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Description

[0001] The invention relates to a local area network arrangement in accordance with the preamble of the attached
claim 1. Unlike with conventional local area networks, in which performance (data transfer rate) is of importance, the
local area network of the invention is specifically intended for bidirectional transmission of slow data, in particular for
bidirectional transmission of switch information (ON/OFF). The local area network arrangement of the invention is
primarily developed for mains power control of real estates, but it also has other remarkable uses, such as access
control systems and other monitoring or control systems. In the following, however, the background of the invention
will be described with reference to an example of a mains control system of a real estate, as problems related to it
have originally given an impulse to the invention.

[0002] The greatest drawback of real estate electrification implemented in the conventional way is the fact that it
does not enable "intelligent" installation that would allow flexible control and variability of the system. Figure 1 illustrates
the principle of the conventional installation technique. A separate conduit usually leads from a main distribution board
11 for each group of light fittings or wall sockets. In the figure, the number of the wires required is indicated with a
number marked beside the cross line drawn across the wire, as usual; 2 or 3 wires are led to a switch 13 from each
light fitting 12, and two wires are required for each group. In the example shown in the figure, a total number of 8 wires
thus lead to the main distribution board (wall sockets are marked with reference number 14). An installation of this kind
is simple, but also extremely fixed, and requires a professional for making modifications.

[0003] For achieving controllability, a relay-controlled installation technique must be used, the principle of which is
illustrated in Figure 2. As the switches (relays) of all the outlets (e.g. light fittings) to be controlled are in this case
situated in the main distribution board 11, as many wires must lead outwards from the distribution board, as there are
outlets to be controlled in the building. As typically three or four wires are required for each push-button (switch) 15
equipped with a signal light, the number of wires going out from the main distribution board becomes very large. For
instance, electrification of a typical detached house requires a number of 25...50 push-buttons equipped with a signal
light, in which case from these buttons alone, 75..200 wires lead to the main distribution board. As to the number of
wires, the relay-controlled installation technique thus mainly resembles a telephone exchange. Furthermore, it requires
a highly experienced electrician, the installation time rises remarkably long, and the costs rise extremely high. GB-A-
1 575 026 discloses a technique to convey control signals superimposed on power lines.

[0004] Itis thus an object of the present invention to achieve an improvement to the above-mentioned drawbacks,
and provide such a local area network arrangement that enables a flexibly controllable electrical network, which may
be implemented in a much more simple manner than the prior system. This object is achieved with the local area
network arrangement of the invention, which is characterized in what is disclosed in the characterizing part of the
attached claim 1.

[0005] The idea of the invention is to convey in a bus (twin cable) of the network such a signal that ensures at the
same time enables a simultaneous bidirectional data transmission and power feed, so that an individual node of the
network may be kept (e.g. in terms of timing, and transmitter devices) as simple as possible. When one half of a carrier
signal cycle (which signal is substantially sinusoidal in its basic form in accordance with a preferred embodiment of
the invention) is entirely preserved from power feed, it is possible to transfer data in two directions during it. This may
be applied in a very simple manner in one direction on the basis of current information, and in the other direction on
the basis of the waveform of the signal.

[0006] The prior systems do not offer the users (e.g. the owner of the dwelling or the real estate) any possibilities to
change the installation configuration (e.g. which switch controls which light fitting), whereas the solution in accordance
with the invention enables changes of this kind without a help of an experienced and licensed electrician from outside.
In addition, different additional functions, such as timer function, dimmer switch function, centralized switch on and
switch off etc. may be added to any of the outlets to be controlled.

[0007] As the network of the invention has a low voltage and it is freely adaptable, the user may freely add push-
buttons (switches) to the desired places, for example, and program them to operate the electric outlets he wants to.
[0008] Compared with the conventional installation technique, the solution of the invention reduces the need of thick
copper wire required, as the switches no longer need to be wired to the line voltage, but a low-voltage signal may be
connected to them. A more remarkable saving, however, is achieved in the installation time and thus the installation
costs.

[0009] Compared with the above-described relay-controlled system, the main advantage of the solution of the in-
vention is a much simpler installation technique, and thus a remarkable cost saving.

[0010] Asinthe network of the invention, a (analog) carrier is transferred, in which the rise and fall times are relatively
long compared with e.g. short rise and fall times of digital signals of known local area networks, it is also possible to
keep the interferences (interference spectrum) occurring in the network small. By means of a constant-frequency car-
rier, it is also possible to transfer timing to all nodes of the network, and separate timing means are thus not needed
in the node.
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[0011] In the following, the invention and its preferred embodiments are disclosed in greater detail with reference to
the examples in Figures 3...9 in the attached drawings, in which

Figure 1 shows electrification implemented by means of a conventional electric installation technique,
Figure 2 shows electrification implemented by means of a relay-installation technique,

Figure 3 shows electrification implemented by means of the installation technique of the invention,
Figure 4a illustrates a signal transmitted by the control unit of the network of the invention,

Figure 4b illustrates a frame structure formed by the signal of Figure 4a,

Figure 4c shows a block diagram of the control unit,

Figures 5a...5¢c show different operating devices used in the network,

Figure 6 shows the principle of the bus interface,

Figure 7a shows an analog section of the connection unit implementing the bus interface,

Figure 7b is a block diagram illustrating a digital section of the connection unit,

Figure 8 shows a pulse generator circuit used in the analogy section of Figure 7a, and

Figure 9 is a time diagram showing a signal incoming to the analog section, and signals to be generated from it in
the analog section.

[0012] Figure 3 shows the principle of an electrification implemented by means of the local area network in accord-
ance with the present invention. The only part of the system possessing "intelligence" is a control unit 31 common to
all operating devices to be controlled. The control unit may be located e.g. in a main distribution board 11. A twisted
pair 32 that may in principle extend through the entire system forms a common transmission link i.e. a bus SB of the
system, to which bus different controllable operating devices (an operating device may comprise e.g. a push-button
15 equipped with a signal light, or a light fitting 12) are connected by means of connection units described below. An
operating device and the electronics related thereto are herein generally referred to as a node. This electronics includes
the above-mentioned connection unit through which the operating device is connected to the network, and adapter
circuitry depending on the type of the operating device and possibly required in addition, for controlling the operating
device.

[0013] All push-buttons 15 equipped with signal lights are chained in the example in accordance with Figure 3 along
one conduit A, only one twisted pair 32 running inside it. Line voltage light fittings and wall sockets are chained in fuse
groups in their own conduits, one conduit B going out from the main distribution board being shown in Figure 3. One
twisted pair 32 is installed in the same conduit along with the phase/neutral mains cable for conveying the switching
control to each of the operating devices of the group.

[0014] Only 6 wires thus lead to the main distribution board in the example in accordance with Figure 3. An additional
advantage is the suitability of the system for. any of the present electrical conduits.

[0015] It must be noted that from the point of view of the principle of the invention, the push-buttons 15 equipped
with signal lights could equally well be located in the twin cable that leads along with the phase/neutral mains cable.
Placing of said switches 15 in the way shown in the figure physically in their own bus, however, is advantageous to
carry out, at least as long as regulations on electric safety do not allow semiconductor mains switches already supplied
by several manufacturers. During the transitional stage, relay-control located in the main distribution board 11 may be
used, whereby no twin cable bus in accordance with the invention is wired to the mains voltage side. In that case, the
bus (conduit A) composed of the twin cable is used for controlling the relays only, the solution thus corresponding to
the known technique shown in Figure 2, except that only one common twin cable 32 would be required for all of the
push-buttons 15 shown in Figure 2, said cable forming the bus in accordance with the invention. Despite the transitional
stage arrangement of this kind, installing the method of the invention is easy and advantageous.

[0016] It must also be noted that although in the example of Figure 3, there are two physically separate wire branches
(in conduits A and B), however, they logically form one bus common to all operating devices. The physical topology of
the network is of no importance from the point of view of the invention, but the bus may be connected e.g. to one
unbroken branch that leads through all operating devices, or it may have an arbitrary number of branches at the desired
points. (It is recommended, however, to start the main branches directly from the pin row connector of the control unit,
which reduces resistive attenuation of the signal in the wires.)

[0017] The bus of the local area network arrangement of the invention is thus in practice made of twisted pair. The
thickness of the wire may vary within the range 0.10- 0.75 mm?2, depending on the number of the operating devices
located successively in the same wire branch, and the total length of the bus.

[0018] A control unit 11 transmits to the twin cable a constant frequency (analog) carrier signal, substantially sinu-
soidal in its basic form, both data and power being sent to the nodes by means of said signal. In the following, a carrier
with a frequency of 20 kHz is used as an example. (Thus, the wavelength of the signal is always more than 5000 m,
and no reflections appear in the wire branches. The frequency is also above the audio frequencies for preventing cross-
talk, and sufficiently far below the RF frequencies, so that filtering of highfrequency interferences will not be a problem.)
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[0019] A time-division network has been formed of the network, in which network each operating device (node) has
been assigned a time-window corresponding to its own device identification number. This window or time-slot is equal
in length to one cycle of a carrier (the length of a cycle is 50 us in this example).

[0020] Figure 4a shows a signal sent to the bus by the control unit 11. Only the first half of the carrier cycle may be
used for transferring data to the operating device corresponding to said cycle. The latter half cycle is used for power
transmission to all operating devices. During the first half cycle, either a logical zero, corresponding to the unchanging
signal form, or a logical one, corresponding to a 40-kHz data pulse and marked with reference symbol DP in the figure
is transmitted (the correspondences may also naturally be the opposite).

[0021] The control unit thus transmits data towards the operating devices in successive transmission frames, each
of which comprises a predetermined number of carrier signal wave cycles. One of these frames is illustrated in Figure
4b by marking the time-slots corresponding to the cycles of the carrier with reference symbols TS0...TS252. Each
frame, marked with reference symbol FR, starts with a predetermined frame alignment word, which may be e.g. a bit
pattern 01111110 (time-slots TS0...TS7) eight bits in length. Thus, it is not possible that six successive "1" states occur
in a signal in any other situation, but during this alignment word. This has been prevented so that in the numbering of
the operating devices, there is a blank at every sixth operating device, and there is thus no need to send "1" data in
said time-slot either.

[0022] The following five data bits after the alignment word are assigned for managing the system (said time-slots
TS8...TS12 form the maintenance channels 1...5). Thereafter, there is one empty time-slot in the frame, whereafter
the time-slots of 200 operating devices (set as the maximum number of the operating devices in this example) follow
in the order in accordance with the location number of the operating device, so that, however, every sixth position is
empty. This results as the length of one frame (8+5+(1+5)x40) bits, i.e. 253 bits (time-slots). Thus, one bit may be
transferred per each operating device within time 253x50 us = 12.65 ms.

[0023] For accomplishing a sufficient interference margin, a node (like also the control unit) must be able to interpret
the received data during several, e.g. eight successive frames as the same, unchanging state, before the new state
becomes valid. The value 8X12.65 ms = 101.2 ms, which is a sufficiently short response time, is thus obtained as the
response time that is required for the state transition.

[0024] In the other direction, i.e. from the operating device towards the control unit, data transmission takes place
in form of current information, so that a current pulse corresponding to "1" data is provided from the connection unit of
the operating device during the positive half cycle of the time-slot of said operating device, said pulse being identified
by the control unit. This is disclosed in closer detail below in connection with Figure 7a.

[0025] The control of the operating devices in the network always takes place via the control unit, in other words,
not even the push-button belonging to the operator device itself can directly command the operator device in question,
e.g. a light fitting, into an on- or off-state, but the control information provided by the push-button always goes via the
control unit first. The control unit interprets the information supplied from the push-button, and, provided that the infor-
mation is sensible, the control unit will control the operating device by sending control datain the time-slot corresponding
to the operating device. The controlled operating device may be located anywhere along the bus, not necessarily
beside the push-button from which the control information was given. In the local area network of the invention, control
thus takes place so that when the push-button of the node is pushed, information is sent to the control unit, which is
the only place in the network which stores the information on which operating device in the network is operated by the
push of the push-button in question. On the basis of this information, the control unit controls one or more operating
devices, which are linked in its memory together with the push-button that was pushed.

[0026] In the local area network arrangement of the invention, the control unit is thus the only place possessing
"intelligence". Its processor is responsible for generating the carrier and the outgoing data pulses, as well as interpreting
the incoming data pulses. The block diagram of the control unit is shown in Figure 4c. The "core" of the control unit is
the above-mentioned microprocessor 41, which comprises e.g. a real-time clock with battery back-up and the interfaces
that are required for connecting the microprocessor to the surrounding circuits or systems. The microprocessor controls
a waveform generator 43 through bus 42, said generator generating the carrier signal. The generator 43 comprises a
transmission register for each node. The microprocessor writes in these registers the control information (one or zero)
depending on how the operating device of each node is controlled. The waveform generator is a sequence machine
that continuously reads the transmission registers, and generates during the first half of each cycle a wave in the shape
of either a logical one or a logical zero in accordance with the content of the register, and during the second half a
constant-form wave. The output signal of the generator is fed via a D/A converter 44a and an output amplifier 45 to a
bus SB. As the information coming from the node to the control unit arrives in form of current information, there is a
current measuring resistor 46 between the output of the output amplifier and the second wire of the bus SB, the terminals
of the resistor being connected to the inputs of a differential amplifier 47. The current information obtained from the
differential amplifier 47 is connected to a multiplexer 48, from which it is further connected via a sampling amplifier 49
and an A/D converter 44b to the microprocessor. The microprocessor obtains from the waveform generator the infor-
mation on when the outgoing waveform is at its peak value, and the microprocessor directs amplifier 49 to take a
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sample of returning current at the moment in question. The control unit thus finds out, whether the node corresponding
to the current time-slot sends data to the control unit. Voltage information VI is applied to a second input of the multi-
plexer, said information being used for monitoring the faultless operation of the network, i.e. it is monitored that the
amplitude will not fall excessively due to excessive load of the network.

[0027] In addition, a keyboard KB and a display DPL are connected to the microprocessor, so that the user can make
configurations of his own, and manage the system. Managing the system is disclosed in greater detail below.

[0028] An operating device comprised in a network node may be e.g. a push-button switch 15 of the type shown in
Figure 5a, equipped with a device, e.g. a LED 15a, giving a signal light. An operating device of this type does not
require separate adapter circuitry, but it may be connected directly to the connection unit of the node, as the connection
unit of the node is capable of (a) directly producing the energy sufficient for the back lighting of the switch, and (b)
leading in the information provided by switch 15b.

[0029] The operating device may also be like a device 50a shown in Figure 5b, having a load supplied with the line
voltage by means of ON/OFF function, such as a lamp 51, which is connected to the connection unit of the node by
means of a separate adapter circuitry element. In this case, the adapter circuitry element comprises a control circuit
53 comprising a triac 52 connected to the phase conductor of the lamp, a zero cross detector 54 controlling the triac,
and a LED 55 controlling the zero cross detector. Opto-isolated, triac-based network switches of this kind are supplied
by several manufacturers. The user interface visible to the user is in this case composed of the lamp 51 (controlled by
the control unit) and a switch 56, from which the user gives information to the direction of the control unit (LED 55 is
in this case invisible, as it is located in the control circuit of the triac). In practice, the control circuit may be e.g. of the
type SP1110, manufactured by International Rectifier, the U.S.A. A similar circuit is supplied by other manufacturers,
as well.

[0030] The operating device may also be like a device 50b shown in Figure 5c¢, having a load supplied with a variable
line voltage, such as a lamp dimmer 57. This example is similar to that in Figure 5b, except that in this case there is a
phase-angle controller 58 in place of the zero cross detector of the control circuit. The control circuit 53 of this kind
based on phase-angle adjustment may be composed of discrete components.

[0031] All the operating devices disclosed above are thus based on the use of a LED,; in the switch (Figure 5a), the
LED functions as a component giving back lighting, whereas in the control of the mains power (Figures 5b and 5c¢) the
LED, in turn, functions as an isolating control device by means of which a low-voltage bus is isolated from the line
voltages. In this way, a basic structure as identical as possible is obtained for all the nodes. Generally speaking, it may
be stated that an operating device is a device which gives the user some response (e.g. light), and from which control
information may be given to the direction of the control unit, e.g. by means of a switch attached to the operating device.
Different operating devices may be, for example, motors, heating appliances, different meters, etc.

[0032] Figure6illustrates the principle of the bus interface to be implemented by means of a connection unit belonging
to an individual node. A connection unit 61 is non-polarized with respect to the bus interface, in other words, its con-
nectors may be connected to the wires of a twin cable 32 both ways. An output U1 of the connection unit controls LED
15a or 55 of the operating device, and its input |1 is connected to a change-over push-button (switch) 15b or 56 receiving
the information provided by the push-button switch.

[0033] The connection unit 61 of the node comprises an analog section connected onto the bus, and a digital section
connected after the analog section, said digital section interpreting signals fed to it by the analog section, generated
by the analog section from the signal it has received from the bus. The digital section also controls the transmission
that takes place to the direction of the control unit in response to the control information provided by the user.

[0034] Figure 7a shows the connection of the analog section of the connection unit in principle. The task of the analog
section is to separate the data signal from power supply, take the supply voltage (controlled by the digital section) from
the half cycles intended for power supply, and increase the load (controlled by the digital section) with a current of a
predetermined magnitude for transferring data during the half cycle assigned for the transfer, during a carrier cycle
corresponding to the address number of the node. All signals marked on the right side in Figure 7a are either signals
to be connected from the analog section to the digital section, or signals to be connected from the digital section to the
analog section.

[0035] Wires 32a and 32b of the bus SB implemented by means of a twin cable 32 are connected to two opposite
terminals A and B of a rectifier bridge D1. The third terminal of the rectifier bridge is connected to the ground, and the
fourth terminal, opposite to it, to a power switch S5 controlled with a signal POWER_OFF from the digital section. At
the initial stage (before the connection unit is synchronized with the carrier), the power switch S5 is turned to the closed
position in the way shown in Figure 7a.

[0036] Terminals A and B are connected to the respective input terminals of a comparator U7. The output of the
comparator (signal COMPP) is connected to the input of a first pulse generator circuit A2, and also directly to the digital
section. The output of the comparator is also connected via an inverter U8 to the input of a second pulse generator
circuit A3 and inverted to the digital section (signal COMPN). The outputs of pulse generator circuits A2 and A3 are
connected to the digital section (signals PULSP and PULSN), as well as to the inputs of an OR-gate U6. An output
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signal U9 of the OR-gate controls switches S1 and S2, which are used for connecting a measurement capacitor C1
either via resistors R1 and R2 to the input terminals A and B of the analog section, or alternatively to comparators U1
and U3. The output signal of the OR-gate U6 is also connected via an inverter U5 to the input of a third pulse generator
circuit A1. The output of this pulse generator circuit controls a switch S3, by means of which the terminals of the
measurement capacitor C1 are short circuited.

[0037] The output of comparator U1 is connected to a data input D of a first D-type flip-flop U2, and correspondingly,
the output of comparator U3 to a data input D of a second D-type flip-flop U4. D-type flip-flop U2 is clocked with the
output signal PULSN of the second pulse generator circuit A3, and D-type flip-flop U4 with the output signal PULSP
of the first pulse generator circuit A2 (clocking at the falling edge of the pulse). The outputs of the D-type flip-flops
(signals VALP and VALN) are connected to the digital section.

[0038] The pulse generator circuits are similar to the one shown in Figure 8, comprising an AND-gate 81, to the
second input of which the signal is directly connected. To the second input, the signal is connected via an inverting
delay circuit 82. The circuit thus generates, at the rising edge of the input signal SIGN, a pulse the length of which is
determined by the delay 1 of the delay circuit. In this exemplary solution, circuits A2 and A3 provide a pulse of 5 us in
length, and circuit A1 a pulse 1 us in length.

[0039] In the following, the operation of the analog section will be described in more detail, in addition to Figure 7a,
with reference to Figure 9 illustrating the signal transmitted by the control unit, and the signals to be generated from it
in the analog section.

[0040] Interpretation of the incoming signal is carried out separately for each half cycle. By means of a comparator
U7 comparing the input signals differentially, and provided with a hysteresis, a clock signal COMPP is formed, said
signal being locked onto the frequency and the phase of the carrier and having a phase shift with respect to the carrier,
said shift corresponding to the hysteresis. At the rising edges of signal COMPP, pulses PULSP are generated, and at
the falling edges correspondingly pulses PULSN. These signals are combined in the OR-circuit U6 to signal U9, having
a pulse of 5 us in length after each edge of the output signal COMPP of comparator U7.

[0041] Beforethereis atransient point (rising or falling edge) in the output signal COMPP of the comparator examining
the polarity of the signal, switches S1 and S2 are in the position shown by Figure 7a, whereby the current passing
through resistors R1 and R2 charges the measurement capacitor C1. The polarity of the charge (voltage) depends on
the polarity of the signal, and the amount of charge is proportional to the area of the signal curve formed by the half-
cycle voltage (the energy of the half cycle) and to the time-constant (R1+R2)*C1. During the power feed half cycles,
the amount of the charge (i.e. the area or the voltage charged into the capacitor) is always the same in magnitude,
and the polarity of the charge is the opposite compared with the charge generated during the half cycles of the signal
side. The area of the voltage curve formed during the half cycles of the signal side (and thus the voltage of the capacitor)
varies according to that whether "1" data or "0" data has been sent. The area (the voltage of the capacitor) is large
when the data is "0", and small when the data is "1".

[0042] When a transient point (rising or falling edge) occurs in the output signal of comparator U7, switches S1 and
S2 turn to the opposite position controlled by signal U9. Then the second terminal of the capacitor is connected to a
fixed voltage +5V. Comparator U1 compares the voltage of the second terminal with a reference voltage +6V, and
comparator U3 with a reference voltage +4V (i.e. the comparators compare whether the voltage charged into the
capacitor is above or below £1V). Comparators U1 and U3 are allowed a time of 5 us (the length of the pulse of signal
U9) to set, whereafter their output signals are further clocked at the falling edges of pulses of signals PULSN and
PULSP via D-type flip-flops to the digital section for further processing. Thereafter, switches S1 and S2 turn capacitor
C1 again to the measurement position for the duration of the following half cycle. Prior to that, however, capacitor C1
is discharged with a short pulse obtained from circuit A1, said pulse turning switch S1 to the closed position for the
time of 1 ps.

[0043] The interpretation of the current states of the output signals at the clocking moments is carried out in accord-
ance with the following table.

U1 U3 | COMPP | State Interpretation

0 0 1 Negative Polarity/ "0" state
0 1 1 Negative Polarity/ "1" state
0 1 0 Positive Polarity/ "1" state
1 1 0 Positive Polarity/ "0" state

The information on the positive and the negative polarity (half cycle) is obtained directly from the output of comparator
U7 (signal COMPP). For instance, negative polarity/"0" state indicates a negative half cycle, and reception of "0" data
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during the previous half cycle.

[0044] As charge states of the same magnitude are continuously obtained to capacitor C1 during negative half cycles
(the form of which does not change), signal VALN remains in zero all the time (cf. Figure 9). Instead, the state of signal
VALP varies according to whether "1" data or "0" data is being received. The digital section concludes after this that
data is transferred during the positive half cycle, as the signal corresponding to it varies, whereas the signal corre-
sponding to the negative half cycle remains in the same state all the time. As a result, data may be extracted from the
received signal.

[0045] By using a capacitor C1 connected to a twin cable in the manner shown above in the interpretation of data,
comparing the voltage charged over said capacitor by means of two comparators with two different reference values,
the interpretation may be carried out in a very simple way. By means of capacitor C1, switches S1-S2 and resistors
R1-R2, it is namely possible to carry out integration, sampling and differential amplification. Integration is carried out
when capacitor C1 is charged via resistors R1 and R2, sampling is carried out when switches S1 and S2 are turned
to the opposite position, and once the switches have turned to the opposite position, a differential value is determined
from the signal to be measured. In addition, a galvanic isolation is achieved with the switches. Provided that the infor-
mation to be transmitted has more than two levels, the comparison is also carried out with more than two reference
values.

[0046] In the carrier signal, the amplitude (3 volts in this example) of the power feed side (negative half cycle) is
slightly higher than the amplitude of the data side (positive half cycle), so that the power be taken from the right half
cycles prior to identification of the polarity (i.e. prior to synchronizing of the node), as well. Once the digital section has
concluded on which side the control unit is transmitting data, the node is synchronized with the transmitted data, where-
by the digital section starts to control the power feed with the signal POWER_OFF, by turning switch S5 to the closed
position for the duration of each negative half cycle and turning it to the open position for the duration of the positive
half cycles.

[0047] Data transmission (transmission of "1" data) from the node to the control unit takes place by means of current
pulses, so that the digital section controls switch S4 with the signal SEND_DATA during the positive half cycle of the
time-slot corresponding to the address of the node, whereby resistors R3 and R4 are connected between terminals A
and B. As the power feed takes place only during the negative half cycles, no changes in the current occur during
positive half cycles, whereby the control unit is capable of distinguishing the current load achieved by the node on the
bus within the time-slot in question. It is thus possible to transmit data in the same time-slot to both directions.
[0048] Figure 7b is a block diagram illustrating a digital section 70, showing the functions of the digital section. The
digital section is not described in detail herein, as it is not related to the actual invention, and it will be easy for a person
skilled in the art to implement the functions required from the digital section. A bus interface unit 71 acts as the interface
against the analog section (and bus SB), dealing with detection of frame alignment, monitoring and counting of frame
alignment, collecting the incoming data and identifying the polarity of the incoming signal. These tasks may also be
carried out in the analog section. An application interface unit 72 acts as an interface against the user, dealing with
connecting the node to the outside world. In this section, buffering of data (e.g. the control data of the LED) arrived
from the bus, and buffering of switch or data information coming from outside are carried out. (The switch information
may come e.g. from switches 15b, and the data information from one of the operating devices generating data). In a
data check unit 73, checking of arrived data and interference filtering are carried out. (This unit checks that the data
remains unchanged during eight successive frames.) The check unit receives from the frame counter of the bus inter-
face unit the information on the phase of the frame, from which information it decodes the address, whereby it is capable
of reading data at its own address. A command interpreter 74 interprets commands received from the bus (mostly the
commands sent along the maintenance channels), and handles the implementation of the commands. An address
memory interface unit 75 comprises the sequence machines that read the node address from a node memory 76, and
write the node address to the node memory. In practice, it is advantageous to implement the digital section in form of
an ASIC circuit.

[0049] In the following, managing the local area network of the invention will be disclosed.

[0050] Once the control unit, the bus wired with twisted pair, and the nodes are installed, configuration of the system
is started by first ensuring that the individual address of each operating device is zero. Thereafter, all operating devices
are assigned individual addresses. In the third phase, the control unit is informed on which operating device controls
which other operating device, and how. These configurations are carried out by utilizing a push-button located at every
operating device (15, 15b, or 56), as well as the keyboard and the display of the control unit.

[0051] The reset function of the individual address may be directed jointly to all operating devices, or it may be
focused so that it controls only one operating device.

[0052] Upon resetting a specific operating device, the control unit asks the address of the device to be reset, and
resets it. If the user does not know the address, it may be inquired from the control unit, which asks the user to push
the push-button of the operating device in question, whereafter the control unit shows the address on its display.
[0053] Upon resetting all the addresses, the control unit checks this operation from the user, whereafter it resets all
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the non-reset addresses it has found.

[0054] Upon resetting the addresses, the control unit sends each time all the operating devices a control code 1101
on maintenance channels 1...4 during eight times eight frame periods (i.e. 64 frame periods), and simultaneously the
eight-bit address (eight times) of the operating device to be reset along maintenance channel 5. (due to a sufficient
interference margin, the same information is sent eight times consecutively)

[0055] The control unit is able to find unregistered operating devices by sending a code 1100 "return sent data",
whereby, as "1" data is transmitted in all the time slots corresponding to the operating devices, all the nodes the indi-
vidual address of which is unequal to zero reply by transmitting the "1" data back.

[0056] The control unit may also continuously keep a record of the nodes comprised in the network, so that the user
may be given an alarm of an abnormal disappearance of a node.

[0057] Programming of the addresses is started by commanding the control unit by means of its keyboard to the
programming state, whereby the control unit starts to send a code 1110 to the operating devices. Then the control unit
takes from the free addresses the smallest address, which the user may change if desired. Thereafter, the user pushes
the push-button of the operating device to which the address in question is desired. The information on the push is
transmitted along maintenance channel 3 (as the node does not yet have an individual time-slot in the frame) to the
control unit. When the control unit detects that data starts to arrive along maintenance channel 3, it changes to a
command code 1111, and sends along maintenance channel 5 an 8-bit address code during 8 times 8 frame periods,
which address code becomes valid immediately after the validity check carried out in the node. After this, the data sent
by the user via the push-button appears in the time-slot determined by the address code, whereby the control unit may
immediately check it and thereafter return to the basic programming state (code 1110), simultaneously switching on
the light of the operating device in question (either LED 15a or lamp 51 or 57). This is a sign to the user that the
operating device in question has received an individual address, and the push-button may be released. This sequence
takes place in about one second. Provided that the following operating device to be programmed may have the following
free address as its individual address, the user only has to push the push-button of said operating device and wait for
the above-mentioned second until the light is switched on. These procedures are continued until all operating devices
have received an individual address, whereafter the programming state is cancelled by giving the corresponding com-
mand to the control unit from its keyboard.

[0058] The last stage from the point of view of configuration is linkage, i.e. specification, in which the user informs
the control unit on which operating device controls which other operating device.

[0059] The starting point is the fact that the individual push-button of each operating device controls at least the
operating device in question. For example, the push-button of a standard lamp always controls said standard lamp,
but the information provided in the linkage indicates, whether the push-button of the standard lamp also controls some
other operating devices.

[0060] The linkage between two operating devices is carried out at its simplest so that the user commands the control
unit into the connecting state by giving the corresponding command from the keyboard of the control unit, as a result
of which the control unit starts to transmit a code 1011 of the connecting state on maintenance channels 1...4. There-
after, the control unit requests the user to push the push-buttons of the operating devices which are to be combined.
Once the user has pushed the push-buttons of all the operating devices to be combined (e.g. 6 push-buttons equipped
with a back lighting, and two ceiling lights), the user returns to the control unit and gives an accept command from its
keyboard. After this, when the push-button of any device belonging to the combined group is pushed, all the operating
devices of the group change their state.

[0061] It must further be noted that the system makes no distinction between the types of the operating devices, in
other words, a light (Figure 5b) (or its push-button) located on the ceiling could equally well be set to control the back
light of a push-button (Figure 5a) located on the wall, although only the opposite control manner is sensible.

[0062] One operating device may be separated from the group by giving a corresponding command from the key-
board, whereby the control unit starts to send code 1001 indicating this. Next, the user pushes the push-button of the
operating device the combinations of which are to be released. Thereafter, the user accepts the release from the control
unit, whereafter it becomes valid.

[0063] Thereis a separate command for releasing the entire group. When the user pushes, after giving this command,
the push-button of any of the operating devices and accepts the release from the control unit, the control unit will
remove all the linkages of this group.

[0064] To summarize the above, the following table shows the control channels belonging to the management of the
system. The four-bit codes to be sent along maintenance channels 1...4 are shown in the latter table. The directions
of transmission and reception are seen from the point of view of the control unit. In the latter table, a response channel
refers to the number of the maintenance channel.
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Number of maintenance channel | Direction of transmission | Direction of reception
1 Code 0 (LSB)
2 Code 1
3 Code 2 Programming (Address)
4 Code 3 (MSB)
5 Data

Transmitted Binary Code | Response Channel | Control Command
0000 No control
0001 LED on -test
0010
0011
0100
0101
0110
0111
1000
1001 Remove from linkage
1010 Release entire linkage
1011 Link
1100 Return sent data
1101 Reset the individual address
1110 Prepare for Programming the individual address
1111 Programming of the Individual address

By means of the arrangement disclosed above, it is possible to define e.g. only a switch-off function for a certain push-
button, in other words, with a push of the push-button it is possible to switch off (but not to switch on) specific light
fittings. In this case, the control unit thus transmits further the information provided from the push-button, depending
on what is the switching state of the operating devices linked to the push-button. In this respect, the system of the
invention also clearly differs from the conventional solutions.

[0065] Although the invention has been disclosed above with reference to the examples in the attached drawings,
it is obvious that the invention is not limited thereto, but it may be modified within the inventive idea set forth above
and in the attached claims. Although the local area network arrangement of the invention has been described above
by means of a light fitting system, the uses may vary in a number of ways. Similarly, more detailed embodiments and
principles may vary without deviating from the scope of the invention. The information to be transmitted may have, as
already mentioned above, more than two levels, although it is true that the nodes become slightly more complex this
way. The basic form of the carrier signal may also vary, e.g. a square wave may be used instead of a sine wave.

Claims
1. Alocal area network arrangement for implementing a control system, comprising:
- a low-voltage bus (SB) composed of a pair cable (32) functioning as a common transmission path of the

network,
- aplurality of connection units (61) connected to the bus for connecting operating devices (15) to be controlled



10

15

20

25

30

35

40

45

50

55

10.

1.

EP 0 787 393 B9 (W1B1)

to the network by means of them,

- acontrol unit (11) common to the operating devices, connected to the bus for controlling the operating devices,
whereby data is transmitted in the network both from the control unit to the connection units, and from the
connection units to the control unit, characterized in that the control unit (11) is adapted to transmit to the
bus a constant- frequency, low-voltage carrier signal, whereby

a predetermined number of cycles of the carrier signal composes one transmission frame (FR), each
connection unit (61) of the network having a corresponding cycle in the frame,

the local area network arrangement comprises means adapted to use at least part of the cycles of the
transmission frame (FR)for transmitting data to one determined connection unit (61) during one half of the
cycle, and the other half for transmitting power to all connection units (61),

and the connection units (61) are provided with means (S5) for substantially eliminating the changes in
the current drawn via the low-voltage bus (SB) during those cycles of the transmission frame (FR) which are
used for transmitting data.

A network arrangement as claimed in claim 1, characterized in that the carrier signal is substantially sinusoidal.

A network arrangement as claimed in claim 1, characterized in that it comprises means adapted to transmit data
from the connection units (61) to the direction of the control unit (11) during that half cycle corresponding to the
connection unit, which half-cycle is intended for data transmission in the opposite direction of transmission.

A network arrangement as claimed in claim 1, characterized in that it comprises means adapted to transmit data
to the connection units (61) in form of energy information indicated by the area formed by the waveform of the
carrier signal.

A network arrangement as claimed in claim 3, characterized in that each connection unit (61) comprises a ca-
pacitor (C1) and means for using the capacitor for interpretation of data, said capacitor being equipped with switch
means (S1, S2) for connecting its terminals between positions a and b so that in position a, the capacitor is con-
nected to the pair cable (32), and in position b the capacitor is connected to reference means (U1, U2), for com-
paring the voltage charged over the capacitor in position a with predetermined reference values.

A network arrangement as claimed in claim 3, characterized in that it comprises means adapted to transmit data
from the connection unit (61) to the direction of the control unit (11) in form of current information.

A network arrangement as claimed in claim 6, characterized in that it comprises means adapted to supply the
current information by connecting a resistor load (R3, R4) in the connection units (61) between the wires of the
pair cable.

A network arrangement as claimed in claim 1, characterized in that the amplitude of the carrier is higher during
the half cycles intended for power feed than during the half cycles intended for data transmission.

A network arrangement as claimed in claim 1, characterized in that the data sent both from the control unit (11)
and from the connection unit (61) represents only one bit, "0" or "1", during each frame period.

A network arrangement for mains power control of a real estate as claimed in claim 9 comprising an operating
device of a first type and an operating device of a second type, whereby a bit transmitted during a frame period
represents switch information ON/OFF, characterized in that the control unit (11) is adapted to send switch in-
formation in several cycles of the frame, whereby said switch information is representative of:,

in part of the cycles switch information for switching on or off the line voltage of the operating device (50a,
50b) of the first type, associated with a particular cycle, and

in another part of the cycles switch information for informing a user via the operating device (15) of the second
type, associated with the cycle, whether or not the mains power is switched on to the operating device (50a,
50b) of the first type, associated with said second operating device.

A network arrangement as claimed claim 10, characterized in that both the operating device of the first type and
the operating device of the second type comprise an optical component (15a, 55) for transmitting the switch infor-
mation, whereby said optical component is adapted to function in the operating device of the first type (50a, 50b)
as an opto-isolator between the line voltage and a connection unit (61), and in the operating device (15) of the

10
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second type as a signal light visible to the user.

Patentanspriiche

1.

Lokalnetzanordnung zur Implementierung eines Steuersystems, aufweisend:

- einen Niederspannungsbus (SB), der aus einem Paarkabel (32) besteht und als ein gemeinsamer Ubertra-
gungsweg des Netzes dient,

- mehrere mit dem Bus verbundene Verbindungseinheiten (61) zur Verbindung von zu steuernden Bedienungs-
geraten (15) durch sie mit dem Netz,

- eine der Bedienungsgerate gemeinsame Steuereinheit (11), die mit dem Bus zur Steuerung der Bedienungs-
gerate verbunden ist, wobei Daten im Netz sowohl von der Steuereinheit zu den Verbindungseinheiten als
auch von den Verbindungseinheiten zur Steuereinheit Gbertragen werden, dadurch gekennzeichnet, dass
die Steuereinheit (11) angeordnet ist, dem Bus ein konstantfrequentes Niederspannungs-Tragersignal zu
Ubertragen, wobei

eine vorbestimmte Anzahl von Zyklen des Trégersignals einen Ubertragungsrahmen (FR) bildet und
jede Verbindungseinheit (61) des Netzes einen entsprechenden Zyklus im Rahmen aufweist,

die Lokalnetzanordnung Mittel aufweist, die angeordnet sind, zumindest einige Zyklen des Ubertra-
gungsrahmens (FR) fiir Ubertragung von Daten zu einer bestimmten Verbindungseinheit (61) wahrend einer
Halfte des Zyklus und die andere Halfte fur Leistungsiibertragung zu allen Verbindungseinheiten (61) zu ver-
wenden,

und wobei die Verbindungseinheiten (61) mit Mitteln (S5) versehen sind, die wesentlich die Anderungen
im Strom eliminieren, der Giber den Niederspannungsbus (SB) wahrend der fir Dateniibertragung verwendeten
Zyklen des Ubertragungsrahmens (FR) gefiihrt wird.

Netzanordnung nach Anspruch 1, dadurch gekennzeichnet, dass das Tragersignal wesentlich sinusférmig ist.

Netzanordnung nach Anspruch 1, dadurch gekennzeichnet, dass sie Mittel aufweist, die angeordnet sind, Daten
von den Verbindungseinheiten (61) in Richtung der Steuereinheit (11) wahrend des der Verbindungseinheit ent-
sprechenden Halbzyklus zu Gibertragen, welcher Halbzyklus fiir Dateniibertragung in entgegengesetzter Richtung
der Ubertragung vorgesehen ist.

Netzanordnung nach Anspruch 1, dadurch gekennzeichnet, dass sie Mittel aufweist, die angeordnet sind, Daten
zu den Verbindungseinheiten (61) in Form von Energieinformation zu Gibertragen, die durch die von der Wellenform
des Tragersignals ausgebildete Flache angegeben wird.

Netzanordnung nach Anspruch 3, dadurch gekennzeichnet, dass jede Verbindungseinheit (61) einen Konden-
sator (C1) und Mittel zur Verwendung des Kondensators fir Datenauswertung aufweist, welcher Kondensator mit
Schaltmitteln (S1, S2) versehen ist, die seine Pole zwischen Positionen a und b derart schaltet, dass der Konden-
sator in Position a mit dem Paarkabel (32) verbunden ist und der Kondensator in Position b mit Referenzmitteln
(U1, U2) verbunden ist, um die Gber den Kondensator in Position a geladene Spannung mit vorbestimmten Refe-
renzwerten zu vergleichen.

Netzanordnung nach Anspruch 3, dadurch gekennzeichnet, dass sie Mittel aufweist, die angeordnet sind, Daten
von der Verbindungseinheit (61) in Richtung der Steuereinheit (11) in Form von Strominformation zu Ubertragen.

Netzanordnung nach Anspruch 6, dadurch gekennzeichnet, dass sie Mittel aufweist, die angeordnet sind, die
Strominformation zuzufliihren, indem eine Widerstandslast (R3, R4) in den Verbindungseinheiten (61) zwischen
den Leitungen des Paarkabels geschaltet wird.

Netzanordnung nach Anspruch 1, dadurch gekennzeichnet, dass die Amplitude des Tragers wahrend der fir
Leistungsiibertragung vorgesehenen Halbzyklen grofRer als wahrend der fiir Datenlibertragung vorgesehenen
Halbzyklen ist.

Netzanordnung nach Anspruch 1, dadurch gekennzeichnet, dass die sowohl von der Steuereinheit (11) als auch

von der Verbindungseinheit (61) gesendeten Daten wéhrend jeder Rahmenperiode nur ein Bit, "0" oder "1 ", re-
prasentieren.
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10. Netzanordnung fir Netzstromsteuerung einer Immobilie nach Anspruch 9, aufweisend ein Bedienungsgerat ersten

1.

Typs und ein Bedienungsgerat zweiten Typs, wobei ein wahrend einer Rahmenperiode Gbertragenes Bit Schalt-
information ON/OFF reprasentiert, dadurch gekennzeichnet, dass die Steuereinheit (11) angeordnet ist, Schal-
tinformation in mehreren Zyklen des Rahmens zu senden, wobei die besagte Schaltinformation:

in einigen Zyklen Schaltinformation zur Ein- und Ausschaltung der Netzspannung des einem bestimmten Zy-
klus zugehdrigen Bedienungsgerats (50a, 50b) des ersten Typs représentiert und

in anderen Zyklen Schaltinformation zum Informieren eines Benutzers via das dem Zyklus zugehdrige Bedie-
nungsgerat (15) des zweiten Typs dariber, ob im mit dem besagten zweiten Bedienungsgerat verbundenen
Bedienungsgerat (50a, 50b) des ersten Typs der Netzstrom eingeschaltet ist, reprasentiert.

Netzanordnung nach Anspruch 10, dadurch gekennzeichnet, dass sowohl das Bedienungsgerat des ersten Typs
und das Bedienungsgerat des zweiten Typs eine optische Komponente (15a, 55) zur Ubertragung der Schaltin-
formation aufweisen, wobei die besagte optische Komponente angeordnet ist, im Bedienungsgeréat des ersten
Typs (50a, 50b) als Optokoppler zwischen der Netzspannung und einer Verbindungseinheit (61) und im Bedie-
nungsgerat (15) des zweiten Typs als ein dem Benutzer sichtbares Anzeigelicht zu dienen.

Revendications

1.

Arrangement réseau local pour la mise en oeuvre d'un systéme de contréle, comprenant:

- unbus de basse tension (SB) composé d'un cable a paires (32) fonctionnant comme un trajet de transmission
commun du réseau,

- une pluralité d'unités de connexion (61) connectées au bus pour connecter par celles-ci au réseau des dis-
positifs d'opération (15) a contréler,

- uneunité de contréle (11) commune aux dispositifs d'opération, connectée au bus pour contréler les dispositifs
d'opération, des données étant transmises dans le réseau aussi bien a partir de I'unité de contrdle aux unités
de connexion qu'a partir des unités de connexion a l'unité de controle, caractérisé en ce que I'unité de contréle
(11) est adaptée a transmettre au bus un signal de basse tension et de fréquence constante, selon lequel

un nombre prédéterminé de cycles du signal porteur compose une trame de transmission (FR), chaque
unité de connexion (61) du réseau ayant un cycle correspondant dans la trame,

I'arrangement réseau local comprend des moyens adaptés a utiliser au moins une partie des cycles de
la trame de transmission (FR) pour transmettre des données a une unité de connexion déterminée (61) pen-
dant un demi-cycle, et I'autre demi-cycle pour transmettre de puissance aux toutes les unités de connexion
(61),

et les unités de connexion (61) sont munies des moyens (S5) pour essentiellement éliminer les chan-
gements du courant tiré a travers du bus de basse tension (SB) pendant les cycles de la trame de transmission
(FR) utilisés pour transmission des données.

Arrangement réseau selon la revendication 1, caractérisé en ce que le signal porteur est essentiellement sinu-
soidal.

Arrangementréseau selon larevendication 1, caractérisé en ce qu'il comprend des moyens adaptés a transmettre
des données a partir des unités de connexion (61) dans la direction de l'unité de contrdle (11) pendant le demi-
cycle correspondant a I'unité de connexion, ce demi-cycle étant prévu pour la transmission des données dans la
direction de transmission opposée.

Arrangement réseau selon la revendication 1, caractérisé en ce qu'il comprend des moyens adaptés a transmettre
des données aux unités de connexion (61) sous la forme d'information d'énergie indiquée par la zone formée par
la forme d'onde du signal porteur.

Arrangement réseau selon la revendication 3, caractérisé en ce que chaque unité de connexion (61) comprend
un condensateur (C1) et des moyens pour utiliser le condensateur pour interprétation des données, ledit conden-
sateur étant muni des moyens commutateurs (S1, S2) pour connecter ses terminaux entre des positions a et b
d'une telle maniere que le condensateur en position a est connecté au cable a paires (32) et en position b le
condensateur est connecté aux moyens de référence (U1, U2) pour comparer la tension a laquelle est chargé le
condensateur en position a avec des valeurs de référence prédéterminées.
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Arrangementréseau selon larevendication 3, caractérisé en ce qu'il comprend des moyens adaptés a transmettre
des données a partir de l'unité de connexion (61) dans la direction de I'unité de contréle (11) sous la forme d'in-
formation de courant.

Arrangement réseau selon la revendication 6, caractérisé en ce qu'il comprend des moyens adaptés a fournir
de l'information de courant en connectant une charge de résistance (R3, R4) entre les conducteurs des cables a
paires dans les unités de connexion (61).

Arrangement réseau selon la revendication 1, caractérisé en ce que I'amplitude du porteur est plus élevée pen-
dantles demi-cycles prévus pour alimentation en puissance que pendant les demi-cycles prévus pour transmission
des données.

Arrangement réseau selon la revendication 1, caractérisé en ce les données transmises aussi bien a partir de
['unité de contréle (11) qu'a partir de l'unité de connexion (61) représentent seulement un bit, "0" ou "1 ", pendant
chaque période de trame.

Arrangement réseau pour le contrdle de secteur électrique d'un immeuble selon la revendication 9, comprenant
un dispositif d'opération d'un premier type et un dispositif d'opération d'un deuxiéme type, selon lequel un bit
transmis pendant une période de trame représente de l'information commutateur ON/OFF, caractérisé en ce que
l'unité de contrdle (11) est adaptée a envoyer de l'information commutateur dans plusieurs cycles de la trame,
ladite information commutateur étant représentative d'

un part des cycles d'information commutateur pour interrompre ou rétablir la tension secteur du dispositif
d'opération (50a, 50b) du premier type associé a un cycle particulier, et

d'autre part des cycles d'information commutateur pour informer a un utilisateur par l'intermédiaire du dispositif
d'opération (15) du deuxieme type associé au cycle si le dispositif d'opération (50a, 50b) du premier type,
associé audit deuxiéme dispositif d'opération, est alimenté en tension secteur ou non.

Arrangement réseau selon la revendication 10, caractérisé en ce qu'aussi bien le dispositif d'opération du premier
type que le dispositif d'opération du deuxiéme type comprennent un composant optique (15a, 55) pour transmettre
l'information commutateur, le composant optique étant adapté a fonctionner dans le dispositif d'opération du pre-
mier type (50a, 50b) comme un photocoupleur entre la tension secteur et une unité de connexion (61), et dans le
dispositif d'opération (15) du deuxiéme type comme une lumiére de signal visible a I'utilisateur.
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