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MIXED MODE TRANSCEIVER DIGITAL 
CONTROL NETWORK AND COLLISION-FREE 

COMMUNICATION METHOD 

[0001] This invention relates, in general, to the ?eld 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 

[0002] Home and building automation is an important area 
in the development of modem technology, of Which the 
design of control systems is one of its crucial areas. Many 
proposals have been put forWard in this ?eld, e.g. “X-lO”, 
“LonWork”, “CEBus” and “EIB”. 

[0003] Home and building control systems are compli 
cated and multi-faceted systems. Stand-alone or point-to 
point products clearly cannot ful?ll 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 (eg 
sWitches, sensors, timers, telephones, computers, etc.) in the 
light of the needs, in order to realiZe various control func 
tions, e.g. integrated control and monitoring of lighting, 
energy, access and security at home or office. 

[0004] CentraliZed control system is a Well-knoWn tech 
nology. HoWever, the application of such a technology in 
home and building automation has met With various prob 
lems, e.g. complicated Wiring (due to the large number of 
Wires required), dif?culty in extending the system (as there 
is usually a ?Xed 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 (eg the Whole system Will not 
function When there are problems With the central unit). 

[0005] At present, there are many media access control 
(MAC) methods, eg token passing, polling, circuit sWitch 
ing, and time-division multiple access (TDMA), etc. HoW 
ever, 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 is thus one of 
the feW methods Which can meet the requirements of a 
real-time control. 

[0006] In a random access system, it is possible that more 
than one node seek to transmit signals/data at the same time, 
resulting in a collision. Various methods have 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 
CSMA/CA (Carry Sense Multiple Access With Collision 
Avoidance). HoWever, irrespective of the method used, if 
tWo or more nodes transmit signals/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 ef?ciency. 

[0007] Most current communication netWorks do not con 
sider tie issue of priority. If the data packets to be transmitted 
are not queued sequentially, each has to Wait for the same 
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pre-determined period of time before it is transmitted. This 
is a conventional method for, and does not cause much 
dif?culty to, a communication system. HoWever, the issue of 
priority becomes very important to a control system. The 
difference could be very signi?cant since different nodes 
may carry out different functions Within the system. In case 
of emergency, serious problems may arise if certain impor 
tant signals/data cannot be transmitted by a particular node. 

[0008] 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 Wiring 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. 
[0009] 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/trans 
mission medium. Because of the use of 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 trans 
former is connected to the netWork. 

[0010] 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 

[0011] According to a ?rst 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 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. 

[0012] According to a second aspect of the present inven 
tion, 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 elec 
trically conductive cable coupling said transmitter and said 
receiver With each other, thereby providing a digital data 
communications path; DC poWer supply means for produc 
ing a pre-determined electric potential, said poWer supply 
means having a ?rst voltage terminal and a second voltage 
terminal; current control means coupling said ?rst voltage 
terminal of said poWer supply means to said cable for 
providing a ?rst electric current path, said ?rst 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 ampli 
tude across said current control means, and for providing a 
second electrical path for transient electric current; connect 
ing means coupling said second voltage terminal of said 
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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 trans 
mission; 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. 

[0013] According to a third aspect of the present inven 
tion, 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 receiv 
ing 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 poten 
tial, said poWer supply means having a ?rst voltage terminal 
and a second voltage terminal; current control means cou 
pling said ?rst voltage terminal of said poWer supply means 
to said cable for providing a ?rst 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 distri 
bution path. 

[0014] According to a fourth aspect of the present inven 
tion, 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 trans 
ceiver including a bridge recti?er having tWo connection 
terminals adapted to provide a non-polarity interface With 
said bus, said recti?er further including a +terminal and a 
—terminal; a current mode transmitter coupled to said +ter 
minal and said —terminal of said recti?er 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 recti?er, 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 recti?er, 
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. 

[0015] According to a ?fth 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 ?rst 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 ?rst electric pulse by said 
?rst node; (b) transmitting said ?rst electric pulse to said 
poWer supply means in the form of an electric current; (c) 
causing a ?rst 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. 
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[0016] According to a siXth aspect of the present inven 
tion, there is provided a method for medium access control 
in a miXed mode communication and control netWork sys 
tem, Wherein said system includes at least a ?rst 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 ?rst node generating a Waiting 
time on the basis of the priority level assigned thereto; (d) 
said ?rst node checking Whether said bus is free for trans 
mission; (e) said ?rst node checking Whether the said 
Waiting time has expired; repeating steps (d) and (e) until 
the Waiting time has eXpired; and (g) commencing trans 
mission of a ?rst data packet by said ?rst node if said bus is 
free for transmission. 

[0017] According to a seventh aspect of the present inven 
tion, there is provided a method of transmitting data in a 
miXed mode communication and control netWork system, 
Wherein said system includes at least a ?rst node and a 
second node each being adapted to transmit pulses into a bus 
via Which said nodes are connected With each other, includ 
ing the steps of (a) said ?rst node causing a pulse of a ?rst 
polarity. to be transmitted into said bus; (b) said ?rst node 
checking Whether a pulse of said ?rst polarity appears on 
said bus; and (c) ?nishing sending said pulse of said ?rst 
polarity into said bus for the full period of pulse time-Width 
if a pulse of said ?rst polarity is detected on said bus in step 

(b). 
[0018] According to an eighth aspect of the present inven 
tion, there is provided a method of transmitting at least one 
data packet for providing a collision-free communications in 
a miXed-mode multi-drop random access digital control 
netWork, Wherein said netWork includes at least a ?rst 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: 

[0019] (a) When said ?rst node seeks to transmit said 
logic loW into said bus, said ?rst node; 

[0020] (1) checks logic state from said bus; 

[0021] (2) starts to transmit said logic loW into said 
bus if said bus presents logic high in step (1) above; 

[0022] (3) completes transmitting said logic loW into 
said bus for the full period of the time-Width of the 
said logic loW; and 

[0023] (b) When said ?rst node seeks to transmit said 
logic high into said bus, said ?rst node: 

[0024] (1) starts to transmit said logic high into said 
bus; 

[0025] (2) checks logic state from said bus; 

[0026] (3) checks Whether a pre-determined Waiting 
time is up; and 

[0027] (4) repeats steps (b)(2) and (b)(3) until said 
?rst node completes transmission of said logic high 
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into said bus for the full period of the time-Width of 
said logic high if said bus keep on presenting logic 
high in step 

[0028] According to a ninth aspect of the present inven 
tion, there is provided a method of transmitting at least one 
data packet for providing a collision-free communications in 
a miXed-mode multi-drop random access digital control 
network, Wherein said netWork includes at least a ?rst 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. 

[0029] (a) When said ?rst node seeks to transmit said 
logic high into said bus, said ?rst node: 

[0030] (1) checks logic state from said bus; 

[0031] (2) starts to transmit said logic high into said 
bus if said bus presents logic loW in step (1) above; 

[0032] (3) completes transmitting said logic high into 
said bus for the fall period of the time-Width of the 
said logic high; and 

[0033] (b) When said ?rst node seeks to transmit said 
logic loW into said bus, said ?rst node: 

[0034] (1) starts to transmit said logic loW into said 
bus; 

[0035] (2) checks logic state from said bus; 

[0036] (3) checks Whether a pre-determined Waiting 
time is up; and 

[0037] (4) repeats steps (b)(2) and (b)(3) until said 
?rst 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 

[0038] According to a tenth aspect of the present inven 
tion, 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 simulta 
neously, 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 

[0039] Preferred embodiments of the invention Will noW 
be described by Way of examples, and With reference to the 
accompanying draWings, in Which: 

[0040] FIG. 1 is a schematic diagram of a conventional 
voltage mode multi-drop netWork system; 

[0041] FIG. 2 is a schematic diagram of a conventional 
current mode multi-drop netWork system; 

[0042] FIG. 3 is a schematic diagram of a ?rst miXed 
mode multi-drop netWork system according to the present 
invention; 
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[0043] FIG. 4 is a schematic block diagram of a ?rst 
embodiment of an application system according to the 
present invention; 

[0044] FIG. 5 is a schematic block diagram of a second 
embodiment of an application system according to the 
present invention; 

[0045] FIG. 6 shoWs the current How 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. 5; 

[0046] FIG. 7 shoWs the current How and the voltage 
change at certain points of the sytem 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 shoWn in FIG. 5; 

[0047] FIG. 8 shoWs the data frame format used in the 
system according to the present invention; 

[0048] FIG. 9 shoWs the data bits format used in the 
system according to the present invention; 

[0049] FIG. 10 shoWs the data packet format used in the 
system according to the present invention; 

[0050] FIG. 11 is a table shoWing the respective Waiting 
time of the priority levels; 

[0051] FIG. 12 is a ?oWchart shoWing the process 
Whereby a node initials a transmission; 

[0052] FIG. 13 is a timing chart shoWing a method for 
access control and collision avoidance according to the 
present invention; 

[0053] FIGS. 14 and 15 are ?oWcharts shoWing the 
back-off method for collision avoidance; 

[0054] 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 signals/data simul 
taneously; 
[0055] 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; 

[0056] FIGS. 18A to 18D shoW the respective Waveform 
of the sink current i,, ib, ic, and id of the four nodes in FIG. 
16; 
[0057] FIGS. 19A to 19D shoW the respective Waveform 
of the voltage at the input of the micro-controller of the four 
nodes in FIG. 16; 

[0058] FIG. 20 shoWs the Waveform of the DC supply 
source current i of the system shoWn in FIG. 16; 

[0059] FIG. 21 shoWs the Waveform of the inductor 
source current i1 of the system shoWn in FIG. 16; 

[0060] FIG. 22 shoWs the Waveform of the current i 
?oWing through the bi-directional clamp of the system 
shoWn in FIG. 16; 

[0061] FIG. 23 shoWs the Waveform of the voltage vp 
across the bi-directional clamp of the system shoWn in FIG. 
16; 
[0062] FIG. 24 shoWs the Waveform of the bus voltage v 
of the system shoWn in FIG. 16; and 
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[0063] FIG. 25 is a schematic diagram of a second mixed 
mode multi-drop network system according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0064] 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 trans 
ceivers 10 (eg EIA-485) of such a system 14 operate by 
means of electric voltage. The digital signals/data transmit 
ted through the transmission media (i.e. the bus 12) 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-485 transceiver usually 
has a fanning-out capacity of 32. HoWever, a smaller capaci 
tance and a higher impedance Will reduce the anti-interfer 
ence capacity of the system. As a result, a voltage mode 
netWork, as compared With a current mode netWork (to be 
discussed beloW), is more easily interfered by outside elec 
tromagnetic ?eld. 

[0065] As to a “current mode netWor ”, such usually 
refers to a current mode/loop multi-drop system, a schematic 
diagram of Which is shoWn in FIG. 2. As shoWn 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 20 includes a current mode 
transmitter 26 and a current mode receiver 28. In such a 
system, the transmitter (e.g. HCPL-4100 of HeWlett Pack 
ard) and receiver (e.g. HCPL-4200 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 different magnitude (Mark/Space). As the 
receiver of a current mode system has a loW input imped 
ance, such a system usually has a higher anti-interference 
capacity. HoWever, as all 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. 

[0066] A miXed mode multi-drop netWork system 100 
according to the present invention is shoWn schematically in 
FIG. 3. As can be seen, three nodes/mixed mode transceiv 
ers 102 are connected With one another to form the system 
100 via a bus 104 in the form of a single unshielded tWisted 
pair (UTP) Wire. Each node 102 includes a current mode 
transmitter 102a and a voltage mode receiver 102b. The 
transmitter 102a of the respective nodes 102 transmits 
signals/data via the bus 104 to other node(s) 102, and the 
receiver 102b of the respective nodes 102 receives signals/ 
data from other node(s) 102 via the bus 104. It should be 
noted that the digital signals/data transmitted by the trans 
mitters 102a are in the form of electric current of different 
magnitude (Mark/Space). On the other hand, the digital 
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signals/data received by the receivers 102b are in the form 
of different (high or loW) levels of electric voltage. 

[0067] 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 system, in Which the magnitude of the electric current 
i(vp, 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 ?oWs through the current control 
ler 108. Connected in parallel With the current controller 108 
is a voltage controller (also called a current to voltage 
converter) 110. This voltage controller 110 ensures that the 
electric current from different transmitters 102a Will be 
converted into the same electric voltage for transmission 
into the bus 104. Another function of the voltage 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. 
1.5V-3V. 

[0068] A ?rst embodiment of an application system 
according to the present invention is shoWn schematically in 
FIG. 4. This system 200 includes a netWork poWer supply 
202 electrically connected to tWo nodes 204a, 204b. The 
netWork poWer supply 202 is electrically connected With the 
nodes 204a, 204b via a bus 206 (in the form of a single 
unshielded tWisted pair (UTP) Wire). 

[0069] The netWork poWer supply 202 includes a DC 
poWer source 208, and a converter (Which acts as a pulse 
generator) comprising a current controller in the form of a 
cored inductor 210 and a voltage controller/current to volt 
age 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. 

[0070] 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 recti?er 230. The current 
coupling circuit 228 directly couples the DC current in the 
bus 206 While not affecting the digital signals 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 224. In this embodiment, the sensor 224 is in the 
form of a sWitch. The transistor 218 is connected to the 
output port (O/P) of the micro-controller or processor 222 
(eg INTEL 80C51 series), Which controls the operation of 
the current mode transmitter 216. The current coupling 
circuit 228 includes a Zener diode 229 for providing a 
regulated and stable direct poWer source to the node 204a. 
The VDD 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 system. 

[0071] As to the node 204b, such includes a voltage mode 
receiver 226, a current coupling circuit 234 and a bridge 
recti?er 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 signals in the bus 206. As to 
the voltage mode receiver 226, such includes a capacitor 236 






















