PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 3 : (11) International Publication Number: WO 95/01026
HO4L 12/40, 29/06, GO6F 12 Al
04 ’ / ’ /06 (43) International Publication Date: 5 January 1995 (05.01.95)
21 Internationld Application Number: PCT/IB94/00174 | (81) Designated States: JP, KR, US, European patent (AT, BE, CH,
DE, DK, ES, FR, GB, GR, [E, IT, LU, MC, NL, PT, SE).
(22) International Filing Date: 24 June 1994 (24.06.94)
Published
(30) Priority Data: ) With international search report.
93201840.1 25 June 1993 (25.06.93) EP
(34) Countries for which the regional or
international application was filed: AT et al.

(71) Applicant (for all designated States except US): D2B SYS-
TEMS COMPANY LIMITED [GB/GB]; Betchworth House,
57-65 Station Road, Redhill, Surrey RH1 1DL (GB).

(71) Applicant (for SE only): PHILIPS NORDEN AB [SE/SE];
Kottbygatan 7, Kista, S-164 85 Stockholm (SE).

(72) Inventor; and

(75) Inventor/Applicant (for US only): WILSON, Neil, Andrew
[GB/GB]; 15 Marrowells Oatlands Chase, Weybridge, Sur-
rey KT13 9RN (GB).

(74) Agent: FAESSEN, Louis, Marie, Hubertu.;‘.; Internationaal
Octrooibureau B.V., P.O. Box 220, NL-5600 AE Eindhoven
(NL).

(54) Title: NEW D2B DEVICE ADDRESS INITIALISATION STARTS WITH PREVIOUS ADDRESS

SDAT(2) | N

SaAT(1) 1
N

2~-F 32 ¥

ko 7 134 13-

0 3 a1

T 7

| (57) Abstract

In a D2B system a device initialising itself generates if necessary a sequence of addresses to find an address, which is not used by
other devices active on the bus. In order to increase efficiency in initialisation the first address wherewith the initialisation procedure starts
is the very address, which is found to be the unique address for this device in the previous initialisation procedure and which is stored in a
non volatile memory of said device.
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New D2B device address initialisation starts with previous address.

The invention relates to a single channel communication bus system
comprising a communication bus having a plurality of stations connected thereto, which can
communicate with one another via the communication bus and to each other of which a
unique station address is assigned, said stations comprising an interface circuit which is
adapted to call any destination station by generating a destination station address of said
destination station and to receive an acknowledge signal which is transmitted by the relevant
destination station if the station address of said destination station corresponds to the
transmitted destination station address, whereby the interface circuit of a station is further
adapted to perform an initialisation program under the control of which the interface circuit
is able to generate and transmit plurality of different destination station addresses in a
determined sequence, said generation and transmission being discontinued upon absence of
acknowledge signal and the destination station address which is the last that has been
generated and transmitted being assigned as the master station address to said station.

Such a single channel communication bus system is known from the Dutch
patent application No. 8900717 which has been published on October 16, 1990.

In said patent application has been described how a new device or station is added to the bus
system. Upon the station has been switched on a software protocol in said station will
initialize the procedure to find a unique address for said station. The station address
initialisation involves in fact two steps, a first one is choosing an address and the second one
is verifying whether said address is unique. For finding out whether said address is unique
the added station sends on the bus a chosen address to all other stations which are connected
to said bus system. Each station which has already been active in said bus system checks
whether the address sent by the newly added station corresponds with its own address or
not. In the first situation the station, which identifies the address sent by the newly added
device as its own, will send back to the newly added station an acknowledge signal. So, if
the newly added station receives an acknowledge signal it can verify that the address chosen
by it previously is not unique. As a result in a second cycle the newly added station will
choose another address different from the first chosen one and the protocol as described

hereinbefore will be repeated up to the moment where no acknowledge signal will be
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received by the newly added station. This means that there is no station having this address
chosen by the newly added station and thus this address is unique. As soon as this situation
occurs the newly added station will adopt this unique address as its own.

The above described station address initialisation can be used in a D2B system,
which for instance has been described in United States patent No. 4,429,384, From the
description of the D2B system in this US patent 4,429,384 can be deduced that the D2B
should perform in a reliable way‘ in a low cost and possible noisy environment. Experience
has shown that signals on buses are sometimes deteriorated which as a consequence means
that the above initialisation procedure can be ruined. Some station on the bus system may
send an acknowledge signal to inform the newly added station that the address send by it is
not unique, but if such acknowledge signal is deteriorated then the newly added station will
adopt said address as its own, but said address is not unique. As a result communication
between these two stations and without other stations will be disastrous, because if one of the
two stations is addressed by another station both stations will respond and mostly in different
ways because each station might’be a total difference type of device. Also in this case no
proper initialisation will take place.

Further the Dutch patent application 8900717 discloses that the message
including the destination address also comprises the address of the master station to be
initialized, thereby the destination station address and the master station address are the
same. In practice it has come clear that use of the same address for the master station and
the destination station is problematic, because the receiving part of the master station might
read the destination station address and consequently would control the transmitting part of
the master station to send an acknowledge signal to itself.

It is the object of the invention to provide a communication bus system
wherein the above described problems are mitigated and address initialisation is carried in a
robust reliable noise insensitive way.

Therefore the single channel communication bus system is characterized in that
each station has a non volatile memory for storing the address assigned to said station,
whereby upon start of the initialisation program the generation and transmission of the
different destination station addresses is starting by the address stored previously in said non
volatile memory.

It has been found in practice that use of the address stored previously in said non-volatile
memory as a start address in the initialisation procedure the number of attempts to find a

unique address is substantially reduced. This reduction is even more drastic if the
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configuration, i.c. the stations connected to the bus, has not been changed.

An embodiment of the invention is characterized in that the station before
sending a destination station address during the initialisation program adopts a default address
which is forbidden to be used by any station operating after initialisation in the bus system.
Upon start of the initialisation procedure the master station address is given a default
address, which cannot be used under normal operation (i.c. after initialisation) by any of the
other stations connected to the bus. As a consequence any station to be initialised will not
react to its own transmitted messages. Upon determination of a unique address the default
address will be replaced by the new found unique address.

The invention will further be explained in detail by use of drawings and
corresponding descriptions given herebelow, thereby in the drawings

figure 1 shows diagrammatically the general structure of a single channel
communication system,

figure 2 shows diagrammatically the message structure as used on the
communication bus, )

figure 3 shows a flow chart for determining the station address of a station in

accordance with the invention.

E(1) General structure of the communication bus system.

Figures 1 shows diagrammatically a single channel communication bus system.
It comprises a serial communication bus 1 consisting of two data lines 11 and 12. In this case
three stations 2, 3 and 4 are connected to this communication bus 1. Each station 2, 3 and 4
respectively comprises an apparatus 21, 31 and 41 respectively which is connected to the
data lines 11 and 12 by means of an interface circuit 22, 32, 42. As already noted, such an
apparatus may be a TV monitor, a video recorder, an audio recorder, an audio tuner, etc.
The communication bus 1 is intended to transmit control signals from a first station to a
second station. Any station may act as a master station and thereby all other stations act as
destination stations. Some stations will act as transmitters of data, some act as receivers of
data. Furthermore, all kinds of mixed or alternating situations are possible. The
communication operations on the communication bus, which will herein be described, are
performed by the interface circuits 22, 32 and 42. A so-called microcontroller MAB 5051
extensively described in chapter 3 of Single Chip Microcontrollers; User Manual 1988,
Philips Electronic Components and Materials, for example, be used as an interface circuit. -

To be able to distinguish the different stations, each interface circuit has a programmable,
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non volatile memory 23, 33, 43 in which a station address is stored A typical station address

comprises twelve bits.

E(2) The message structure.

The general structure of a message structure on an information level, which
structure is extensively described in Chapter 11 of the User Manual pointed out hereabove is
denoted in figure 2A. Such a message structure starts with a start bit ST. It is followed by a
mode field MO in which a number of so-called mode indication bits is transmitted. A typical
number of mode indication bits is three. They indicate the rate at which the following
information will be transmitted. In fact, a limited number of standardized transmitter
frequencies has been defined. This mode field is followed by a master station address field
MSA. In this field the twelve-bit master station address is transmitted from the station
wishing to transmit information to a destination station. The twelve-bit destination station
address is subsequently transmitted in the destination station address field SSA. If a station
recognizes the destination stationA address, it transmits an acknowledge code in an
acknowledge code field ACI. If this acknowledge code is not received, it means that the said
destination station is not present or does not function or that the destination station address is
received in a mutilated, non-recognizable form by the destination station. In these cases the
communication may be discontinued each time after the acknowledge code field. If the
destination station has transmitted an acknowledge code, the master station transmits a
control code of, for example four bits in a control field CF. After reception of this control
code, the destination station again transmits an acknowledge code in an acknowledge code
field ACIL. If this second acknowledge code is not received by the master station, the
communication may be discontinued. If the master station has received this second
acknowledge code, a data field DF will be sent. In this data field the master DF station
transmits data to the destination station, or vice versa. The data field DF comprises one
single or a plurality of command fields DCF. Each command field comprises one or more
data bytes DB which represents the actual information, an EOD field (end-of-data) the end of
the data byte(s) of a command field and/or indicating whether a further command field DCF
11, DCF III follows this command field DCF I and an acknowledge code field ACHI in
which the destination station indicates that the information has been received correctly. If no
acknowledge code ACIII is received, this may mean that i) the actual information is
mutilated due to transmission errors, ii) the destination station is switched off after the

transmission of the control code, or iii) the destination station is not capable of receiving and
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buffering the data byte, for example because the processing of this information takes too
long. In all these cases i.c. not receiving an acknowledge code AC the master station is set to
its repetitive position for sending once again e.g. the whole message. Another possibility is
to resend upon absence of an acknowledge code ACIII the relevant command field so
frequently until the acknowledge code ACIII is ultimately received. If this command field is
not the last field, the transmission will be continued by sending the next command field. If
this field is the last field, the communication operation is terminated. Subsequently, a new
communication operation can be started.

It is to be noted that a number of parity bits is also transmitted in the different

fields so as to protect the information from transmission errors.

E(3) The station address.

In figure 2B the general structure of a station address is shown. It comprises a
service address SA, a type address TA and a follower address FA. The service address SA
comprises, for example four bit’s and can thus distinguish sixteen services, for example an
audio-video service, a washing service, a cooking/baking service etc. The type address TA
comprises, for example five bits so that thirty-two stations can be distinguished within one
service. For example, within the washing service a distinction can be made between a
washing machine, a drier, a dish washer, etc. and within the audio-video service a distinction
can be made between a TV-set, a TV-monitor, a tuner, a video recorder, etc.

It will often occur in practice that the user has a number of apparatuses of the
same type, for example, two or more video recorders. The follower address FA enables him
to distinguish between these apparatuses of the same type. This follower address comprises,

for example three bits so that eight apparatuses of the same type can be distinguished.

E(4) The initialisation.

As already noted in the foregoing section, a station address comprises a
service address SA, a type address TA and a follower address FA. Service address SA and
type address TA have been assigned by manufacturers and in practice the manufacturer
programs them in the station address memory (22,33,63) of the interface circuit 22, 32, 42.
In practice, the follower address FA will be set to zero (or to 111) by the manufacturer and
programming of the follower address FA will be done in use and thus does not take place
until after the relevant apparatus has been connected to the communication bus 1 by means of

the interface circuit. To this end this interface circuit has an initialisation program which
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comprises, for example the steps shown in Figure 3 and which is performed as soon as the
apparatus is switched on. More particularly after start of the initialisation START:INIT in
step 50 the present follower address FA is used to set a test value TST in second step 52
(TST:=FA). Further in said second step 52 the destination station address SSA is made
equal to the present master station address MSA (of which the parts SA, TA are fixed and
the part FA is to be found). Thereafter the master station address MSA is set to a default
value e.g. "FFF"H, which mean

1111 1111 1111 in hexadecimal notation. Further in a next step 54 a counter CNT and a not-
acknowledge counter NAC are set to zero.

In a next program step 56 the counter CNT is checked whether its value is
equal or greater than 4. Subsequently in step 58 the counter CNT is increased by one.
Reason for this will be explained lateron.

In the next program step 60 the start bit ST, the mode bits of the mode field
MO subsequently the default station address MSA and finally the destination station address
SSA of the destination station wi}h which communication is desired are sent. Detection of
receipt of absence of an acknowledge code takes place in a step 62. If no acknowledge is
received code in the acknowledge code field ACI (so that ACI=0), then in a next step 64 the
counter value NAC is raised by 1 (NAC:=NAC+1). In the subsequent step 66 it is tested
whether three times absence of an acknowledge bit has been detected. If so then in a next
step 68 the master station address is set to the destination station address SSA including the
then present follower address FA. The initialisation procedure will thereafter end in step 70.

However if in step 66 it is detected that the counter value NAC is less than
three the procedure starts again at step 56. Each time the count value NAC will be increased
unless in step 62 it is detected that an acknowledge bit has been received in the acknowledge
code field ACI (so that ACI = 1), the counter value CNT is tested in a step 56. If the
counter vale CNT is less than 4 the steps 58 to 66 are performed again. Whenever an
acknowledge code occurs (ACI = 1) this means that a station is connected to the
communication bus which has the same service address, type address and follower address as
the transmitting master station. As soon as those times an acknowledge code has been
received, the counter value CNT will have the value of four, which means that one of the
stations has definitely a station address which should not be used by this master station.

Therefore, after detection that the counter value CNT = 4 a step 72 is carried
out, wherein the follower address FA is increased by one. In a next step 74 it is tested

whether the follower address FA differs from the test value TST, if so then the initialisation
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procedure is started again by resetting the counter values CNT and NAC to zero in step 54.
If the test value TST equals the follower address FA then all different positions of the latter
have been used. If the follower address FA consists of three bits then after 8 trials with
different values for FA the starting value TST will be reached due to the setting of TST
equal to FA in step 52. In such a situation the initialisation procedure is aborted (END) in
step 70 and said station cannot communicate via the bus 1.

In the above example four times a message will be sent on the bus and at
maximum one failure i.c. acknowledge of a message will be accepted for permitting use of

an address by an apparatus connected to the bus 1.

E(5) A further embodiment of the initialisation.

As already noted in the foregoing section, a station address comprises a
service address SA, a type address TA and a follower address FA. Service address SA and
type address TA have been assigned by manufacturers and in practice the manufacturer
programs them in the station adElress memory (22,33,63) of the interface circuit 22, 32, 42.
As said before the follower address FA will be set to zero (or to 111) by the manufacturer
and programming of the follower address FA will be done in use and thus does not take
place until after the relevant apparatus has been connected to the communication bus 1 by
means of the interface circuit. The further embodiment of an initialisation program
comprises, for example the steps shown in Figure 4, which are performed as soon as the
apparatus is switched on. More particularly after start of the initialisation START:INIT in
step 450 the present follower address FA is used to set a test value TST in second step 452
(TST:=FA). Further in said second step 452 the destination station address SSA is made
equal to the present master station address MSA (of which the parts SA, TA are fixed and
the part FA is to be found). Thereafter the master station address MSA fs set to a default
value e.g. "FFF"H, which mean
1111 1111 1111 in hexadecimal notation. Further in a next step 454 a not-acknowledge
counter NAC are set to zero.

In the next program step 460 the start bit ST, the mode bits of the mode field
MO, subsequently the default station address MSA and finally the destination station address
SSA of the destination station, with which communication is desired, are sent. Detection of
receipt of absence of an acknowledge code takes place in a step 462. If no acknowledge is
received code in the acknowledge code field ACI (so that ACI=0), then in a next step 464
the counter value NAC is raised by 1 (NAC:=NAC+1). In the subsequent step 466 it is
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tested whether three times absence of an acknowledge bit has been detected. If so then in a
next step 468 the master station address is set to the destination station address SSA
including the then present follower address FA. The initialisation procedure will thereafter
end in étep 70. |

However if in step 466 it is detected that the counter value NAC is less than
three the procedure starts again at step 460. Each time the count value NAC will be
increased unless in step 462 it is detected that an acknowledge bit has been received in the
acknowledge code field ACI (so that ACI = 1). Whenever an acknowledge code occurs (ACI
= 1) this means that a station is connected to the communication bus which has the same
service address SA, type address TA and follower address FA as the transmitting master
station.

Therefore, the follower address FA is increased by one, in step 472
(FA:=FA+1). In a next step 74 it is tested whether the follower address FA differs from the
test value TST, if so then the initialisation procedure is started again by setting the counter
value NAC to zero in step 454. If the test value TST equals the follower address FA then all
different positions of the latter have been used. If the follower address FA consists of three
bits then after 8 trials with different values for FA the starting value TST will be reached due
to the setting of TST equal to FA in step 452. In such a situation the initialisation procedure
is aborted (END) in step 470 and said station cannot communicate via the bus 1.

Of course different possibilities exist for finding unique addresses for the
stations (by use of majority votes). The above given examples shall by no means limit the
scope of the invention, which apart from test values to be used or of efficiency of the
initialisation program does not make any influence on the invention as such.

In the situation that a station has address setting means to be controlled by the
user e.g. a switch for setting the address of a VCR to VCR-1 or VCR-2 the flow charts as
shown in figure 3 and figure 4 can be simplified substantially. The steps 72 and 74 or 472
and 474 can be dispensed with and thus the variable item TST can be dispensed with too (see
step 52 and 452). At the end in step 70 or 470 the master station address will be the default
address "FFF", which should be signalled to the user via e.g. a display. The user then can
throw a switch in order to change from one preset address of the station (VCR-1) to the
second preset address of the station (VCR-2). If this second address is acknowledged in a
succeeding initialization procedure, which is triggered by the user by e.g. switching power
off and on again, then again the master station address is set to the default address "FFE". If

the user does not interfere anymore then the station continues to operate with the default
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CLAIMS

1. A single channel communication bus system comprising a communication bus
having a plurality of stations connected thereto, which can communicate with one another via
the communication bus and to each other of which a unique station address is assigned, said
stations comprising an interface circuit which is adapted to call any destination station by
generating a destination station address of said destination station and to receive an
acknowledge signal which is transmitted by the relevant destination station if the station
address of said destination station corresponds to the transmitted destination station address,
whereby the interface circuit of a station is further adapted to perform an initialisation
program under the control of which the interface circuit generates and transmits a plurality of
different destination station addrésses in a determined sequence, said generation and
transmission being discontinued upon absence of acknowledge signal and the destination
station address which is the last that was generated and transmitted being assigned as the
master station address to said station, characterized in that each station has a non volatile
memory for storing the address assigned to said station, whereby upon start of the
initialisation program the generation and transmission of the different destination station
addresses is starting by the address stored previously in said non volatile memory.

2. A single channel communication bus system as claimed in Claim 1,
characterized in that the station before sending a destination station address during the
initialisation program adopts a default address which is forbidden to be used by any station
operating after initialisation in the bus system.

3. A single channel communication bus system as claimed in Claim 1 or 2,
characterized in that the address generated and transmitted in the initialisation program
comprises a fixed part which depends on the type of station, and a variable part which
comprises a fixed number of bits.

4. A single channel communication bus system as claimed in Claim 3,
characterized in that the number of bits is three and that after each generation and
transmission of destination station address which is acknowledge by another station on the
bus system is incremented by one for some subsequently being transmitted on the

communication bus and that initialisation is aborted upon generation and transmission and
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acknowledgment of all possible eight addresses in the variable part of the potential station

address.
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