condition bit
indicative of a correct reception and transmitted in time slot n+1 implies a reservation
of the time slot n+2 for the relevant sub-station. Starting from the time slot n+2 the
30 sub-station can constantly transmit in the time slots n+2, n+4, n+6 etc., a receive
condition bit being transmitted by the main station in the time slots n+3, n+35 and n+7
etc. Since all the other stations receive the receive condition bit in the time slots n+1,
"'n+3, n+5, n+7 etc. and, if this is indicative of a correct reception, understand that the
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simply stop transmitting. The main station then receives no signal in the relevant time

slot n and reacts to the suspended reception by transmitting a receive condition bit

indicative of a disturbed reception, so that the time slot n+2 becomes available for use
10 to any sub-station.

It will be evident that the instantaneous load of the uplink communication
channel is propomonal to p and to the number of sub-stations that attempt to transmit a
message. As is known, the mstantaneous throughput of the uplink communication
channel depends on its instantaneous load as shown by the curve of Fig. 4 (¢f. Fig. 6.3

15 of said publication). A measure for the instantaneous throughput is provided by the
average number of data packets correctly received per time unit divided by the
maximum number of data packets that can be transmitted over the relevant uplink
communication channel during that time unit. Since the latter number for the
communication channel concerned is a constant value, said division may be omitted.

20 On the basis of the instantaneous throughput, as is represented by the
at/erage number of data packets received correctly per unit of time, in each substation

“the probability p is adapted according to the invention so as to obtain an optimum load
of the relevant communication channel, that is to say, a load for which the instantaneous
throughput is, though approximately, equal to the maximum attainable throughput of

25 about 37%.

Such an adaptation may be carried out by each sub-station when the main
station transmits to all the active sub-stations a predetermined number of bits, preferably
two, in predetermined time slots, for example in each time slot, for controlling the
adjustment of the probability p in each sub-station. In addition, in a simple case the

30  contents of the probability adjustment bits may be indicative of either the command "do
not change” or the command "increase”, or the command "reduce’, while the
instantaneous value of the probability p is increased or reduced respectively, by a
predetermined value when an “increase” command or a "reduce” command is received.
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value when a probability adjustment command represented by the probability adjustment
bits is received. _

It should be observed that it 'may be desirable to use a relatively large
number of probability adjustment bits to make a rather accurate adjustment of ‘the

_ probability p over a relatively large range of values possible. It is true, all the

probability adjustment bits may be transmitted again in each time slot, so that in each
time slot an adjustment of the transmit probability.of the sub-stations 3 is possible, but

- this will restrict the number of free information bits that may be transmitted by the main

station in each time slot. According to an aspect of the invention, however, it is
likewise possible to spread out the successive probability adjustment bits over a plurality
of time slots, it even being possible that in each time slot not more than a single one of
the probability adjustment bits is transmitted. This does restrict the "frequency” with
which probability adjustment is possible, but it will not be unacceptable in practice.

An example of a protocol for transmitting probability adjustment
commands will now be discussed with reference to Fig. 5.

Fig. SA shows, as does Fig. 3; the send signal of the main station in a
plurality of successive time slots.

Fig. 5B more specifically shows the structure of a data packet transmitted

in a single time slot: a predetermined number of message bits B preceded by a
| predetermined number of sync bits A and followed by a predetermined number of check

bits C. Although Fig. 3 represents the send signals belonging to the different time slots
as ‘separate blocks for clarity, which suggests that they are separated by a "signal gap”,
a continuous send signal may be transmitted in practice while the actual separation in
time slots is realised by the sync bits A. The manner in which the values of the separate
bits are coded by the carrier is unimportant for a proper understanding of the invention
and will be known per se to an expert, so that this will not be discussed any further.

In the example illustrated in Fig. 5 the third message bit is a probabilit'y
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manner . Hecsetrbsatweeni (0 andiOc1024hwith a resolution of 0.0001. The probagility bits, however,
may also refer to a Table of values for the probability p, which Table is present in the
10 memory of each sub-station. If the number of probability bits is equal to 10, this Table

may comprise 1024 preselected possible absolute values of the probability p, while the

‘ differences between consecutive possible absolute values of the probability p need not
be equal. | é
To provide a good distinction between the header bits and the probability
15  bits, and to ensure that not a single combination of a number of header bits with a
number of subsequent probability bits or a combination of a number probability bits
with a number of subsequent header bits may erroneously be interpreted as the header,
the number of header bits is preferred to be greater than the number of probability bits.
For example, when the number of above probability bits is equal to 10, the number of
20  header bits is equal to 15 and the header has the value of 001010101010100.
During a sampling time interval the main station 1 investigates for each
time slot in that time interval which of the following situations occurs in a specific time

interval:
1) the time slot is empty, that is to say, none of the sub-stations has
25 transmitted a data packet;

2) a data packet has been received correctly in the time slot;

3) a data packet has not been received correctly in the time slot, which is
most probably caused by a "collision” between at least two concurrently
transmitted data packets. - '

30 During this operation the main station 1 counts how often said situations

1), 2) and 3) occur in the sampling time interval. It should be observed that ideally a
fixed average percentage of time slots will be empty (37%), a fixed percentage of time

slots will exhibit correct reception (37%) and a fixed percentage of collisions will occur
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su_bdi yi sion has taken place is not inportantTHi®hesdHRBERephdtder st andi ng of

this invention and will therefore not be fu-rtgﬂﬂllﬁm Hmm It -should only
be obser that this subdivisjpon n 'tical ith the
subdi vi S&S&‘&&*ﬁ%ed from crossroads 12 ro 04%1‘9/& S
when the vehicle 2 | eaves a section 11, the navi gatlon cor{guter

5 pr §26%3s Whencthedgad onrthe cammynication-ebanee) lsm E3Ny, tthe prEcentagatdft y of
the section 11. CO%O&nﬁfb%%%mer x%I he avel eofggo(iﬁgoﬁlpwxﬁ ravel | i ng

tinme respe
greater than 26%, whereas in the case of a smaller throughput than 37% as a result of

the communication channel being used too little, the percentage of empty time slots will
5 be greater than 37% and the percentage of collisions will be smaller than 26%. By
comparing the measured percentages with the ideal percentages, the main station 1
determines whether the load of the communication channel differs from the ideal load
and to what extent, and on the basis thereof the main station 1 decides whether the
probabxhty p is to be changed and to what extent.
10 - It should be observed that the messages to be transmitted may be
classified in various categories and that the probability p may be different for messages
) of different categories. For gxample, in addition to above messages relating to section
| information (to be termed category I hereinafter), also messages intended for a haulage
business and relating to the localization of the vehicle (to be termed category II
‘15 hereinafter), and emergency messages (to be termed category III hereinafter) may be
transmitted. Category IIT messages have priority over category I and II messages and,
for example, have a fixed large send probability p of 1/20.
| Category II messages may have priority over category I messages and
may also have a higher send probability. In the scope of the invention the probability
20  p(I) for category II messages can be controlled directly from the main station,
irrespective of the control of the probability p(I) for category I messages, but in a
' simple embodiment there is a fixed relationship between the probabilities p(I) and p(II)
= 10-p(T), where the probability p() is controlled from the main station as described
hereinbefore and the probability p(Il) is computed in the sub-station concerned. It
25  should be observed that not every sub-station needs to be arranged for transmitting
category II messages. '

All this implies that there is first determined in the sub-station whether
messages in the category III are to be transmitted. If so, these messages are transmitted
with the associated channel access probability p(II). If not, there is determined in the

30  sub-station whether messages in the category II are to be transmitted. If so, these
messages are transmitted with the associated channel access probability p(II). If there
are no messages to be transmitted in the II and III categories, any messages in the
category I are transmitted with the assocxated channel access probability p(I). Therefore,
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vehicle 2 has reached in the section 11, and this.nmessage.is sent to the
main station 1. Such a message may conprise various dafa packets which are

each to b jdted in a respective ti slot. Again for protecti

the pri va?ﬁﬁgw users of the traffic i gation systemthe masg)ég&hggz
general ly_has no information rel ati to the,i nt| of t he sender.

I't shoul dilbprassice it BayQegur amé%amessaseans ¥ JOXPeHeRceSes nay

vt gat 1 R SR ey, BcRt i densiifed A ‘@&fﬁkf“’%ﬁmd" BhioERTeL Bitaei on

conputer fad b S5sehRid Keretabeford, Uit Svill be ev1dent that therd Wwillno! loﬁ%er be a

obvious that in practice the rel evant section 11 W | be driven
pl uralityneéd ﬁufwectwmgzmesmesshge cotcermes aftert sometime. ﬂ'&eesubs&tmnpdnayal ity of

I ndependent ur enent Iat_ln to.the averaes eed or travelllngtlrre
whi ch ﬁﬁpﬁﬁﬁiﬁ 8936% lﬁu@&%%atﬁ.wqwa pecific message thag has glready| <o
be obvi ou [ nd dat ket

transm ssion g@,@é?&ﬁﬁ@gxgggﬁ. secbn s or ev’eﬁpe ' uf%g’ l&goggctcept abl e.

Al though sdfimittifg/saime] Suélp 4lmecsthbagitedso filates 65 &Y MessagePoNthel catddory II:

t echnol ogy,
a haulage business is generally interested in the current location of its vehicles, but not

in information about their locations of, for example, an hour previously. "Rejecting” the
10  belated messages thus reduces the load of the communication channel, which load
reduction will specifically occur when there are large delays i.e. when there is a large
.' channel load.
It will be evi:ient to the expert that it is possible to change or modify the
represented embodiment of the method according to the invention without distracting
15 from the inventive idea or scope of protection of the invention. For example, it is
possible for a data packet transmitted by the main station in a specific time slot to be
used at least partly for transmitting a complete probability adjustment command.
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and unacceptabl e for exanple for relaying teI ephone conversations, a tine
scal e of several seconds nmay be considered "direct" for passing"dontraffic
i nf or mati on. The nature of the contents of the nmessage even
permts tRHN 3348 oss of several nessagd8: for this matter, the 0%i06.1992
station 1 receives a plurality of nessages relating to the sane section 11,
wher eas tg%ents of such a nessage, though-extrenely useful, are only
to be considered auxiliary information. For conpl et eness’
sake it should be observed that a data packet najhi H@Bebmkdmabdaforrratlon
of a different type. For exanple, a taxi or a goo

send information relating to its location to the

hlcle may
i i i i i in which -
case the main station 1 acts as a relay station for sending

information to a central station of the relevant taxi or haulage busi ness.
A vehicle 2 may also transmt an enmergency nessage, for exanple, if this
vehicle 2 is involved in an accident. Fig. 3 shows a tine

di agr am o} t he tr ansMiethadoef Ean W%@ﬁj@fwﬂé lau@htxpﬁsuwtagomm a @ﬁn

ﬁtn? F?'Zggnétanon %ydv%yao{' L O3S LB WhidiCls ABSRAGT Fied BrrleSots HE rlletn'g

synchronization of which being determined by a corresponding time slot distribution of
a data transmission signal transmitted by the main station, each sub-station having in
5 each time slot a predetermined probability p to transmit a data packet, characterized in
that the main station monitors the load of the communication channel and compares this
. load with an optimum load and, on the basis of the result of this comparison, transmits
control instructions to the silb-smtions for modifying said probability p in response to -
the load of the communication channel, and in that each sub-station accordingly
10  modifies the probability p in response to receiving said control instructions.
2. Method as claimed in Claim 1, characterized in that the main station
detects in each time slot whether a data packet has been received or not in the relevant
time slot, and if so, whether the data packet received in the relevant time slot has been
received correctly or not; in that the main station for a predetermined length of time
15  counts the number of time slots in which no data packet, a correct data packet or an
incorrect data packet has been received respectively or calculates the respective
percentages; in that the main station compares the counting results or percentages with
the respective counting results or percentages as they would occur in the situation of an
optimum load of the communication channel; and in that the main station sends out said
20 control instructions on the basis of the result of this comparison.
3. Method as claimed in Claim 2, characterized in that said control
instructions incite each sub-station to increasing the instantaneous value of the
probability p if the counting result or ,the'percentage relating to the number of time slots
in which no data packet has been received exceeds at least to a predetermined extent the
25 relevant counting result or percentage in the optimum situation and/or if the counting
result or the percentage relating to the number of time slots in which an incorrect data
packet has been received is smaller at least to a predetermined extent than the relevant

S’

countmg result or percentage in the optimum situation; and in that roncnl

REPLACED
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6 In a specific time slot n thgssidbeat Bleh RBg.SeNds the

fi,rst data packer | of the nessage to the mai ' T I'ik) . Al t hough
t he inveg ' r]élt,?ﬁ?'ﬂ so applicable to the case WHEIHHHMWStaHon 1 acts
as a rel ylgt for the data packets,l4such '8l e i n0406e1992 e

communi cation, the data gacket |l received by the main station 1 in above

exanpl e HIStICHANS inciteRach gub-siatipn to gedycing thedinstantanesortsedf Bie ﬁrBBaHIH(;yn
mai n statio is arranged for detecting

[ J | f. h
whet her Pril e e trh of J5 pbrEnEe TeBHR beithesmurdt of e slotsindiwhioty bed

manner , | e ' i.n _the case where
Fo. sub- 50 L FRCKR: Has bl Kool ISAmGAERRE 12t 03 BtafielBlhen 1l e
det ect i ngeleventt foeuntiig resaitoprt peroeritages i thecsptimurdisituatidreshd/or if the counting

5  result or the percentage relating to the number of time slots in which an incorrect data

packet has been received exceeds at least to a predetermined extent the relevant
counting result or percentage in the optimum situation.
4, Method as claimed in at least one of the preceding Claims, characterized
in that the main station transmits a predetermined number of bits in predetermined time
10  slots so as to control the é.djustment of the probability p in each sub-station.
5. Method as claimed in at least one of the preceding Claims, characterized
) in that no more than one bit in each time slot operates as a bit of a probability
' adjustment command. g . :
6. Method as claimed in at least one of the preceding Claims, charécterized
15 in that the contents of the probability adjustment bits are indicative of an absolute value
of the probability p.
7. Method as claimed in at least one of the preceding Claims, characterized
in that a memory is associated to each sub-station, which memory stores a Table of
possible values of the probability p, and in that the contents of the probability
20 adjustment bits are indicative of a position in said Table of the probability p value to be
adjusted. ' .
8. Communication system comprising: a main station and at least one sub-
station, the sub-station being arranged for receiving information from the main station
as well as sending information to the main station, the main station being arranged for-
25 sending information to the sub-station as well as receiving information from the sub-
station; characterized in that the main station and the at least one sub-station are
arranged for communicating with each other while implementing the method of data
transmission as claimed in at least one of the preceding Claims. |
9. Traffic navigation system comprising: on board a vehicle at least one
30  sub-station with a navigation computer, that comprises a static memory in which road
system information is stored; a main station arranged for transmitting auxiliary
information and for receiving information from the at least one sub-station; the sub-
station being arranged for receiving said auxiliary information and for sending
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each data packet may conprise check bits. : Lo By way.:of
illustration there will now be a brief description of such-a detection. If
the main htg@ does not detect any si nal strength of the upljnk
carrier #&bﬂ in a specific time slo¥ the main station deduce061862
none of the sub-stations has transmtted a data packet in this tine slot.

|f the minformationde the main s@tionccharagerizedsin thaythe main statiopand the: at leastr

br oqedur 9 - TR H ssrereRd Toh bom i ERB bR seeltoBRF Shule iEiFmenina thes
heck i <t-at i ] . bee
check pr ofistilod Bf'difa Findiniidioh 8 LIRAH 1 S WARE BRE of Be fRbARETigim1aS been

recei ved _geyrectly or not. , subsequent
to the sI ot n, Méthodas wilithaive beed clarified ol the ®xgert dypaedmt ofthent ended
for all b€ active sub-stations 3 (downlink), in which data packet D at

| eastd a Prergringidesgription; s i ndi cative of the receive condition of the data
packet | received in the tinme slot n. On the basis of the value of this
receive condition bit said sub-station 3 decides whether a next data packet
Il to be transmitted is to be again the data packet | transmtted in the
time slot n, when the receive condition bit received in the tinme slot n+l
is indicative of a disturbed reception, or whether the next
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data packet Il to be transmtted may be a second data packet. .

It shoul d be observed that the manner in which the data bits of” the dat a
packets are coded is not relevant to a proper understanding of t he pr esent
i nventi on PHN Ih#d8 a further description 16 this coding will be 0r34.064992
her e. Neither is it inportant for a proper inplenentation of

t he net ho%m@g to the present invention how nmany data bits a data
packet contalns and what position the receive condition bit has in the data

packet s t Methodrandsarrangemhent forndatartriansmissiphon 1. By way of exanpl e, each
data packet Dto be transmtted by the main station

" In a method of data transmission from a plurality of sub-stations to a
main station over a common channel which is subdivided into time slots whose length -
and synchronization are determined by a corresponding time slot distribution of a data
transmission signal sent out by the main station, in which each sub-statiog, in each time

5 slot has a predetermined probability p of transmitting a data packet, the throughput of
’ the communication channelz is improved in 'that said probability p is adapted to the load

of the communication channel.

~0
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1 first conprises a predeterm ned nunber of "aliteérnéati-ng syrichro ~(sync)
bits and the next bit is the receive conditiion bit while, also by way of
exanple, the value "0" for the receive condition bit nmay be indicative of
a disturbed reception and the val ue 1/3 for the receive condition bit is
i ndicative of a correct reception. Wth effect fromthe
time slot n+t2 the sub-station 3 can transmt the next data packet Il. In
each tinme slot the transm ssion probability p has a predeterm ned value,"
while the probability of non-transm ssion is equal to 1-p. Yherefore, the
"nunber" of the actual tine slot in which the sub-stag#on 3|transmts the
next data packet Il, tine slot nt3 in the exanggg/kftzg?raned inFig. 3,
is not known in advance and the tine distance ween e
slots in which the sub-station 3 transmts a data packg cpnstantly
change. In this connection it should ohly be observeg_Jhat the probability
of the next data packet still not being transmtted in }i n+ 1+x is
equal to (p[err]) for x [err] 1. Af ter i ssion of
t he second data packet the above-descri i i
the | ast data packet of said nessage
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(and received correctly). Wth the nmethod descri bed above
there is an advantage that no transm ssion tinme in the dowlink needs to be
spent on repeating the received data packets, whereas yet a "reception
acknow edgenent” can be transnittedCZZ ach receiver. It should be

consi dered that such a "reception a edgenent” wll only nean sonething
to the sub-station that has transmtted a data packet during the preceding

time slot. A further inprovenent is obtained if a receive
condition bit is alsogused fgr resgrving ime slipot forythe rel evant
sub- st at iQp. %mﬁ al ready efvgdihergipbef of£3 the +fedeption
acknomﬁedggﬁe "is o Iyq%f |nportdnce tofa sub-istation that fransmjtted a

data packet during a
only be reserved for
bit indicative of a c

r ecedi
aid sulp-stati
rrect

g timg slot

on.

nd thel reservied ting slot |wll

a reckive condition
iln tine +1

sl ot
Lb- st afi on.
V trangmt
bit be} ng

n+5 anp n+7

ecepti
inplies ation theljti ne gl ot n+
Startingg?ﬁﬁﬁﬁﬁﬂg sﬂ +2 the sub-s

the tine @ n+2 n#44, n+6letc., la rece
transmtf

vant- s

at in
ve co

he sl ot

- -

the mailn statiion in{the ti

sendsignal
mainstation
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efficiency

—._r___.
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etc. Since all the other stations receive the receive condition bit in the
time slots n+ 1, n+3, n+5,

fecepti on,

been reserved for another

the uplink is improvefl, so that the probability of

r educed.

understand that the

n+2,

n+7 etc. and, if this is indicative of a correct
time slots n+2, n+4, n+6 etc. have

sub-stat|37 wi t hout know ng whi ch sub-station),
they will not transmt in the tine

dat a packet of the sub-station that
risk of colliding with other data packefs

n+6 etc., so that the

IS reaIIy transnitting does not run the
Consequently the efficiency of

i ncjorredqt reception is

bits el B

timeslot

sendsignal

mainstation

n-2in-1| n 'li;l n+2---
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When said sub-station has finished transmitti ng data p

‘relevant time slot n and reacts to the suspended recept} op—by—t+ansi-t+ nj

sinply stop transmitting. The main station then receive RE@LACEVIEMTISHEEWG

a receive condition bit indicative of a di gturbed recepfi anﬂ g%ﬁﬁég?t he
time slot n+2 beconmes avail able for use to any sub-statj oh
It will bMethadiand arrangeméens fondatantransaussion.oad of the upl FHak—eommnrieat! oh
channel is proportional to p and to the nunber of sub-stations that attem
to transmt a message. As is known, the instantaneous t '
upl i nk communi cati on channel depends on its instantaneous | ozﬂ sﬁo?ﬁ By
the curve of Fig. 4 (cf Fig. 6.3 of said -publication). A nmeas f’gc‘o

i nstant aneous throughput is provided by the average nunber of % p@éﬂg@f
correctly received per tine unit divided by the maxi num nurrber of “dat a
packets that can be transmtted over the relevant uplink cormunl cation
channel during that 44 ne _unj.t |nc 't he

comuni cation channet. %WE&#‘%B"' @‘o‘ﬁg{r@ﬂto \}Er}ﬁg&égf%% f{ﬁfguaﬂumﬁé
om tted. sub- gauo%s to a maif’3tatiof &Why offa &difimbhi Thafel WK i§ BEKUI01MRY linto?S | S

represente
time slqts the length and synchronization of which being determined by a corresponding

time slot distribution of a data transmission signal transmitted by the main station, each
sub-station having in each time slot a predetermined probability p to transmit a data
packet.

A method of this type is known by the name of slotted ALOHA and is |
described, -for example, in the book entitled "Computer Networks"” by Andrew S.
Tanenbaum, Prentice/Hall International Editions, Chapter 6, p. 253 ff. With this known
method a sub-station sends a data packet which has a time length essentially
corresponding to the time length of a time slot in a basically random time slot to the
main station. Such a communication link to the main station will henceforth be
referenced uplink. There is also a communication link from the main station to the sub-
stations, which will hénceforth be referenced downlink. The carrier frequency used for
the downlink differs from the carrier frequency used for the uplink and is continuously
monitored by all the active sub-stations. According to the known method the signal
received by the main station is amplified and retransmitted, while the retransmitted
signal may be received by all the active sub-stations, but is basically intended for only
one specific sub-station. The transmitting sub-station too receives the data packet
retransmitted by the main station and compares the data packet with its previously
transmitted data packet. On the basis ot: the result of this comparison the sub-station
determines whether the previously transmitted data packet has correctly been received
and retransinitted by the main station, in which case a new data packet is transmitted, or
transmission is sioppe;d if no new data packet is present, or if an error situation occurs
in thch case the prew)idusly transmitted data packet is retransmitted.

A next transmission of a data packet, v)heth_er this is again the already
transmitted data packet or a new data packet, is effected in 2 random time slot relative
to the previously used time slot, the distance in time between the previously used time

oo
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'average nunber of data packets received correctly per uni T leln FAR 'b. gh
substation the probability p is adapted according to the Fﬁwnﬁﬁsg%gpto

*obtain an optimum | oad of the relevant comuni cati on chg ngél , that 1i§§7t

say, a load for which the instantaneous throughput is, tlhough® MAR

approxi mately, equal to the maxi num attai nabl e throughpyt jof about 37%
Such an atstpdndt themewnsineesioedepeadingudn kaid erobability-pt ati dgn when the nain
station transmts to_all the active sub-stations a ,pre,d%rm' ned nunber—o
bits, preferably twdhe mogrigporanhranse ofianceSpp situatiopis db& RAAQITRt each ti e

lot, f Ll | he adj f th N ' :
Sub- st at ISP BY drgrpr A S Rk, e udte BB bRl h i ¥y, |
adj ust mengaRinl § HBY aRDmibifAticH 6ﬁ’&e%oeﬂlz£t§?gckéi§ rs&mmrcbri'cdﬁgﬂgj( gghﬁegﬁéinor

the command "I ncrease", or the command ' uce", while the in t aneous
val ue of stdtionprandathi$ corresponds neitheraectie ane meduodhe otepeata paskst, soythat

predeterm ned val ue when an "increase" conmmand or a "reduce" c nd_is
r ecei ved. both sub-stations are to transmit their data packets once again. it will be o%r\r'lrgaus that

the probability of such a data packet "collision" increases as the sub-stations transmit
data packets more intensively, which causes a reduction of the user efficiency (denoted
by the English term of throughput and expressed in the number of data bits received
correctly per second via a communication channel divided by the maximum number of
data bits that can be transmitted per second vig that communication channel) of the
communication channel. On the other hand, it will be obvious that when the sub-stations
transmit less intensively, the probability of "colliding" data packets will be lower, it is
true, but a reduction of the throughput of the communication channel may then occur as
a result of reduced channel employment. The communication channel therefore has an
optimum transmit load with a maximum throughput of about 37% (cf. for example,
page ﬁ56 of above-mentioned publication).

The throughput in practice of the communication channel will generally
be lower than this maximum. An important reason for this is that with the known
method the probability p is to be relatively small in order to ensure that the system is
not "clogged” by messages to be transmitted even in the statistically improbable but not
impossible case of the load of the communication channel being temporarily much
larger than the average load.

It is an object of the invention to improve the known method in general.

It is a further object of the invention to improve the known method, so -
that the communication channel throughput occurring in practice iS increased and is, in
essence, equal to the maximum throughput. |

For this purpose, the method according to the invention is characterized,
in that the main station monitors the load of the communication channel and compares
this load with an optimum load and, on the basis of the result of this comparison,
transmits control instructions to the sub-stations for modifying said probability p in
response to the load of the communication channel, and in that each sub-station

" accordingly modifies the probability p in response to receiving said control instructions.

b



I't is inpossible, however, to ensure that all the active sub stations

transmt with the same probability p, which is deenmed desf+abte—trom
-"denocratic" point of view Therefore, pref é%fzﬁ’lhﬁgt!.&lﬁw “SHEET
probability adjustnent bits transmtted bg the main statipn e-Tdircative

of an absol ute value of the probability py each sub-statibn|agtgrmin aadj y
adj usting the instapuaheo @land Hlvantagepod irbinventjorp wild} 'lg'i.gd:iéb'yuﬁe
val ue when a probability adjustnent command re res ted b ITTty
adj ust e folldwing dascmptmn obd preferred embodiment of the hat it

g?{sbfod%aghf %%ﬁ%:llég%%e@ywl aﬁ ?e nu?b@res?meﬁgﬁ?ﬂ Ty adj ust rre.nt

Fxg. 1 shows a block diagram of a main station and a sub-station;

Fig. 2 schematically shows a road system;

Fig. 3 shows a time diagram of an uplink signal and a downlink signal;

Fig. 4 shows a curve representing the relationship between the
instantaneoué throughput and the instantaneous transmission load of a communication
signal when the prior-ast method is used; and |

Figs'. 5A-C ghow examples of the way in which the separate bits of a
probability adjustment command may be distributed over various time slots.

_ . The invention is pre-eminently suitable for use in a traffic navigation
system known per se and will therefore be discussed hereinafter by way of illustrative -
example in conjunction with a traffic navigation system in which a main station 1

- continuously sends out navigation information for a plurality of vehicles 2 located in a
coverage area of the main station 1, no mofe than a single vehicle being represented in
Fig. 1, and the vehicles comprising each a sub-station 3 with a navigation computer 4.
The navigation computer 4 which is represented outside the vehicle 2 for clarity in Fig.'
1 but is generally naturally on board the vehicle 2, comprises a static memory 5, for
example a CD ROM, in which basic data are stored relating to the road system in at
least said coverage area. Furthermore, the navigation computer 4 comprises an input
element 6, for example a keyboard, by which a user may input data relating to, for
example, his point of departure and his destination. On the basis of, for example, the
point of departure, the destination and the basic data of the road system stored in the
memory 5, the navigation computer 4 computes the route to be followed and informs
the user of this route vig a display device 7. The display device 7 may comprise, for
example, a picture screen and/or a loudspeaker through which instructions may be given
to the user. '

Auxiliary information is transmitted by the main station 1 by way of the
downhnk The auxiliary information relates to situations differing from the situations
stored in the memory 5. An example of such a different situation may be, for example,
a road closed to traffic due to an accident or works, or a newly opened road. Another
example is the situation in which there is a tailback on a specific road.
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21 for transferring the received information to the navigation computer 4. In the
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navigation computer 4 of the vehicle 2 it is then determined which auxiliary information
relates to the route to be followed by that vehicle 2 and, possibly, the route to be
followed is adapted to the current situation.

A limiting factor of the reliability of such a traffic navigation system is
the speed with which such auxiliary information is adapted to changing current
situation. For example, when there is an accident it is important that the auxiliary
information is adapted immediately, on the one hand, for the other road users to avoid

. delay and, on the other hand, generally for avoiding tailbacks being formed on the road,
so that emergency services can reach the place of the accident vex;y fast.

For improving the reliability of the described prior-art traffic navigation
system, according to an important aspect of the present traffic navigation system, each
sub-station 3 transmits to the main station 1 information relating to the aécessibility of a
section just covered by the vehicle 2 concerned. This information about the accessibility
of the section generally relates to the average speed with which a specific section can be
covered but may also relate, for example, to temperature in connection with the chance
of black ice. . '

Fig. 2 diagrammatically shows a part of a road system 10 on which a
vehicle 2 moves from a point of departure A to a destination B. The road system 10 is
subdivided into sections 11 in a predetermined manner. The manner in which this
subdivision has taken place is not important for a proper understanding of this invention
and will therefore not be further described. It should only be observed, however, that
this subdivision need not be identical with the subdivision obtained from crossroads 12
of roads 13. ' | |

Always when the vehicle 2 leaves a section 11, the navigation computer
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Such a message may comprise various data packets which are each to be transmitted in

a respective time slot. Again for protection of the privacy of the users of the traffic
navigation system the message generally has no information relating to the identity of
the sender.

It should be observed that producing and transmitting such messages may
also be effected when the driver of the vehicle 2 does not make use of the navigation
system as such, that is to say, is not guided by the navigation computer 4 for the
selection of his route.

It will be obvious that in practice the relevant section 11 will be driven
by a plurality of vehicles 2, so that the main station 1 receives a plurality of
independent "measurements” relating to the average speed or travelling time which is
apparently feasible in the section 11.

It will also be obvious that a delay in the data packet producuon and data
packet transmission of the order of several seconds or even minutes is acceptable.
Although such a delay is to be considered considerable in communication technology,
and unacceptable for example for relaying telephone conversations, a time scale of
several seconds may be considered "direct" for passing on traffic information.

The nature of the contents of the message even permits the total loss of
several messages: for this matter, the main station 1 receives a plurality of messages
relating to the same section 11, whereas the contents of such a message, though
extremely useful, are only to be considered auxiliary information.

For completeness’ sake it should be observed that a data packet may also
contain information of a different type. For example, a taxi or a goods transport vehicle
may send information relating to its location to the main station 1, in which case the
main station 1 acts as a relay station for sending this information to a central station of
the relevant taxi or haulage business. A vehicle 2 may also transmit an emergency
message, for example, if this vehicle 2 is involved in an accident.

Fig. 3 shows a time diagram of the transmission of a message by a sub-
station 3 while an embodiment of a data transmission protocol according to the

invention is utilized.
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packet in the same time slot. For detecting whether the reception is correct or disturbed,
each data packet may comprise check bits.

By way of illustration there will now be a brief description of such a
detection. If the main station 1 does not detect any signal strength of the uplink carrier
frequency in a specific time slot, the main station deduces that none of the sub-stations
has transnﬁtted_a data packet in this time slot. If the main station 1 does detect signal
strength of the uplink carrier frequency in a specific time slot, the main station 1
performs a check procedure with the aid of the check bits. Depending on the result of

 this check procedure the main station deduces whether the data packet has been received
correctly or not. -

_ In the time slot n+1, subsequent to the time slot 0, the main station 1

_ transmits a data packet D intended for all the active sub-stations 3 (downlink), in which
data packet D at least a single data bit is indicative of the receive condition of the data
packet I received in the time slot n. On the basis of the value of this receive condition
bit said sub-station 3 decides whether a next data packet II to be transmitted is to be
again the data packet I transmitted in the time slot n, when the receive condition bit
received in the time slot n+1 is indicative of a disturbed reception, or whether the next .
data packet II to be transmitted may be a second data packet.

It should be observed that the manner in which the data bits of the data
packets are coded is not relevant to a proper understanding of the present invention, so
that a further description of this coding will be omitted here.

Neither is it important for a proper implementation of the method
according to the present invention how many data bits a data packet contains and what
position the receive condition bit has in the data packets to be transmitted by the main
station 1. By way of example, each data packet D to be transmitted by the main station
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"number” of the actual time slot in which the sub-station 3 transmits the next data

packet II, time slot n+3 in the example illustrated in Fig. 3, is not known in advance
and the time distance between two consecutive time slots in which the sub-station 3
transmits a data packet will constantly change. In this connection it should only be
observed that the probability of the next data packet still not being transmitted in time
slot n+1+x is equal to (p*) for x 2 1.

After the transmission of the second data packet the above-described
cycle again takes place until the last data packet of said message has been transmitted
(and received correctly).

With the method described above there is an advantage that no
transmission time in the downlink needs to be spent on repeating the réceived data
packets, whereas yet a "reception acknowledgement” can be transmitted to each
receiver. It should be considered that such a "reception acknowledgement” will only
mean something to the sub-station that has transmitted a data packet during the

_preceding time slot.

A further improvement is obtained if a receive condition bit is also used
for reserving a next time slot for the relevant sub-station. As already observed
hereinbefore, the "reception acknowledgement” is only of importance to a sub-station

that transmitted a data packet during a precediﬁg time slot and the reserved time slot
will only be reserved for said sub-station. In an embodiment a receive condition bit
indicative of a correct reception and transmitted in time slot n+1 implies a reservation
of the time slot n+2 for the relevant sub-station. Starting from the time slot n+2 the
sub-station can’ constantly transmit in the time slots n+2, n+4, n+6 etc., a receive
condition bit being transmitted by the main station in the time slots n+3, n+5 and n+7
etc. Since all the other stations receive the receive condition bit in the time slots n+1,

'n+3, n+5, n+7 etc. and, if this is indicative of a correct reception, understand that the
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improved, so that the probability of incorrect reception is reduced.

When said sub-station has finished transmitting data packets, it may
simply stop transmitting. The main station then receives no signal in the relevant time
slot n and reacts to the suspended reception by transmitting a receive condition bit
indicative of a disturbed reception, so that the time slot n+2 becomes available for use
to any sub-station.

| It will be evident that the instantaneous load of the uplink communication
channel is proportional to p and to the number of sub-stations that attempt to transmit a
message. As is known, the instantaneous throughput of the uplink communication
channel depends on its instantaneous load as shown by the curve of Fig. 4 (¢f. Fig. 6.3
of said publication). A measure for the instantaneous throughput is provided by the
average number of data packets correctly received per time unit divided by the
maximum number of data packets that can be transmitted over the relevant uplink
communication channel during that time unit. Since the latter number for the

' communication channel concerned is a constant value, said division may be omitted.

On the basis of the instantaneous throughput, as is represented by the
average number of data packets received correctly per unit of time, in each substation
the probability p is adapted according to the invention so as to obtain an optimum load
of the relevant communication channel, that is to say, a load for which the instantaneous
throughput is, though approximately, equal to the maximum attainable throughput of
about 37%. .

Such an adaptation may be carried out by each sub-station when the main
station transmits to all the active sub-stations a predetermined number of bits, preferably
two, in predetermined time slots, for example in each time slot, for controlling the
adjustment of the probability p in each sub-station. In addition, in a simple case the
contents of the probability adjustment bits may be indicative of either the command "do
not change” or the command "increase”, or the command “reduce’, while the .
instantaneous value of the probability p is increased or reduced respectively, by a
predetermined value when an "increase” command or a "reduce” command is received.
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' It should be observed that it may be desirable to use a relatively large
number of probability adjustment bits to make a rather accurate adjustment of the
probability p over a relatively large range of values possible. 1t is true, all the
probability adjustment bits may be transmitted again in each time slot, so that in each
time slot an adjustment of the transmit probability.of the sub-stations 3 is possible, but
this will restrict the number of free information bits that may be transmitted by the main
station in each time slot. According to an aspect of the invention, however, it is
likewise possible to spread out the successive probability adjustment bits over a plurality
of time slots, it even being possible that in each time slot not more than a single one of
the probability adjustment bits is transmitted. This does restrict the "frequency” with
which probability adjustmexit is possible, but it will not be unacceptable in practice.

An example of a protocol for transmitting probability adjustment
commands will now be discussed with reference to Fig. 3.

Fig. 5A shows, as does Fig. 3, the send signal of the main station in a
plurality of successive time slots.

Fig. 5B more specifically shows the structure of a data packet transmitted
in a single time slot: a predetermined number of message bits B preceded by a .
predetermined number of sync bits A and followed by a predetermined number of check
bits C. Although Fig. 3 represents the send signals belonging to the different time slots
as separate blocks for clarity, which suggests that they are separated by a "signal gap”,
a continuous send signal may be transmitted in practice while the actual separation in
time slots is realised by the sync bits A. The manner in which the values of the separate
bits are coded by the carrier is unimportant for a proper understanding of the invention
and will be known per se to an expert, so that this will not be discussed any further.

In the example illustrated in Fig. 5 the third message bit is a probability



"= 10-p(1), where the probability p(l) is controlled fromthe main station
as described hereinbefore and the probability p(ll) is conputed | =
:sub-station concerned. It should be observed that not ey
needs to be arranged for transmtting category Il messap
All this inplies that there is first detl@rmined in the §

nessagesadjostitieat bitt Fg.r YCIshbwarthatt the lconibimdtion oft £ gredetergo
are transmtted with the associ ated channel ,access prob

not, t heprobabilify adjusiment bits asseciated ta cansesHiym L slokpds

i t nt neadjugBieris PR, SURH s dfoily, it So RO

The. cat el e, ?%ﬁgt‘i*?‘ﬁ%‘”ﬁ%éfi‘?ﬁﬁﬁ?ﬂﬁﬁﬁemages "

pr obabi | propabpility bxt!hwhml'nmy be followed by a predetermined number of check bits. The
_probability bits may be a direct binary encoded representation of the absolute value of
the probability p. If the number of probability bits is equal to 10, the probability p may
be set between 0 and 0.1024 with a resolution of 0.0001. The probability bits, however,
may also refer to a Table of values for the probability p, which Table is present in the
memory of each sub-station. If the number of probability bits is equal to 10, this Table
may comprise 1024 preselected possible absolute values of the probability p, while the
differences between consecutive possible absolute values of the probability p need not

be equal.

To provide a good distinction between the header bits and the probability
bits, and to ensure that not a single combination of a number of header bits with a
number of subsequent probability bits or a combination of a number probability bits
with a number of subsequent header bits may erroneously be interpreted as the header,
the number of header bits is preferred to be greater than the number of probability bits.
For example, when the number of above probability bits is equal to 10, the number of
header bits is equal to 15 and the header has the value of 001010101010100.

During a sampling time interval the main station 1 investigates for each
time slot in that time interval which of the following situations occurs in a specific time

interval:

1) the time slot is empty, that is to say, none of the sub-stations has
transmitted a data packet;

2) a data packet has been received correctly in the time slot;

3) a data packet has not been received correctly in the time slot, which is
most probably caused by a "collision" between at least two concurreritly
transmitted data packets.

During this operation the main station 1 counts how often said situations
1), 2) and 3) occur in the sampling time interval. It should be observed that ideally a
fixed average percentage of time slots will be empty (37%), a fixed percentage of time |
slots will exhibit correct reception (37%) and a fixed percentage of collisions will occur
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and to what extent, and on the basis thereof the main station 1 decides whether the
probability p is to be changed and to what extent.

It should be observed that the messages to be transmitted may be
classified in various categories and that the probability p may be different for messages
of different categories. For example, in addition to above messages relating to section
information (to be termed category I hereinafter), also messages intended for a haulage
business and relating to the localization of the vehicle (to be termed category II
hereinafter), and emergency messages (to be termed category III hereinafter) may be
transmitted. Category III messages have priority over category I and IT messages and,
for example, have a fixed large send probability p of 1/20.

" Category II messages may have priority over category I messages and
may also have a higher send probability. In the scope of the invention the probability
p(I) for category II messages can be controlled directly from the main station,
irrespective of the control of the probability p(I) for category I messages, butin a
simple embodiment there is a fixed relationship between the probabilities p(I) and p(Il)
= 10-p(T), where the probability p(I) is controlled from the main station as described
hereinbefore and the probability p(II) is computed in the sub-station concerned. It
should be observed that not every sub-station needs to be arranged for transmitting
category II messages.

All this implies that there is first determined in the sub-station whether
messages in the category III are to be transmitted. If so, these messages are transmitted
with the associated channel access probability p(II). If not, there is determined in the
sub-station whether messages in the category II are to be transmitted. If so, these
messages are transmitted with the associated channel access probability p(I). If there
are no messages to be transmitted in the II and III categories, any messages in the
category I are transmitted with the associated channel access probability p(T). Therefore,
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considerable delay before being transmitted. Although this is no gbjection as such, as

has already been observed hereinbefore, it will be evident that thet® Will no longer be a.
need for receiving the message concerned after some time. The sub-station may
therefore be arranged for deleting from its memory a specific message that has already
been waiting'for a specific amount of time, for example, five minutes, and not
transmitting same. Such a line of thought also relates to the messages of the category II:
a haulage business is géhemny interested in the current location of its vehicles, but not
in information about their locations of, for example, an hour previously. "Rejecting” the
belated messages thus reduces the load of the communication channel, which load
reduction will specifically occur when there are large delays i.e. when there is a large
channel load.

It will be evident to the expert that it is possible to change or modify the
represented embodiment of the method according to the invention without distracting
from the inventive idea or scope of protection of the invention. For example, it is
possible for a data packet transmitted by the main station in a specific time slot to be
used at least partly for transmitting a complete probability adjustment command.
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1. Method of transmitting data from a plurality of sub-stations to a main
station by way of a common channel which is subdivided into time slots the length and
synch:omzanon of which being determined by a corresponding time slot distribution of
a data transmission signal transmitted by the main station, each sub-station having in
each time slot a predetermined probability p to transmit a data packet, characterized in
that the main station monitors the load of the communication channel and compares this
load with an optimum load and, on the basis of the result of this comparison, transmits
control instructions to the sub-stations for modifying said probability p in response to
the load of the communication channel, and in that each sub-station accordingly
modifies the probability p in response to receiving said control instructions.

2. Method as claimed in Claim 1, characterized in that the main station
detects in each time slot whether a data packet has been received or not in the relevant
time slot, and if so, whether the data packet received in the relevant time slot has been
received correctly or not; in that the main station for a predetermined length of time
counts the number of time slots in which no data packet, a correct data packet or an
incorrect data packet has been received respectively or calculates the respective
percentages; in that the main station compares the counting results or percentages with
the respective counting results or percentages as they would occur in the situation of an
optimum load of the communication channel; and in that the main station sends out said
control instructions on the basis of the result of this comparison. . |
3. . Method as claimed in Claim 2, characterized in that said control
instructions incite each sub-station to increasing the instantaneous value of the
probability p if the counting result or the percentage relating to the number of time slots
in which no data packet has been received exceeds at least to a predetermined extent the
relevant counting result or percentage in the optimum situation and/or if the counting
result or the percentage relating to the number of time slots in which an incorrect data
packet has been received is smaller at least to a predetermined extent than the relevant
counting result or percentage in the optimum situation; and in that said control
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slots 5o as to control the adjustment of the probability p in each sub-station.
5. " Method as claimed in at least one of the preceding Claims, characterized
in that no more than one bit in each time slot operates as a bit of a probability
adjustment command.
6. . Method as claimed in at least one of the preceding Claims, characterized
in that the contents of the probability adjustment bits are indicative of an absolute value
of the probability p.
7. Method as claimed in at least one of the preceding Claims, characterized

- in that a memory is associated to each sub-station, which memory stores a Table of

possible values of the probability p, and in that the contents of the probability
adjustment bits are indicative of a position in said Table of the probability p value to be
adjusted. _
8. Communication system comprising: a main station and at least one sub-
station, the sub-station being arranged for receiving information from the main station
as well as sending information to the main station, the main station being arranged for-
sending information to' the sub-station as well as receiving information from the sub- -
station; characterized in that the main station and the at least one sub-station are
arranged for communicating with each other while implementing the method of data
transmission as claimed in at least one of the preceding Claims.
9. Traffic navigation system comprising: on board a vehicle at least one
sub-station with a navigation computer, that comprises a static memory in which road
system information is stored; a main station arranged for transmitting auxiliary
information and for receiving information from the at least one sub-station; the sub-
station being arranged for receiving said auxiliary information and for sending
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method of data transmission as claimed in at least one of the preceding Claims.

10. Method as will have been clarified to the expert by means of the

preceding description.
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bits are indicative of an absolute value.of the probability p. 7.

Met hod as clainmed in at | east one of the preceding Cains, characterized in
that a nenory is associated to each sub-station, which nenory stores a

Tabl e of possible values of the probability p, and in that the contents of
the probability adjustnent bits are indicative of a position in said TabI e
of the probability p value to be

In a method of data transmission from a plurality of sub-stations to a

main station over a common channel which is subdivided into time slots whose length

and synchronization are determined by a corresponding time slot distribution of a data
transmission signal sent out by the main station, in which each sub-station in each time
slot has a predetermined probability p of transmitting a data packet, the throughput of
the communication channel is improved in that said probability p is adapted to the load

of the communication channel.
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