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Transceiver Dieital Control Network *G00002* and Collision-Free
Communication Method This invention relates, in general, to the field of
wired digital control network systems. In particular, this invention
relates to a wired communication and control network system and a method
for avoiding collision in the transmission of data in such a system.
Background of the Invention Home and building automation is an important
area in the development of modern technology, of which the design of
control systems is one of its crucial areas. Many proposals have been put
forward in this field, e.g. "X-10", "Lonv~~ork", "CEBus" and "EIB". Home
and building control systems are complicated and multi-faceted systems.
Stand-alone or point-to-point products clearly cannot fulfill the various
requirements which may arise in real life situation. A control network
system is much more versatile and may therefore meet such requirements. The
nodes in such a control network system can communicate with one another,
share the same resources, and be assembled together by various means (e.g.
switches, sensors, timers, telephones, computers, etc.) in the Iight of the
needs, in order to realize various control functions, c.a. integrated
control and monitoring of lighting, energy, access and security at home or
office. Centralized control system is a well-known technology. However, the
application of such a technology in home and building automation has met
with various problems, e.g. complicated wiring (due to the large number of
wires required), dif iculry in extending the system (as there is usually a
fixed capacity, for each central control system)) space requirement (due to
the need to accommodate the central unit usually in a separate room)) and
the rigorous requirements for reliability (e.g. the whole system will not
function when there are problems with the central unit). At present) there
are many media access control (MAC) methods, c.g. token passing, polling,
circtut switching, and time-division multiple access (TDMA), etc. However,
to a control network, while the signals/data to be transmitted are usually
relatively short) the response speed is required to be relatively high.
Random access   20 March 2002 _Z_ is thus one of the few methods which can
meet the requirements of a real-time control. In a random access system, it
is possible that more than ane node seek to transmit signals/data at the
same time, resulting in a collision. Various methods ha~~e been devised to
resolve such contentions, to recover from collisions, or to avoid
collisions. Such methods include CSMA/CD (Carry Sense Multiple Access with
Collision Detection) and CSM.AICA (Carry Sense Multiple Access with
Collision Avoidance). However, irrespective of the method used, if two or
more nodes transmit sianals/data at the same time, all such attempted
transmissions will fail. Each of these nodes has to stop transmitting for a
respective period of time, and tries transmitting again. Such will cause a
reduction of the communication efficiency., Most current communication
networks do not consider the issue of priority. If the data packets to be
transmitted are not queued sequentially, each has to wait for the same
pre-determined period of time before it is transmitted. This is a
con~~entional method for, and does not cause much difficulty to, a
communication system. However, the issue of priority becomes very
.important to a control system. The difference could be very significant
since different nodes may carry out different functions within the system.
In case of emergency, serious problems may arise if certain important
signals/data cannot be transmitted by a particular node. To a wired control
network, it is desirable to keep the number of wires to a minimum. The more
are the number of wires, the more inconvenient the v`~iring process will
be, and the higher the risk of mis-wiring will also be. For example, even
in a network in which there are only four wires (e.g. USB), there are 23
(i.e. (4!-1 )) ways of mis-wiring. While it is a common practice to provide
a separate power source for each node in the network, it is desirable to
provide electric power to the nodes through the network. Common link power
systems generally adopt transformer coupling to separate power from signals
in the bus/transmission medium. Because of the use of 



20 March 2002 ., _,. transformers, the system is usually of a relatively
large size, and thus more expensive. In addition, due to the relatively low
internal resistance of the transformer, the fanning-out capacity of the
bus/transmission medium will be lowered when the transformer is connected
to the network, It is thus an object of the present invention to provide, a
mixed mode transceiver digital control network system, a transceiver, a
method of setting priority to each node, and a method for avoiding
collision in such a system, in which the aforesaid shortcomings are
mitigated, or at least to provide a useful alternative to the public.
Summary of the Invention According to a first aspect of the present
invention, there is provided a digital data communication network system
including a power supply means and at least two nodes, wherein said power
supply means and said nodes are connected to one another v~~a a
transmission media whereby digital signals/data are transmissible between
said nodes, wherein said power supply means supplies electric power to said
nodes, and wherein at least one of said nodes includes a current mode
transmitter and at least one of said nodes includes a voltage mode
receiver. According to a second aspect of the present invention, there is
provided a digital data communication system for delivering digital signals
from a current mode transmitter to a voltage mode receiver, said system
including an electrically conductive cable coupling said transmitter and
said receiver with each other, thereby providing a digital data
communications path; DC power supply means for producing a pre-determined
electric potential, said power supply means having a first voltage terminal
and a second voltage terminal; current control means coupling said first
voltage terminal of said power supply means to said cable for providing a
first electric current path, said first electric current path operating as
a low impedance path for DC current; voltage control means connected in
parallel with said current control means for controlling the voltage
amplitude across said current control means, and for providing a second
electrical path for transient electric current; connecting means coupling
said second voltage terminal of said power supply means to said cable to
provide a power distribution path; wherein said current mode transmitter is
coupled to   20 March 2002 -4said cable for implementing a current loop,
wherein said transmitter produces current pulses in said current loop to
perform a current mode digital data transmission; and wherein said voltage
mode receiver is coupled to said cable for receivin~ voltage pulses on said
cable produced by said voltage control means to perform a voltage mode
digital data reception. According to a third aspect of the present
invention, there is provided a digital data communication network system
for distributing power and for providing signal passing capabilities
through a bus, said network including a plurality of nodes each including a
mixed mode data bus transceiver for generating electric current pulses and
receiving electric voltage pulses; an electrically conductive cable
coupling said nodes with one another to provide a path for power delivery
and data communications: a DC power supply means for producing a
pre-determined electric potential, said power supply means having a first
voltage terminal and a second voltage terminal; current control means
coupling said first voltage terminal of said power supply means to said
cable for providing a first DC current low impedance path; voltage control
means connected in parallel with said current control means for controlling
the voltage amplitude across said current control means and providing a
second current path for transient current; and connection means coupling
said second voltage terminal of said power supply means to said conductive
cable to provide a power distribution path. According to a fourth aspect of
the present invention, there is provided a transceiver adapted to transmit
and receive digital signals on a data bus which delivers direct current
power and digital data simultaneously, said transceiver including a bridge
rectifier having two connection terminals adapted to provide a non-polarity
interface with said bus, said rectifier further including a + terminal and
a - terminal; a current mode transmitter coupled to said + terminal and
said - terminal of said rectifier for implementing a current loop adapted
to produce electric current pulses to said data bus to perform current mode
data transmission; a voltage mode receiver coupled to said + terminal and
said - terminal of said rectifier, said receiver being adapted to receive
electric voltage pulses on said data bus to perform voltage mode data
reception; and a current coupling means coupled to said + terminal and said
20 March 2002 _5_ terminal of said rectifier, said current coupling means
being adapted to provide a regulated direct current supply to said
transmitter and said receiver and other means in said transceiver.
According to a fifth aspect of the present invention, there is provided a
method of communication in a mixed mode communication and control network
system, wherein said system includes at least a first node, a second node,
a power supply means, and current to voltage converter means connected with
one another via a bus. comprising the steps of (a) generating at least a
first electric pulse by said first node; (b) transmitting said first
electric pulse to said power supply means in the form of an electric
current; (c) causing a first electric current from said power supply means
to pass through said current to voltage converter means to induce at least
a second electric pulse; and (d) transmitting said second electric pulse
into said bus. According to a sixth aspect of the present invention, there
is provided a method for medium access control in a mixed mode
communication and control nework system, wherein said system includes at
least a first node and a second node each being adapted to transmit signals
into a bus via which said nodes are . connected with each other, including
the steps of (a) establishing a plurality of priority levels each with a
corresponding different range of waiting time; (b) assigning one of said
plurality of priority levels to each of said nodes; (c) said first node
venerating a waiting time on the basis of the priority level assigned
thereto; (d) said first node checking whether said bus is free for
transmission; (e) said first node checking whether the said waiting time
has expired; (f) repeating steps (d) and (e) until the waiting time has
expired; and (g) commencing transmission of a first data packet by said
first node if said bus is free for transmission. 



According to a seventh aspect of the present invention, there is provided a
method of transmitting data in a mixed mode communication and control
network system, wherein said system includes at least a first node and a
second nodc each being adapted to transmit pulses into a bus via which said
nodes are connected with each other, including the steps of (a) said first
node causing a pulse of a first polarity   20 March 2002 -6to be
transmitted into said bus; (b) said first node checking whether a pulse of
said first polarity appears on said bus; and (c) finishing sending said
pulse of said first polarity into said bus for the full period of pulse
time-width if a pulse of said first polarity is detected on said bus in
step (b). According to an eighth aspect of the present invention, there is
provided a method of transmitting at least one data packet for providing a
collision-free communications in a mixed-mode mufti-drop random access
digital control network, wherein said network includes at least a first
node and a second node each being adapted to transmit and receive data
packets through a bus via which said nodes are connected with each other
and constituting a wired-AND logic, wherein said data packet includes at
least a logic high and a logic low to be transmitted into said bus, said
method including the steps of: (a) when said first node seeks to transmit
said logic low into said bus, said first node; ( 1 ) checks logic state
from said bus; (2) starts to transmit said logic low into said bus if said
bus presents logic high in step ( 1 ) above; (3) completes transmitting
said logic low into said bus for the full period of the time-width of the
said logic low; and (b) when said first node seeks to transmit said logic
high into said bus, said first node: (1) starts to transmit said logic high
into said bus; (2) checks logic state from said bus; (3) checks whether a
pre-determined waiting time is up; and (4) repeats steps (b)(2) and (b)(3)
until said first node completes transmission of said logic high into said
bus for the full period of the time-width of said logic high if said bus
keep on presenting Iogic high in step (b)(2). According to a ninth aspect
of the present invention, there is provided a method of transmitting at
least one data packet for providing a collision-free communications in a
mixed-mode mufti-drop random access digital control network, wherein said
20 March 2002 -7network includes at least a first node and a second node
each being adapted to transmit and receive data packets through a bus via
which said nodes are connected with each other and constituting a wired-OR
logic, wherein said data packet includes at least a logic high and a logic
low to be transmitted into said bus, said method including the steps of:
(a) when said first node seeks to transmit said logic high into said bus,
said first node: (1 ) checks logic state from said bus; (2) starts to
transmit said logic high into said bus if said bus presents logic low in
step (1) above; 



(3) completes transmitting said logic high into said bus for the full
period of the time-width of the said logic high; and (b) when said first
node seeks to transmit said logic low into said bus, said first node:(1)
starts to transmit said logic low into said bus; (2) checks logic state
from said bus; (3) checks whether a pre-determined waiting time is up; and
(4) repeats steps (b)(2) and (b)(3) until said first node completes
transmission of said logic low into said bus for the full period of the
time-width of said logic low if said bus keep on presenting logic low in
step (b)(2). According to a tenth aspect of the present invention, there is
provided a transceiver adapted to transmit and receive digital signals/data
via a mixed mode bus which delivers direct current power and digital data
simultaneously, said transceiver including current mode transmitter means
for implementing a current loop adapted to produce electric current pulses
to said bus to perform a current mode data transmission, and voltage mode
receiver means for receiving electric voltage pulses on said bus to perform
voltage mode data reception. Brief Description of the Drawings Preferred
embodiments of the invention will now be described by way of examples, and
with reference to the accompanying drawings, in which:   20 March 2002 _g_
Fie. 1 is a schematic diagram of a conventional voltage made mufti-drop
network system; Fig. 2 is a schematic diagram of a conventional current
mode mufti-drop network system; Fia. 3 is a schematic diagram of a first
mixed mode mufti-drop network system according to the present invention;
Fig. 4 is a schematic block diagram of a first embodiment of an application
system according to the present invention; Fig. ~ is a schematic block
diagram of a second embodiment of an application system according to the
present invention; Fig. 6 shows the current flow and the voltage change at
certain points of the system when a negative pulse is transmitted into the
bus and received by a receiver in the embodiment shown in Fig. ~; Fig. 7
shows the current flow and the voltage chance at certain points of the
syrtem when a positive pulse is transmitted into the bus and received by a
receiver, after a negative pulse has just been transmitted into the bus in
the embodiment shov~n in Fig. ~; Fia. 8 shows the data frame format used in
the system according to the present invention; Fib. 9 shows the data bits
format used in the system according to the present invention; Fig. 10 shows
the data packet format used in the system according to the present
invention; 



Fig. 11 is a table showing the respective waiting time of the priority
levels; Fig. 1? is a flowchart showing the process whereby a node initials
a transmission; Fig. 13 is a timing chart showing a method for access
control and collision avoidance according to the present invention; Figs.
14 and 1~ are flowcharts showing the back-off method for collision
avoidance; Fig. 16 is a schematic block diagram showing a four-node system
according to the present invention, in which the four nodes attempt to
transmit siQrals/data   20 March 2002 -9 simultaneously; Figs. 17A to 17D
show the respective waveform of the voltage at the output of the
micro-controller of the four nodes in Fig. 16; Fi ~. 18A to 18D show the
respective waveform of the sink current iQ, ib, i~, and id of the four
nodes in Fig. 16; Fig. 19A to 19D show the respective waveform of the
voltage at the input of the micro-controller of the four nodes in Fio. 16;
Fig. 20 shows the waveform of the DC supply source current i of the s~~stem
shown in Fig. 16; Fig. 21 shows the waveform of the inductor source current
it of the system sho~n in Fig. 16; Fig. 22 shows the waveform of the
current ip flowin? through the bi-directional clamp of the system shown in
Fig. 16; Fig. 23 shows the waveform of the voltage vp across the
bi-directional clamp of the system shown in Fig. 16; Fib. 24 shows the
waveform of the bus voltage v of the system shown in Fib. 16; and Fig. 2~
is a schematic diagram of a second mixed mode multi-drop network system
according to the present invention. Detailed Descritition of the Preferred
Embodiments At present, the most common network system is "voltage mode
network". A schematic diagram of such a system is shown in Fig. 1. As can
be seen in Fig. 1, a number of nodes/transceivers 10 (four as shown in Fig.
1 ) are connected to a bus 12 to form a voltage mode network 14. In each of
the nodes/transceivers 10 is a voltage mode transmitter 16, and a voltage
mode receiver 18. The transceivers 10 (e.g. EIA48~) of such a system 14
operate by means of electric voltage. The digital signalsldata transmitted
through the transmission media (i.e. the bus 13) are in the form of
different levels (high or low) of electric voltage. If a medium of a
smaller nominal capacitance is chosen, and is used in conjunction with a
receiver of a higher input impedance, the system will usually be of a
higher fanning-out capacity. For example, an EIA-48~ transceiver usually
has a fanning-out capacity of 32. However,  



20 March 2002 - 10 a smaller capacitance and a higher impedance will reduce
the anti-inter ference capacity of the system. As a result, a voltage mode
network, as compared v~lth a current mode network (to be discussed below),
is more easily interfered by outside electro-magnetic f eld. As to a
"current mode network", such usually refers to a current mode!loop
mufti-drop system, a schematic diagram of which is shown in Fig. ?. As
sho~~n in Fig. 2, three nodes/current mode transceivers 20 are connected
with a current source 22 to form a system, via a closed-loop bus 24. Each
of the transceivers ? 0 includes a current mode transmitter ?6 and a
current mode receiver 28. In such a system, the transmitter (e.g. HCPL-4100
of Hewlettt Packard) and receiver (e.g. HCPL-4'_'00 of Hewlett Packard)
operate by means of electric current. The digital signals/data transmitted
in the transmission media are in the form of electric current of difrer ent
magnitude (Mark/Space). As the receiver of a current mode system has a low
input impedance, such a system usually has a higher anti-interference
capacity. However, as a11 the transceivers in such a network have to be
linked up to form a closed loop. such will reduce the reliability of the
system. In particular, if there is an open circuit at any point, the whole
system will break down. The fanning-out capacity of such a transceiver is
also smaller. For example, a current mode system can usually consist of
several transceivers. Such a system is therefore only suitable for use in a
simple yet high-interference setting. A mixed mode mufti-drop network
system 100 according to the present invention is shown schematically in
Fig. 3. As can be seen, three nodes/mixed mode transceivers 102 are
connected with one another to form the system 100 via a bus I 04 in the
form of a single unshielded twisted pair (UTP) wire. Each node 102 includes
a current mode transmitter 102a and a voltaee mode receiver 102b. The
transmitter 102a of the respective nodes 102 transmits signals/data via the
bus l04 to other nodes) 10?) and the receiver 102b of the respective nodes
102 receives signals/data from other nodes) 102 via the bus 104. It should
be noted that the digital signalsldata transmitted by the transmitters 102a
are in the form of electric current of different magnitude (Mark/Space). On
the other hand, the digital signalsldata received by the   20 March 2002
-11receivers 102b are in the form of different (high or low) levels of
electric voltage. Also connected with the nodes 102 via the bus 104 is a DC
power supply 106 and a converter 107, which acts as a pulse generator. The
converter 107 includes a current controller 108 which provides an electric
current i(vp, t) to the s~~stem, in which the magnitude of the electric
current i(v~, t) varies as a function of the electric voltage vp across the
current controller 108 and the length of time t during which the electric
current flows through the current controller 108. Connected in parallel
with the current controller 108 is a voltage controller (also called a
current to voltage converter) 110. This voltage controller 1l0 ensures that
the electric current from different transmitters 10'_'a will be converted
into the same electric voltage for transmission into the bus 104. Another
function of the voltase controller 110 is to ensure that, when more than
one transmitter 102a are transmitting simultaneously, the electrical pulse
level in the bus 104 will not exceed a pre-determined range, e.g. 1.~ V - 3
V. A first embodiment of an application system according to the present
invention is shown schematically in Fig. 4. This system 200 includes a
network power supply 302 electrically connected to two nodes 204a, 204b.
The network power supply 203 is electrically connected with the nodes 204a,
204b via a bus 206 (in the form of a single unshielded twisted pair (UTP)
wire). The network power supply 202 includes a DC power source 208, and a
convener (which acts as a pulse generator) comprising a current controller
in the form of a cored inductor 210 and a voltage controller/current to
voltage converter in the form of a bi-directional voltage clamp 212. In
this example, the voltage clamp 212 includes two pairs of diodes 214a, 214b
arranged in parallel but opposite directions. The output from the DC power
source 208 passes through the inductor 210 before it is transmitted to the
bus 206. The node 204a includes a current mode transmitter 216 (including a
transistor 218 and a resistor 220), a current coupling circuit 228 and a
bridge rectifier 2;0. The   20 March 2002 -12current coupling circuit 228
directly couples the DC current in the bus 206 while not affecting the
di?ital si?nals in the bus 206. The node 204a is also connected to an
application module 221 including a micro-controller or processor 222
connected to a sensor 234. In this embodiment, the sensor 224 is in the
form of a s~~itch. The transistor 218 is connected to the output port (O/P)
of the micro-controller or processor 222 (e.g. INTEL 80C 1 series), which
controls the operation of the current mode transmitter 216. The current
couplin' circuit 228 includes a zener diode 229 for providing a regulated
and stable direct power source to the node 204a. The VDO of the
micro-controller or processor 222 is also connected to the current coupling
circuit 228 whereby the micro-controller or processor 222 is also powered
by the same DC power source 208 of the s~~stem. As to the node 204b, such
includes a voltage mode receiver 2'_'6, a current coupling circuit 234 and
a bridge rectifier 232. As in the case of the current coupling circuit 228
in the node 204a, the current coupling circuit 234 in the node 204b
directly couples the DC current in the bus 206 while not affecting the
digital si~naIs in the bus 206. As to the voltage mode receiver 226, such
includes a capacitor 236 and an inverter circuit (including resistors 238a,
23$b, 238c and a transistor 240). The transistor 240 is connected to the
input port (I/P) of a micro-controller or processor 242 of an application
module 243 for inputting the electric pulses received from the bus 206 into
the micro-controller or processor 242. Upon receipt of such electric
pulses, the micro-controller or processor 242 may then, according to a
pre-deternzined procedure, give out a sisnal to a control module 244 to
perform certain control functions. In this embodiment, the control module
244 includes a Ii~ht bulb 246 which will be turned on when certain
pre-determined electric pulses are received by the micro-controller or
processor 242. The current coupling circuit 234 includes a zener diode 235
for providing a rejulated and stable direct power source to the receiver
226. The VDD of the micro-controller or processor 242 is also connected tv
the current coupling circuit 234 whereby the micro-controller or processor
242 is also powered by the same DC power source 208 of the system. It can
be seen that a complete communication and control process can be   



20 March 2002 _I3_ performed by the system 300 in which when the switch
constituting the sensor 234 in the application module 221 is closed,
electric pulses are caused by the current mode transmitter 216 to be
transmitted into the bus 206. Such electric pulses are received by the
voltage mode receiver 226 of the node 204b and inputted into the
microcontroller or processor 242 to output a signal, which is in the form
of the lighting up of the bulb 246 in the present embodiment. Electric
power is also delivered from the DC power source 208 to the various nodes
204a, 204b and application modules ?'? l, 243 of the system 200. In
particular, it can be seen that no transformer is required in . this
system. It can also be seen that, because of the existence of the bridge
rectifiers 2.i0, 232 in the respective nodes 204a, 204b, no mis-wiring will
occur in the s~~stem 200. Take the node 204b as an example. According to
the present connection, the electric current from the DC power source 208
will flow (in the convention manner) into the node 204b rig diode 2~Oa, and
return via diode 2~Ob. Even if a "mis-wiring" occurs (as shown by the
dotted lines in Fib. 4), the electric current from the DC power source 208
will flow into the node 204b via diode 2~Oc, and returns via diode 2~Od.
Such therefore ensures that the direction of the flow of the electric
current in the node 204b and the application module 243 is the same
irrespective of the way iri ~i~hich the wires of the node 204b are
connected to the bus 206. It can also be seen that, as shown in Fig. 4, the
bridge rectifier 230 include two terminals coupled to the bus 206 for
providing a non-polarity interface with the bus 206, in which the bridge
rectifier 230 includes a + terminal and a - terminal. The current coupling
circuit 228 includes a constant current source 231 with two terminals, one
of which being connected to the + terminal of the bridge rectifier 230.
Another end of the constant current source 231 is connected to the -
terminal of the bridge rectifier 230 via the zener diode 229. By way of
such an arrangement, electric power is supplied to the application module
221. The transmitter 216 also includes the transistor 2l8, which includes a
collector coupled to the + terminal of the bridge rectifier 230, a base for
transmitting data to be   20 March 2002 - 14 transmitted into the
transistor 218, and an emitter. The resistor 220 is coupled at one end to
the emitter of the transistor 218 and at another end to the - terminal of
the bridee rectifier 230, so as to implement a transmission output current
loop. The bridge rectifier 232 includes two terminals coupled to the bus
206 for providing a non-polarity interface with the bus 206, in which the
bride rectifier 232 includes a + terminal and a - terminal. The current
coupling circuit 234 includes a constant current source 237 with two
terminals, one of which being connected to the + terminal of the bridge
rectifier 232. Another end of the constant current source 237 is connected
to the - terminal of the bridge rectifier 232 via the zener diode 23 ~. By
way of such an arrangement, electric power is supplied to the receiver 226.
The receiver 226 includes the capacitor 236 coupled to the + terminal of
the bridge rectifier 232 for isolating the direct current potential on the
+ terminal of the bridge rectifier 232. A second embodiment of an
application system according to the present invention is shown
schematically in Fig. ~. This system 300 is very similar to the system 200
shown in Fig. 4. One of the major differences is that both nodes 302a, 302b
include a current mode transmitter 304 and a voltage mode receiver 306, so
chat each of the nodes 302a, 302b is a transceiver capable of both
transmitting signals and receiving signals via a bus 308.
Inter-communication is therefore possible between these two nodes 302a,
302b. As the structure of both nodes 302a, 302b and their connection with
the rest of the system 300 are the same, we shall only discuss the node
302a in more detail. As shown in Fig. 5, a transistor 309 of the current
mode transmitter 304 is connected to the output port (0/P) of a
micro-controller or processor 310, while the input port (IIP) of the
micro-controller or processor 310 is connected to a transistor 312 of the
voltage mode receiver 306. By way of such an arrangement. the
microcontroller or processor 310 can control the transmission of
signals/data into the bus 308 via the current mode transmitter 304, and can
receive signals/data from the bus 308 via the voltage mode receiver 306.
The micro-controller or processor 310 is also   20 March 2002 -15coru~ected
to a sensor 314 and a control module 316, the operation and functions of
which are as discussed above. A two-way digital data network system for
sensing, communication and control is thus realized. The micro-controller
or processor 310 is also connected to a priority setting module 318, the
function of which v~zll be discussed below. Fig. 6 shows the current flow
and the voltage chance at certain points in the system 300 when a negative
pulse is transmitted into the bus 308 and received by a receiver. Before
proceeding with this analysis, we first consider the idle situation in
which no node is transmitting any data/signals into the bus 308. In this
situation, the transistor 309 in the current mode transmitter 304 of the
node is cut off. The transmitter voltage (v,) and the voltage at the OIP of
the micro-controller or processor 310 is low. The receiver voltage (v,) and
the voltage at the IlP of the micro-controller or processor 310 is also
low. The bus voltage is Vo, and the bus idle current is lo. When the sensor
314 is actioned upon (e.a. a switch is closed), the microcontroller or
processor 310 of the node 302 senses this state and outputs one or more
pre-determined data packets with a series of positive and negative pulses.
If a negative electric pulse of a time-width T of z is to be transmitted
into the bus 308, the micro-controller or processor 310 will output a
positive pulse of a time-w7dth T of r. When this electric pulse is received
by the transistor 309 of the transmitter 304, the transistor 309 starts to
conduct and a sink current of I, is induced and transmitted towards a DC
power supply source 320 via the bus 308. As this system constitutes a
closed current loop, the electric current flowin' therein would increase
instantly from to to to + I,. (In fact Io should increase instantly to to +
I, - I,. However, since l, is negligible, such is not taken into account
here.) An electric current of to + i(t) will then flow through a cored
inductor 322, while an electric current of Ir - i(t) will flow through a
bi-directional voltage clamp 324 in the same direction as the current to +
i(t). It can be seen that the combined electric current flowing away from
the inductor 322 and the bi-directional voltage clamp 324 is to + I,. The
component i(t) in both of these electric currents varies in accordance with
the time during which the current Io +   20 March 2002 



- 16 i(t) passes through the inductor 322, namely, from t = 0 to t = r As
the inductor 322 acts as a current controller which prevents the sudden
increase of the flow of electric current through it, during the time
between t = 0 and t = z, Io + i(t) is smaller than Io + I,, so that the DC
power supply 320 has to pass an additional electric current of l, - i(t)
through the bi-directional voltage clamp 324, which also acts as a voltage
controller/current to voltage converter, in order to fulfill the current
requirements of to + l, of the current loop of the system 300. Since an
electric current flows through the bi-directional voltage clamp 324 in the
same direction as the current flowing through the inductor 322, a negative
electric pulse (i.e. negative with reference to V~) of a time-width T of r
is induced, which negative electric pulse is then transmitted into the bus
308 to be received by other nodes of the same system. Vl~'hen a negative
electric pulse of a time-width T of r is received by the voltane mode
receiver 306 of the node 302, a capacitor 326 couples the negative electric
pulse to a resistor 328, thus drawing a negligible electric current Ir
which is less than onethousandth of the current I,. This causes a
transistor 330 to conduct and transmit a positive electric pulse of a
time-width T of r to the micro-controller or processor 310. In this
respect, the resistor 328, a resistor 332g the transistor 330 and a
resistor 334 combine to act as an inverter whereby the negative electric
pulse of the time-width T of r is inverted to a positive electric pulse of
a time-width T of r. This positive electric pulse is then inputted into the
micro-controller or processor 310 via its input port (I/P), thus completing
a signal transmission and reception process. Referring to Fig. 7, when a
positive electric pulse of a time-width T of r is to be transmitted into
the bus 308 after a negative electric pulse of a time-width T of r has just
been transmitted into the bus 308 (as shown in Fig. 6 above), the
transistor 309 does not conduct in this instance, so that the current Ir is
cut off and drops to OA. The current passing through the node and the DC
power source 320 will drop instantly from to + I, to to (ignoring the
negligible I~). On the other hand, at the time of the cut off of h, the
current flowing through the inductor 322 is Io + i(r). As the current
passing through the inductor 322 cannot change instantly, the surplus
current of i(r)   20 March 2002 -17will flow through the bi-directional
clamp 324 in a direction opposite to that of the current passing through
the inductor 322, thus generating a positive pulse (i.e. positive with
reference to V~) on the bus 308. The positive pulse so generated causes the
current passim through the inductor 322 to decrease in the manner of to +
i(:) - i(t), from t = 0 (when the cut off occurs) until t = r, when the
current passing through the inductor 322 w111 fall to lo. In this
connection, t is the time during which the current Io + i(r) - i(t) passes
through the inductor 322, namely, from t = 0 to t = r. The current passing
through the bi-directional voltage clamp 324 v~zll also decrease in the
manner of i(z) - i(t). When t = r, no electric current will pass through
the bi-directional voltage clamp 324. In any event, from t = 0 to t = r,
the total electric current flowing out of the inductor 322 and the
bi-directional clamp 324 will be h. Due to the passinj of the electric
current i(r) - i(t) through the bi-directional clamp 324 in a direction
opposite to the flow of the current Io + i(r) - i(t) through the inductor
Q22, a positive electric pulse of a time-width T of t is induced and
transmitted into the bus 308. When a positive pulse of a time-width T of r
is received by the node 302, such is coupled by the capacitor 326 to the
resistor 338. The resistors 328, 333, 334 and the transistor 330 combine to
act as an inverter to invert the positive pulse to a negative pulse of
equal time-width, which is then inputted into the micro-controller or
processor 310 via its input port (I/P), thus completing the transmission
and reception of a signal. In Figs. 6 and 7, while it appears that the node
302 seems to transmit the electric pulse back to itself, such is only a
simplified way of showing a complete course of transmission and reception
of electric pulses. In an actual system, a first node may only include a
current mode transmitter, while a second node may only include a voltage
mode receiver, so that an electric pulse can only be transmitted fl0m the
first node and received by the second node (as shown in Fig. 4 herein).
Preferably, as shown in Fig. 5, the system may include a number of nodes
each including a current mode transmitter and a voltage mode receiver, so
that each node acts as a transceiver whereby electric pulses may be
transmitted and received among the nodes/   20 March 2002 -18 transceivers.
As can also be seen, the node 302 includes a bride rectifier 336 with t<vo
terminals for providing a non-polarity interface with the bus 308. The
bride rectifier further includes a + terminal and a - terminal. The current
mode transmitter 304 is coupled to the - terminal and the - terminal of the
bridge rectifier 336 for implementing a current loop for producing electric
current pulses to the bus ~ 08 to perform a current mode data transmission.
The voltage mode receiver 306 is also coupled to the + terminal and the -
terminal of the bridge rectifier 336 for recei~~ing voltage pulses on the
bus 308 to perform a voltage mode data reception. The node 30? also
includes a current couplin~ circuit 307 (including a constant current
source 306 and a zener diode 303) which is also coupled to the + terminal
and the - terminal of the bridge rectifier 336 for providing a regulated
direct current supply to the node 30?. The current mode transmitter 304
includes the transistor 309 with its collector coupled to the + terminal of
the bridge rectifier 336, its base for inputting data to be transmitted to
the transistor 309, and its emitter coupled to the - terminal of the bride
rectifier 336 via a resistor 338. The voltage mode receiver 306 includes
the transistor 330 with a base and a collector coupled to the - terminal of
the bridge rectifier 336 through the resistor 334 for outputting the data
received from the bus 308. The receiver 306 also includes the capacitor 326
which couples the base of the transistor 330 with the + terminal of the
bridge rectifier 336 through the resistor 338 for providing an AC path to
the bus 308. The current coupling circuit 307 includes the constant current
source 306 with two terminals, one of which being coupled to the + terminal
of the bridge rectifier 336 for sourcing a constant current. Another
terminal of the constant current source 306 is coupled to the - terminal of
the bridge rectifier 336 via the zener diode 303 for providing a regulated
DC voltage source. In a preferred embodiment of the above system, the
working voltage of the zener   20 March 2002 



-19diode 303 is about ~ volts, the potential of the DC power supply source
320 is approximately 24 volts, and the range of frequency of the current
and voltage pulses in the node 302 is ~-~OkHz. While only the transmission
and reception of a single negative,'positive electric pulse is described
above, it should of course be understood that, in the actual situation,
data are transmitted and received in the form of data packets. each
containing a number of positive and negative signals. In the preferred
embodiment 'according to the present invention, a positive pulse can only
follow a negative pulse. For this reason, each byte commences ~~ith a
negative start bit (to be discussed below). For the purpose of the
following discussion, it should be understood that a negative pulse on the
bus/transmission medium is defined as a logic low state, while a positive
pulse on the bus/transmission medium is defined as a logic high state. Put
another way, if a logic low is to be transmitted, a negative pulse has to
be transmitt:d to the bus. If a logic high is to be transmitted, then a
positive pulse has to be transmitted to the bus. In accordance v~~ith the
present invention, it is possible to assign different priority levels to
different nodes in the system, so that the node to which a higher priority
is assigned has a higher chance of transmitting its data/signals into the
bus. Referring first to Fig. 8, such shows the preferred data frame format
used in this system. This is a `'Manchester-like" data coding in which a
pulse of a pre-determined time duration of T represents a data bit "1"
(irrespective of whether it is a positive pulse or a negative pulse), while
two opposite pulses each of a time duration of T/2 combine to represent a
data bit "0" (irrespective of whether the first pulse is negative or
positive). Each byte includes eight data bits, a parity bit and a stop bit
(of a time duration of T). In the preferred embodiment of the present
system, and as shown in Fig. 9, the time duration T is 100s, and Tll is
thus IOUs) so that the data transfer rate is 10,000 bits per second.   20
March 2002 -20Turning to Fib. 10, such shows the data packet format adopted
in the present system. It can be seen that each data packet is separated
from the following one by a vl~aiting/idle time (to be discussed below) and
a start bit of the following data packet. As mentioned above, the nodes in
the present system can be assigned one of a plurality of priority levels.
Such is usually carried out when the system is set up via the priority
setting module 318 (see Fib. ~) of each node. For an example, and as shown
in Fig. 11, seven priority levels (from the 15` to the 7`~) are set up.
Each priority level corresponds to a range of waitin~/idle time separating
the transmission of data packets by the node to which the priority level is
assigned. In the preferred embodiment accordin' to FiQ. 11, the total
waiting time (in ms) equals to the sum of the basic waiting time (in ms)
which is specific to each particular priority level (15` to 7`h) and a
random waiting time (in ms) within the ran~e of 0-lms. For data packets
transmitted by a node to which a 15` class priority level is assigned, the
basic waiting time is the shortest, namely lms. A random waiting time
(between Oms to 1 ms) is then generated by the micro-controller or
processor of the particular node. The actual total w~aitin~ time is thus
between 1-2ms. For data packets transmitted by a node to which a 7`~ class
priority level is assigned, the waitin? time is the longest, namely 7ms.
Again, a random waiting time between Oms to 1 ms is then generated by the
micro-controller of the particular node. The actual total waiting time is
thus between 7-8ms. As a node will only attempt to transmit data packets
when the bus is checked to be available for transmission (to be discussed
below), the node to which a I5` class priority level is assigned will have
a much higher chance of transmitting its data packets than the node to
which a 7`~ class priority level is assigned. Although only seven priority
levels are assigned in this example, a different number of priority levels
can in fact be set up. In addition, more than one node may be assigned the
same priority level. For example, in a certain system, two nodes may be
assigned a 15` class priority level, and three nodes may be assigned a 3rd
class priority level.   20 March 2002 -21  Fig. 12 is a flowchart showing
how a node initials transmission of data packets. Before the node starts to
transmit a data packet, a waiting/idle time for the transmission of that
particular data packet will be generated. Such a waiting time comprises a
random waiting time generated by the micro-controller or processor of the
node, and a basic waiting time corresponding to the priority level assigned
to it. .4 waiting timer is then initialized. While waiting, the node will
check whether the bus is available/free for transmission. If not, the
waiting timer will be re-initialized, and the checking process is carried
out again. If the bus is found to be available,%free for transmission, but
the waiting time is not yet up, the node will keep on checking the
availability of the bus for transmission. If the bus is found to be
available,~free for transmission, and the waiting time is up, the node will
then start transmission of a data packet. The process will start again
v~.~hen the node seeks to transmit a second data packet, and so on. It can
be seen that, as mentioned above, a node to which a hi aher priority level
is assigned will have a hiQhcr chance of having its data packets
transmitted, than a node to which a lower priority level is assigned. The
above arrangement of assigning priority levels to the nodes forming the
system assists in avoiding collision in the transmission of datalsignals.
However, it is still possible that the respective waiting limo of two or
more nodes end at exactly the same time, so that they seek to transmit
their own data/signals at the same time. The method discussed below is then
used to prevent collision. As shown in Fig. 13, four nodes (A, B, C and D)
having the same priority level and the same total waiting time seek to
transmit a respective data packet at the same time. For the purpose of this
example only, only the start bit (ST) and first four data bits are shown.
In this example, node A seeks to transmit data "1111 ", node B seeks to
transmit data "0111 ", node C seeks to transmit data "0010" and node D
seeks to transmit data "0011 ". In this connection, the flowcharts in Fig.
14 and 1 ~ set out the procedure whereby collision is avoided. For a better
analysis of the process of collision avoidance, let us look back at Figs. 6
and 7. It can be seen that, in order to have a logic low on the bus, the
current   



20 March 2002 mode transmitter of the node must sink a current. 0n the
other hand, in order to have a logic hi?h on the bus, the transmitter must
be cut off. This shoves that the system is of the nature of a wired :4ND
logic. In other words, it only requires the transmitter of one node to sink
a current to bring about a logic low on the bus. However, in order to have
a logic high on the bus, all the transmitters of the nodes connected to the
bus!transmission medium have to be cut off. As the transmitters are cut off
when the relevant node is idle, we may also consider that a logic high is
being transmitted into the bus in this situation. A first node transmitting
a logic high into the bus may be considered to hand out the right to
control the bus. This first node then checks whether a second nodes) is
also using the bus by detecting if a logic low is being transmitted into
the bus. If there is such a second node(s), the first node, i.e. the node
transmitting a logic high into the bus, will have to back-off, i.e. the
first node will abort its own transmission, handing over the right to
control the bus to the second node(s). By ~ay of such an arrangement, the
transmission of the logic low by the second nodes) is in no way affected,
thus realizing collision-free transmission. In the case of node A shown in
Fig. 13, after initializing the transmission of a lo?ic-high data bit "I"
into the bus (starting from the time 1.0T), it checks whether the bus
correctly responds (a logic high). If no such logic high is found in the
bus, node A will have to back-off: If, however, a logic high is found in
the bus, the node will then continuously monitor whether this logic high
has been transmitted for its full time duration, which is T in this
instance when a logic-high data bit "I" is sought to be transmitted. If the
transmission has lasted for the full time duration of T, the node will
continue to send the nest bit. If not, the node will have to back off,
re-generate a waiting time, and w ait for transmission again. In this
example, although the node A seeks to transmit a logic-high data bit "1"
during the time period 1.5T to 2.0T, as the other three nodes B, C and D
are seeking to transmit a logic low, no logic high is present on the bus.
The node A has to back-off, thus discontinuing the transmission of its data
packet. It will then have to wait for a further time period before it can
try to transmit main. For the same reason, node B has to back-off when it
seeks to   20 March 2002 - 23  transmit the logic high data bit "1" during
the time period of ?.~T to 3.OT, in view of the fact that the other two
nodes C and D are seeking to transmit a logic low. While the flowchart in
Fig. 14 deals with procedure of backing-off when a node is seeking to
transmit a logic high data bit "1" (e.g. node A during the time period l
.OT to 2.0T), the flowchart in Fig. 15 deals with the procedure of
backing-off when a node is seeking to transmit the logic high part of a
data bit "0". As shown in Fig. 13, when the node C seeks to transmit the
final data bit "0", it has to transmit a logic hinh ,of a time duration of
T/2 to the bus in order to complete the whole data bit "0", during the time
period 4.~T to ~.OT. Again, it has to check whether a logic high is present
on the bus. If not (as in this case), collision is detected and node C has
to back off and discontinue its transmission of the data packet. If,
however, a logic high is detected on the bus, the node C has to monitor as
to whether the transmission~of this logic high has lasted for a time
duration of T/2. If so, it will then continue with the transmission of the
next bit. If not, the node C will have to back off, re-generate a new
waiting time, and wait for transmission again. As the network in the
present example is a wired-AND logic system, we have concentrated our
discussion and analysis on the back-off contr:bl during the transmission of
logic high. The steps for the transmission of a logic low into the bus by a
node are as follows. The node seeking to transmit a Ionic low into the bus
first checks the status of the bus to ensure that such is available for
transmission. If a logic high is detected on the bus, the node transmits
the logic low into the bus for the full period of the logic-low time-width.
If, however, no logic high is detected on the bus, the node will stop
transmission and back off. As can be seen in Fig. 13, although the four
nodes A, B, C, D seek to transmit a respectively different data packet into
the bus at the same time, at least one node (the node D in this example)
can successfully transmit its data packet. To node D, it transmits its data
signals as if no other node is transmitting at the same time. We can see
from the above analysis that this system constitutes a wir ed-:411D   20
March 2002 -24logic system, and collision-free communication is realized
through back-off control during the transmission of logic high into the
bus. It is, however, possible to change the whole system into a wired-OR
logic system by changing the current mode transmitter tom a sink current
transmitter to a source can ent transmitter. This means that a positive
pulse w111 be on the bus provided the source current transmitter of at
least one node transmits. However, the transmitters in all the nodes have
to be cut off together if a negative pulse is to be on the bus, or if the
system is to be in the idle state. In such a wired-OR system, it is
possible to realize collision-free communication by performing back-off
control during the transmission of logic low into the bus, in a manner
similar to the backing-off during the transmission of logic high signals
into the bus in a wired-A.~1D logic system. 



Fig. 16 is a schematic drawing of a four-node system in which the situation
shown in Fig. 13 occurs, and Figs. 17A to 24 show the change of the
currentlvoltage at~across various locations in the system. Figs. 17A to 17D
show the waveform of the respective voltage vQ, vb, v~ and vd at the
micro-controllerlprocessor output (O!P) of each of the four nodes A, B, C
and D over time. As the transmitter constitutes an inverter in terms of
logic, vve can see that the waveforms in Figs. I 7 A to 17D are opposite to
that shown in Fig. 13. It can be seen that, of these four nodes A, B, C and
D, only node D can successfully output all the data bits which it seek to
transmit. Fig. 18A to 18D show the waveform of the respective sink current
iQ, ib, i~ and id entering each respective node over time. Each sink
current (io, ib, i~, id) includes a basic current (lo, Ib, I~, Id) and a
transmitter current (1,). It can be seen that there is a surge of the sink
current (iQ, ib, i~, id) whenever a negative pulse is transmitted into the
bus by the relevant node. As the node A 302a' cannot successfully transmit
the first data bit "1 ", there is only a surge of the inflow of the sink
current iQ from Ia to Ia + Ir when the start bit is successfully
transmitted, in which IQ is the basic s5~stern current flowing into the
node A when it is not transmitting. As to the node B 302b', and as shown in
Fig. 18b, as it can only successfully transmit the first data bit "0",
there is only a corresponding increase in current inflow (ib) from Ib to Ib
+ h when the start bit and the first data bit "0" are transmitted, in which
Ib is the basic system current   20 March 2002 -2~flowing into the node B
when it is not transmitting. Figs. 18C and 18D show the change of the
current i~ and id flowing into the node C 302c' and D 30?d' respectively.
Figs. 19A to 19D show the waveform of the input (IiP) voltage (vQ, vb,
1~~,1~~) of the respective micro-controlleriprocessor 310 of each of the
nodes A, B, C and D. It can be seen that all micro-controllerslprocessors
3I0 receive the same series of electrical pulses, which correspond to the
electrical pulses transmitted by the node D as indicated in Fig. 16,
meaning that all these nodes A, B, C and D receive the data transmitted by
the node D only, and such are the only data that can be transmitted
successfully into the bus 308. The v~.-aveform of the total DC current i on
the bus over time is shown in Fig. 20. The total DC current i on the bus at
any time is, in this example. the sum total of iQ, ib, i~ and id (see Figs.
18A to 18D) at that time. The maximum value of i is equal to In + .~1,
(assuming that the transmitter current of each of these four nodes is I,
and all the nodes are transmitting the start bit simultaneously) in which
to is the total current flowing through the system when no node is
transmitting, and is the sum total of IQ, Ib, 1~ and Id in this example. As
to the electric current i~ flowing through the inductor 322 at any given
point of time, such is shown in Fig. 21. It can be seen that this current
i~ is always no less than Io and no more than Io + I,, and varies in
accordance with the electric voltage vp across the bi-directional clamp 3?4
(to be discussed below). As to the current ip flowing through the
bi-directional voltage clamp 324, such is shown in Fig. 22. Its maximum
value is 41r when all four nodes A 302a', B 30?b', C 302c' and D 302d' are
transmitting the start bit of their respective data packet. It can be seen
that ip may sometimes be of a negative value. Such means that the current
ip is flowing in a direction opposite to that as shown in Fig. 16, and thus
through the upper pair of diodes in the voltage clamp 324. As to the
voltage vp across the bidirectional voltage clamp 324, such is shown in
Fig. 23, and it fluctuates between a positive "clamp voltage" and a
negative "clamp voltage". As to the voltage v in the bus 308, such is shown
in Fig. 24, as fluctuating between Vo + Clamp Voltage and Y o   20 March
2002 - 26  - Clamp Voltage, in which Yo is the electric potential of the DC
power source 320. V~%e can therefore see that, when the current mode
transmitter 304 transmns, an AC component of an amplitude of Clamp Y'oltage
is superimposed on the DC voltage, thus realizing the conversion of
electric current into electric voltage. In addition, the amplitude of the
electric voltage does not depend on the value of the electric current in
the transmitter, so that the amplitude of the electric voltase is not
affected even when several nodes are transmitting at the same time. ' The
above analysis is made on the basis of the basic structure of the system
100 shov~m in Fig. 3. Stated simply, the system 100 in Fig. 3 includes a
bus 104 with two wires, in which the bus 104 carries the electric power,
current signals and voltage signals. The bus 104 is also polarity
insensitive to the nodes 102. However, them can be variations in actual
application. One may, for example, separate the power path in the bus, or
separate the current path from the voltage path. Fig. 2~ shows an example
of such an embodiment. Fig. 26 shows a system 400 with three nodes 403
inter-connected with one another, and with a currentlvoltage convener 404
via a bus 406. Each of the nodes 402 is a transceiver including a current
mode transmitter 408 and a voltage mode receiver 410. The currentlvoltage
converter 404 includes a current terminal 4I3 and a voltage terminal 414.
The current terminal 412 of the cutrentlvoltage converter 404 is connected
with the current mode transmitters 408 of the nodes 402 on the bus 406 to
form a current transmission path (Tx) of the bus 406. On the other hand,
the voltage terminal 4l4 is connected with the voltage mode receiver 410 of
the nodes 402 on the bus 406 to form a voltage receiving path (Rx) of the
bus 406. The nodes/transccivers 402 on the bus 406 obtain the necessary
electric power from a DC power source 416 through a V+ path of the bus 406.
with the inclusion of a Ground path (Gnd), the bus 406 includes a total of
four wires. The currentlvoltage converter 404 may be realized by a current
loop receiver   20 March 2002 



_?~_ (e.g, HCPL-4200 of Hewlett Packard). As to application module and
current mode transmitter, one may adopt the structures discussed above. As
it is not necessary for the voltage mode receivers 410 to isolate the DC
power potential from the bus, no input capacitor is required. As discussed
above, one of the major advantages of separating the power path from the
signal path is that the current controller l08 shown in FiQ. 3 is no longer
required. On the other hand, one of its major disadvantages is that, with
the increase in the number of wires in the bus 406, not only is it not
possible to realize polarity insensitivity, the chance of mis-wiring will
also increase. Apart from the increase in the number of wires in the bus
406, there is not much difference in the nature of the system 400 with that
as shown in Fig. 3. This system 400 also supports the simultaneous
transmission of signals by more than one node 402, and is still a
real-time-response and wired-AND logic system. The priority setting and
collision-free communication method discussed above can also be implemented
in this system 400. It is clear from the foregoing discussions that a mixed
mode multidrop network system according to the present invention possesses
the following advantages and characteristics: A. Such a network system
successfully combines the advantages of voltage mode networks and current
loop systems. As the receivers in such a network system have a high
impedance, and the bus in the network exhibits a low impedance, DC can flow
through the system almost without resistance (which enhances the operation
of a link power system), the interference of AC of ~0/60Hz can be
effectively filtered. Such characteristics are particularly important for a
control system. Thus, in the field of control, the use of a mixed mode
network according to the present invention is more advantageous. B. Such is
a link power network system, allowing the simultaneous distribution of
power and signals/data along the same twisted pair wire. Such allows easy
installation by the users, and enhances the integration of the nodes with
the   20 March 2002 -28network. In such a system, electric power is coupled
from the bus using a constant current source. Such a coupling method is of
a high impedance) thus causing minimal effect on the signalsldata in the
bus. In addition, the transceivers in such a system are connected directly
to the bus, thus avoiding the use of transformers. Such w111 reduce the
size and cost of the system, and can enhance its reliability. C. Such a
system adopts the simplest and most common single unshielded twisted pair
(UTP) wire as the bus/ transmission medium. As there are only two wires and
they are not of any polarity (because of the bridge rectifier 230, 232
shown in Fia. 4 and discussed above), the possibility of mis-wiring does
not exist in this system, and such allows convenient installation and
wiring. D. Such is a decentralized network system in which each node can
function independently. It is thus relatively easy to expand the system. In
addition, the present network system is a zero dominion system (i.e. a
non-master!slave or nonannouncerllistener structure) in which each node may
be a master/announcer, and may also be a slave/Iistener. Each node listens
to the bus a11 the time and can, according to its needs, transmit
signals/data into the bus. E. Such a network system adopts a random access
control method, in which any node is allowed to transmit when the
bus/transmission medium is free {subject to the control of priority
setting). Polling is not required in the present invention. Such enhances
the efficiency of communication within the system, and the versatility of
the nodes. F. In order to achieve the collision-free communication in the
present invention, the present system possesses a number of
characteristics: 



(a) an appropriate network structure - the network structuire in the
present system ensures that even in case of multiple simultaneous access,
the digital signals in the transmission media will still present a
predetermined togic state, i.e. no uncertain logic state will exist and a11
logic states can be effectively identified; (b) an access control mechanism
of immediate response - the receiver and transmitter in each of the nodes
are controlled directly by a micro-controller or processor, which can
ascertain the state of the bus on a real-time basis.   20 March 2002 - 29
When a node detects a collision, it can back-off in time; and (c)
appropriate data format and communication protocol. G. In such a system,
even if more than one node transmit different data packets at the same
time, at least one node will successfully transmit its whole data packet,
thus realizing collision-free transmission. H. In such a system, a number
of different priorities are established. During a period of busy
communication, a node to which a higher priority is assigned will have a
higher chance of being able to transmit its data/data packets. I. Such a
system is suitable for use in carrying out sensing, communication and
control functions.   20 March 2002 -30What is claimed is: 1. A digital data
communication network system including a power supply means and at least
two nodes, wherein said power supply means and said nodes are connected to
one another via a transmission media whereby digital signals!data 



are transmissible between said nodes, wherein said power supply means
supplies electric power to said nodes, and wherein at least one of said
nodes includes a current mode transmitter and at least one of said nodes
includes a voltage mode receiver. 2. The system according to Claim 1
wherein at least one of said plurality of nodes includes a current mode
transmitter and a voltase mode receiver. 3. The system according to Claim 2
wherein a plurality of said nodes include a current mode transmitter and a
voltage mode receiver. 4. The system according to Claim 3 wherein each of
said nodes includes a current mode transmitter and a voltase mode receiver.
The system according to Claim 1 wherein said transmission media is a
unshielded twisted pair wire. 6. The system according to Claim 1 wherein
said system includes pulse generating means through which electric current
from said power supply means passes to induce a voltage pulse. 7. The
system according to Claim 6 wherein said pulse generating means comprises a
current to voltage converter means. 8. The system according to Claim 6
wherein said pulse generating means is connected in parallel to a current
controller. 9. The system according to Claim 1 wherein said power supply
means comprises a DC power source. 10. The system according to Claim 1
wherein said voltage mode receiver includes a capacitor and an inverter
means. 11. A digital data communication system for delivering digital
signals from a current mode transmitter to a voltage mode receiver, said
system including: an electrically conductive cable coupling said
transmitter and said receiver with each other, thereby providing a digital
data communications path; DC power supply means for producing a
pre-determined electric potential,   20 March 2002 1? 13. 14 1~. 



16. _31 _ said power supply means having a first voltage terminal and a
second voltage terminal; current control means coupling said first voltage
terminal of said po~1 er supply means to said cable for providing a first
electric current path, said first electric current path operating as a low
impedance path for DC current; voltage control means connected in parallel
with said current control means for controlling the voltage amplitude
across said current control means, and for providing a second electrical
path for transient electric current; connecting means coupling said second
voltage terminal of said power supply means to said cable to provide a
power distribution path; wherein said current mode transmitter is coupled
to said cable for implementing a current loop, wherein said transmitter
produces current pulses in said current loop to perform a current mode
digital data transmission; and wherein said voltage mode receiver is
coupled to said cable for receiving voltage pulses on said cable produced
by said voltage control means to perform a voltage mode digital data
reception. The system according to Claim 11 wherein said conductive cable
comprises a single tu~~isted pair wire. The system according to Claim 11
wherein said current control means comprises a cored inductor. The system
according to Claim 11 wherein said voltage control means comprises a
bi-directional voltage clamp. The system according to Claim 11 wherein said
pre-determined electric potential is substantially 24 volts. The system
according to Claim 11 wherein each of said current mode transmitter and
said voltage mode receiver includes: a bridge rectifier having two
terTninals coupled to said cable for providing a non-polarity interface
with said cable, said rectifier further includin~ a + terminal and a -
terminal; a constant current source having a first current terminal and a
second current terminal, wherein said first current terminal is coupled to
said + terminal; and   20 March 2002 -32a zener diode coupling said second
current terminal of said constant current source to said - terminal of said
rectifier to provide a power supply to said transmitter and said receiver.
17. The system of Claim 16 wherein said transmitter further includes: 



a transistor with a collector coupled to said + terminal of said rectifier,
a base for inputting data to be transmitted into said transistor, and an
emitter; and a resistor coupling said emitter of said transistor and said -
terminal of said rectifier for implementing a transmission output current
loop. 18. The system according to Claim 16 wherein said receiver includes
an input capacitor for isolating the direct current potential on said +
terminal of said bridge rectifier. 19. A digital data communication network
system for distributing power and for providing signal passing capabilities
through a bus, said network includin~: a plurality of nodes each including
a mixed mode data bus transceiver for generating electric current pulses
and receiving electric voltage pulses; an electrically conductive cable
coupling said nodes with one another to provide a path for power delivery
and data communications; a DC power supply means for producing a
pre-determined electric potential, said power supply means having a first
voltage terminal and 'awsecond voltage terminal; current control means
coupling said first voltage terminal of said power supply means to said
cable for providing a first DC current low impedance path; voltage control
means connected in parallel with said current control means for controlling
the voltage amplitude across said current control means and providing a
second current path for transient current; and connection means coupling
said second voltage terminal of said power 



supply means to said conductive cable to provide a power distribution path.
20. The system according to Claim 19 wherein said conductive cable
comprises a single twisted pair wire. 21. The system according to Claim 19
wherein said current control means includes a cored inductor. 22. The
system according to Claim 19 wherein said voltage control means includes
20 March 2002 - 33 a bi-directional voltage clamp. 23. The system according
to Claim 19 wherein said pre-determined electric potential is substantially
24 volts. 24. The system according to Claim 19 wherein the frequency of
said pulses is substantially between kHz to SOI:Hz. 2~. The system
according to Claim 19 wherein each of said nodes includes a
microcontroller/processor. 26. The system according to Claim 19 wherein
said data bus transceiver includes: a bridge rectifier having a first and a
second connection terminal for providing a non-polarity interface with said
bus, said rectifier further including a + terminal and a - terminal; a
current mode transmitter coupled to said + terminal and said - terminal of
said rectifier for implementing a current loop for producing electric
current pulses to said bus to perform a current mode data transmission; a
voltage mode receiver coupled to said + terminal and said - terminal of
said rectifier, said receiver receiving voltage pulses on said bus to
perform a voltage mode data reception; and current coupling means coupled
to said + terminal and said - terminal of said rectifier for providing a
regulated direct current supply to said transceiver. 27. The system
according to Claim 26 wherein said transceiver includes a transmitter
including: a transistor with a collector coupled to said + terminal of said
rectifier, a base for inputting data to be transmitted to the transistor,
and an emitter; and a resistor having a first terminal coupled to said
emitter of said transistor and a second terminal coupled to said - terminal
of said rectifier. 28. The system according to Claim 26 wherein said
transceiver includes a receiver includina: a transistor with a collector
coupled to said - terminal of said rectifier through a resistor for
outputting the data received from said bus, and a base; and a capacitor
coupling said base of said transistor with said + terminal of said
rectifier through a resistor for providing an AC path to said bus. 



29. The system according to Claim 26 wherein the current coupling means
20 March 2002 -34 includes: a constant current source having a first
terminal and a second terminal, wherein said first terminal is coupled to
said + terminal of said rectifier for sourcing a constant current; and a
zener diode coupling said second terminal of said constant current source
and said - terminal of said rectifier for providing a regulated DC voltage
source. 30. A transceiver adapted to transmit and receive digital signals
on a data bus which delivers direct current power and digital data
simultaneously, said transceiver including: a bridge rectifier having two
connection terminals adapted to provide a non polarity interface with said
bus, said rectifier further including a + terminal and a - terminal; a
current mode transmitter coupled to said + terminal and said - terminal of
said rectifier for implementing a current loop adapted to produce electric
current pulses to said data bus to perform current mode data transmission;
a voltage mode receiver coupled to said + terminal and said - terminal of
said rectifier, said receiver being adapted to receive electric voltage
pulses on 



said data bus to perform voltage mode data reception; and a current
coupling means coupled to said + terminal and said - terminal of said
rectifier, said current coupling means being adapted to provide a regulated
direct current supply to said transmitter and said receiver and other means
in said transceiver. 31. The transceiver ~~ cording to Claim 30 wherein
said transmitter includes: a transistor with a collector coupled to said +
terminal of said rectifier and a base for inputting the data to be
transmitted, and an emitter; and a resistor having a first terminal coupled
to said emitter of said transistor and a second terminal coupled to said -
terminal of said rectifier. 32. The transceiver according to Claim 30
wherein said receiver includes: a transistor with a collector coupled to
said - terminal of said rectifier through a resistor for outputting the
data received, and a base; and a capacitor coupled with said base of said
transistor and said + terminal of said rectifier through a resistor, and
being adapted to provide an AC path to said   20 March 2002 -35 bus. 33.
The transceiver according to Claim 30 wherein said current coupling means
includes: 



a constant current source having a first terminal and a second terminal.
wherein said first terminal is coupled with said + terminal of said
rectifier and adapted for sourcing a constant current; and a zener diode
coupled with said second terminal of said constant curt ent source and said
- terminal of said rectifier, and adapted to provide a regulated DC
electric voltase. 34. The transceiver according to Claim 33 wherein the
working voltage of said zener diode in said coupling means is substantially
~ volts. 3 ~. The transceiver according to Claim 30 wherein the
pre-determined DC potential of said power is substantially 24 volts. 36.
The transceiver according to Claim 30 wherein the range of frequency of
said current and voltage pulses in said transceiver is 5-~0 kHz. 3 7. The
transceiver according to Claim 30 wherein said other means includes a
micro-controller/processor. 3 8. A method of communication in a mixed mode
communication and control network s;~stem, wherein said system includes at
least a first node, a second node, a power supply means, and current to
voltage converter means connected with one another via a bus, comprising
the steps of: (a) generating at least a first electric pulse by said first
node; (b) transmitting said first electric pulse to said power supply means
in the form of an electric current; (c) causing a first electric current
from said power supply means to pass through said current to voltase
converter means to induce at least a second electric pulse; and (d)
transmitting said second electric pulse into said bus. 3 9. The method
according to Claim 3 8 wherein said first electric pulse is generated 



by a micro-controller/processor. 40. The method according to Claim 39
wherein said first electric pulse is generated by said
micro-controller/processor upon a change in state of an application   20
March 2002 -36 module. 41. Tre method according to Claim 38 wherein said
current to voltage convex ~e; mea.~s is connected in parallel with a
cu.-rent control means. 4''. Tne method according to Claim 38 wherein a
second electric cur,-ent pzses through said current control mea.~s when
said first electric curent passes through said cu.-rent to voltage
converter means. 4 ~. The method according to Claim 42 wherein the
magnitude of said second electric cun-ent passing through said curent
control means varies at least in part in accordance with the period of time
during which said second electric current passes through said current
control means. 44. The method according to Claim 42 wherein Lhe magnitude
of said second electric current passing through said current control means
depends at least in part on the electric voltage across said current
control means. 4~. The method according to Claim 38 wherein the polarity of
said first electric pulse is opposite to the polarity of the second
electric pulse. 



4fi. The method according to Claim 38 wherein said second electric pulse is
received by said second node. 47. The method according to Claim 46 wherein
said second node includes a voltage mode receiver for receiving said second
electric pulse. 48. The method according to Clairn 47 wherein said voltage
mode receiver of said second node includes inverter means for inverting the
polarity of said second electric pulse. 49. The method according to Claim
48 wherein said inverted second electric pulse is inputted into a
micro-controllerlprocessor of said second node. [Claims 50 - 68 ha~~e been
deleted].   20 March 2002 - 37  69. A tra:~sceive: adapted to tra.~smit and
receive digital signalsidata via a m:xe mode bus which delivers direct
current power and digital data si.multaneous;~~. said transceiver including
current mode tra.~smitter means for implementins a current loop adapted to
produce electric current pulses to said bus to perform. a current mode data
transmission, and voltage mode receiver means for receiving electric
voltage pulses on said bus to perform voltage mode data reception. 70. The
transceiver according to Claim 69 wherein said transceiver further includes
bridge rectifier means for providing a polarity insensitive interface with
said bus. 71. The transceiver according to Claim 69 wherein said
transceiver further includes current coupling means for providing x
regulated direct current source. 72. The transceiver according to Claim 69
wherein said transmitter means comprises a sink current loop driver. 7~ .
The transceiver according to Claim 69 wherein said receiver means includes
an input capacitor and an inverter means. 7~. The transceiver according to
Claim 69 wherein said transceiver further includes a
micro-controller'processor. 7~. The transceiver according to Claim 69
wherein the range of frequency of said current and voltage pulses is
~-50kHz. 76. The transceiver according to Claim 69 wherein the
pre-determined DC potential of said power is substantially 24 volts. 77.
The transceiver according to Claim 69 wherein said transceiver further
includes a sensor module. 



78. The transceiver according to Claim 69 wherein said tyransceiver further
includes a control module. 79. The transceiver accordir.~ to Claim 69
wherein said transceiver further includes a priority setting module. 80.
The transceiver according to Claim 71 wherein said current coupling means
comprises a constant current source connected in series with a zener diode,
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