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(57) ABSTRACT 

A device for incorporation into a variety of consumer 
appliances for use in a home automation environment. The 
invention comprises an electronic hardWare module having 
softWare resident on the module, providing an interface 
betWeen an appliance and other elements on a communica 
tions system employing the “Consumer Electronics Bus” 
protocol. The present invention interprets data messages 
sent to the appliance and signals the appliance in a prepro 
grammed manner. Also, the invention can be programmed to 
generate a speci?c data message for transmission to another 
appliance. The invention accommodates the various com 
munication media, levels of electrical noise, and operating 
speeds alloWed by the “Consumer Electronics Bus” proto 
col. 
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METHOD AND APPARATUS FOR REMOTELY 
MANAGING MULTIPLE APPLIANCE CONTROL 

CONFIGURATIONS 

FIELD OF THE INVENTION 

[0001] The present invention relates to system remote 
control interfaces, in particular to remote control interfaces 
associated With appliances and other consumer devices 
operable in response to commands provided over an avail 
able medium, such as the poWer lines. 

BACKGROUND OF THE INVENTION 

[0002] The groWth in electronic complexity and sophisti 
cation of consumer appliances has folloWed similar devel 
opments in office automation. Many appliances noW contain 
microprocessors With memory and input/output to replace 
mechanical controls. These electronics initially Were 
employed to loWer manufacturing costs, but noW are incor 
porated to enhance the appliance features. Examples include 
the operation of a Washing machine for a variety of clothing 
materials With a single selection by the user, or a telephone 
set With memory and last-number redial. 

[0003] The computer equipment in of?ces is noW typically 
interconnected With a local area netWork so products manu 
factured by a variety of companies can communicate intel 
ligently. This alloWs the equipment to be located Where 
convenient for the user of the applications. Consumer appli 
ance manufacturers are aWare of the bene?ts that could 
accrue if different appliances could be interconnected in the 
house. An appliance Would not need to be con?ned Within 
one cabinet. Sensors, actuators, controls, and user interfaces 
could all be located throughout the house Where appropriate 
for a task. Furthermore, the exchange of data among differ 
ent appliances could enhance their capabilities. 

[0004] The communication of data among the components 
of one appliance or among different appliances is technically 
possible, but not practically feasible. There are tWo key 
detriments to such a system, standards and appliance inter 
face. Many manufacturers, trade associations, and govern 
ment agencies recogniZe limitations imposed by a lack of 
standards. They also realiZe that solving these problems can 
open the development of a neW industry termed “home 
automation” resulting in a variety of novel home automation 
products. 

[0005] The Electronic Industries Association (EIA) is a 
United States trade association of manufacturers of con 
sumer audio, video, computer, and telephone products. The 
EIA has organiZed a committee, called “Consumer Electron 
ics Bus” (CEBus), to develop standards for interconnecting 
consumer appliances in a house. The CEBus committee is 
adopting the design principles of commercial local area 
netWorks to create communication protocols appropriate for 
the home environment. 

[0006] The CEBus protocol description folloWs the estab 
lished practice of the International Standards OrganiZation 
(ISO). The ISO has de?ned a seven-layer model for a 
communication netWork, called the Open Systems Intercon 
nect (OSI). This design abstraction alloWs heterogeneous 
products to exchange data over a netWork of arbitrary extent. 
The CEBus protocol is a published speci?cation available to 
any manufacturer. 
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[0007] The CEBus protocol has been specialiZed to a 
typical residential environment. It accommodates six types 
of media, speci?cally infra-red, radio frequency, poWer line 
carrier, tWisted-pair Wires, coaxial cable, and ?ber optic 
cable to provide a shared communication resource, termed a 
“bus,” that may be used by many appliances. 

[0008] The CEBus implements four of the “layers” of the 
OSI communications model: 

layer 1: Methods of impressing digital data on 
each medium. 

layer 2: Methods of organizing binary data into 
meaningful messages (a sequence of 
bytes). 

layer 3: Methods of routing messages among 
appliances and among the six media. 

layer 7: A language for representing commands 
issued from one appliance to another to 
effect control. 

[0009] The CEBus also provides a variety of media 
options so appliance manufacturers have a variety of migra 
tion paths for expanding appliance capabilities at the loWest 
cost and inconvenience. Nevertheless, manufacturers Wish 
ing to adopt CEBus face dilemmas regarding hoW an exist 
ing appliance can be made compatible and functional With 
CEBus, and hoW a manufacturer can adapt appliances to 
CEBus in “stages” Without major redesign. 

[0010] There are no known appliance apparatus that 
implement the CEBus protocol and can accommodate a 
variety of appliances Without signi?cantly disrupting the 
existing appliance functionality. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides easy and direct 
adaptation of consumer appliances to a home automation 
system utiliZing the so-called CEBus protocol of the Elec 
tronic Industries Association. The invention embodies elec 
tronic hardWare and softWare all contained on a single small 
(typically 23/4’ by 31/2’) printed circuit board to Which the 
appliance or other consumer device can be connected With 
out signi?cant redesign. 

[0012] The present invention is intended to be located 
inside an appliance to permit the appliance to communicate 
data using the CEBus protocol. Appliances used for home 
automation are typically connected to a communications 
netWork in order to control other appliances, to be controlled 
by other appliances, or to report a measured environmental 
parameter. 

[0013] The present invention offers a universal interface 
for a variety of appliance types and for all CEBus commu 
nications media. The interface is logically interposed 
betWeen the control electronics in the appliance and the 
communications medium. There is no requirement for appli 
ances to contain special electronics to use this interface. 
Appliances Without a microprocessor or With a micropro 
cessor that is fully committed to internal appliance functions 
can be accommodated. The interface translates CEBus com 
mands to signals that are appropriate for the capabilities of 
the appliance; conversely, signals from the appliance can 
cause speci?c CEBus commands to be sent to a designated 
appliance. 
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[0014] Adaptation to appliances With differing input/out 
put arrangements and to various media is possible by 
remotely con?gurable softWare and modules that plug onto 
the invention. 

[0015] According to the present invention, signals 
betWeen the interface and the appliance are presented on tWo 
parallel sets of pins. Eight input pins and eight output pins 
are programmed independently. Each pin selectively con 
veys data and selectively indicates the completion of an 
operation in the appliance. Separate pins are available to 
implement a full handshake protocol betWeen the interface 
and the appliance. This acknowledges processing of input/ 
output data by the recipient so the neXt data may be placed 
on the pins Without loss of data. 

[0016] The components internal to some appliances are 
interconnected by a common bus. The input and output pins 
of the invention have the capability of connection to a bus. 
Both sets of pins can be operated in a high impedance mode 
When the interface and the device are not signaling to each 
other. Acknowledgment via designated data pins or via the 
dedicated handshake pins is available. 

[0017] Furthermore, the link betWeen the interface and the 
appliance may use a serial port that incorporates the indus 
try-standard RS-232 serial protocol or other serial protocol. 
The softWare in the invention sets the parameters for speed 
and data format. Both raW binary data and ASCII-encoded 
binary data may be sent in this mode. 

[0018] The invention contains special provisions for adap 
tation to many con?gurations of a poWer line carrier medium 
and a tWisted pair medium. These are implemented by 
con?guring the softWare contained in the invention, and are 
described in the neXt section. 

[0019] The invention contains a ?exible array of program 
mably selectable features. These accommodate a large spec 
trum of appliance capabilities and tran mission media char 
acteristics. The invention is adapted to a particular operating 
environment by con?guring the resident softWare. 

[0020] Con?guration is typically accomplished by pro 
gramming the invention during the process of assembling 
the appliance. Alternatively, a sophisticated controller in the 
house may program or alter the program contained in the 
interface of an appliance. Thus the invention can be con 
?gured statically, prior to use, or dynamically during opera 
tion. This permits an appliance to adapt to changes in the 
properties of a transmission medium, if, for eXample, the 
appliance is moved from one house to another. 

BRIEF DESCRIPTION OF THE DRAWING 

[0021] These and further features of the present invention 
Will be better understood by reading the folloWing detailed 
description, taken together With the draWing, Wherein: 

[0022] FIG. 1 is a block diagram of one embodiment of an 
appliance control system according to the present invention; 

[0023] FIG. 2 is a partial schematic diagram of the analog 
tranceiver shoWn in FIG. 1; 

[0024] FIGS. 3A and 3B are schematic diagrams Which 
taken together form the interface of FIG. 1; 

[0025] FIG. 4 is a How chart shoWing the overall opera 
tion according to one embodiment of the present invention; 
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[0026] FIG. 4A is a How chart of an interrupt routine of 
FIG. 4; and 

[0027] FIG. 5 is a block diagram of the Digital Data 
Signal Processor circuit of the interface shoWn in FIG. 1. 

[0028] Also included are the folloWing appendices: 

[0029] AppendiX I delineates initiator commands via the 
serial port; 

[0030] AppendiX II delineates the speci?cation for the Cal 
Packets sent over the media; and 

[0031] AppendiX III delineates speci?cations of the EE 
Prom storage. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] The invention is primarily responsible for provid 
ing the above-mentioned layers 2 and 7 communications to 
the appliance. Layer 7 deals With the CEBus language used 
to convey information among appliances. The formation of 
a packet containing data for transmission is de?ned in layer 
2. 

[0033] Layer 1 is the physical layer of the OSI model. It 
encodes the binary digits constituting the data into an 
electrical signal appropriate for the physical characteristics 
of the communications medium. According to the present 
invention, a plug-on media interface module is available to 
adapt the invention to any selected CEBus medium, as listed 
in the background to this invention. 

[0034] The layer 2 contains tWo sublayers. The ?rst sub 
layer comprises the “logical link control” and describes the 
composition of a data packet. This sublayer includes the 
arrangement of bytes used for identifying the type of packet, 
the data content of the packet, and special bytes for assisting 
the detection and correction of transmission errors. Whereas 
the logical link control is independent of the communication 
medium, the loWer sublayer, a “medium access control,” is 
adapted to the speci?c medium. 

[0035] The softWare con?guration applies primarily to the 
medium access control of layer 2 and to layer 7, discussed 
above. Speci?cally in layer 7, con?guration softWare is run 
on a personal computer containing a link to the appliance 
interface invention. This softWare contains a data base of the 
CEBus messages. Messages appropriate for the appliance 
are selected, along With signaling and timing parameters, 
and sent electronically to the interface for executing con 
?guration. 

[0036] By incorporating the invention, the appliance is 
relieved of the responsibility for interpreting and generating 
CEBus messages. Instead, the invention is con?gured to 
recogniZe a subset of the CEBus messages intended for the 
appliance containing the invention interface. 

[0037] The interface interprets a CEBus message and 
causes softWare-selected parallel lines to enter prescribed 
states for prescribed times. Alternatively the interface may 
send a prescribed sequence of characters of binary data on 
the serial line to the appliance. Thus a CEBus message is 
automatically translated to a signal format that is appropriate 
for the capabilities of the appliance. 
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[0038] Similarly, the interface can be con?gured so that 
selected signals from the appliance cause a message to be 
sent from the interface onto the medium. The association of 
appliance signals and detailed timing are fully program 
mable by software con?guration of the invention. 

[0039] In addition to associating messages with signal 
lines of the appliance, the interface can be programmed for 
“explicit” or “implicit” modes of communications for “out 
put messages” messages issued to an appliance. 

[0040] In the explicit mode, the appliance is expected to 
issue a return message in response to receiving a speci?c 
message. The invention can be con?gured to acknowledge a 
speci?c message upon receipt or to recogniZe a particular 
signal on the serial or parallel lines from the appliance as an 
indication that the appliance has performed an operation 
requested by the previous message. The interface then 
generates a return message to acknowledge execution of the 
appliance operation. Acknowledgement of the appliance 
operation is termed the “handshake mode” of the invention. 
In the implicit mode, no acknowledgment message is issued. 

[0041] Con?guration is provided for an appliance to 
request acknowledgment upon transmission of a “response 
message” to another appliance. The interface receives the 
acknowledgment, interprets one of four states (REJECT, 
ERROR, TIMEOUT, GOOD RESPONSE), and signals the 
appliance via the serial or parallel ports. 

[0042] With respect to layer 2, media access control 
sublayer, the invention includes the ability to adapt to a 
range of parameters for communicating on power line 
carrier or twisted pair wire media. 

[0043] The selected operating parameters include the 
selection of communication data rates in the range of 500 
“one” bits/s to 40,000 “one” bits/s. 

[0044] Note that the CEBus protocol uses pulse width 
modulation. The shortest pulse represents a binary one. A 
binary Zero is a pulse nominally twice as long. Two other 
symbols complete the alphabet: “end of message,” nomi 
nally three times a “one,” and “end of ?eld,” nominally four 
times a “one.” 

[0045] The siZe of the smallest pulse that is to be consid 
ered valid and not noise is also selectable, as is the pulse 
width to distinguish a binary one from a binary Zero, and the 
threshold for a pulse width below which it is considered 
noise and is ignored. 

[0046] A selectable con?guration parameter is provided 
for determining whether signals higher than the noise thresh 
old and lower than the signal threshold are ignored or are 
combined with the next symbol pulse. 

[0047] With respect to the expected delay between the 
transmission of a data pulse from the interface and the 
reception of the same signal from the physical layer circuits 
that constantly monitor the medium, a selectable parameter 
accommodates variations in circuit delays at the physical 
layer. The physical layer protocol for the power line carrier 
and for twisted pair wires both use a contention bus. Each 
transmitter is responsible for monitoring the bus while 
transmitting to determine if another appliance is sending 
data simultaneously. The CEBus protocol speci?es correc 
tive actions if a “collision” of signals is detected so that 
orderly communications are possible. 
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[0048] Ablock diagram of one embodiment of the present 
invention 50 is shown in FIG. 1 wherein a medium 52, such 
as the power line, receives signals from elements of the 
system including analog tranceivers 60 which provide ana 
log communication signals to the medium 52 and digital 
data to and from subsequent portions of the system accord 
ing to the present invention. The digital data provided by the 
analog tranceiver 60 is provided to and received from the 
interface 70 which provides control signals to the selected 
consumer device 80. 

[0049] According to an alternative embodiment of the 
present invention, the interface units 70A and 70B may be 
directly connected through a direct medium 54 such as a 
twisted wire pair. The interface 70A transfers control data to 
the consumer device 80A and receives signals from the 
consumer device 80A through a parallel data path 72, or in 
an alternative embodiment through a serial data path 74. 

[0050] According to one embodiment of the present inven 
tion the interface units 70 are comprised of substantially 
identical hardware structure and include programmable ele 
ments therein having substantially identical software initial 
con?guration. However, according to the present invention 
the interface units 70A and 70B are individually program 
mable to be initialiZed, adopting a speci?c address and 
responding to a selected set of commands as provided by 
other interconnect units and responding to or initiating 
actions by select signals provided by the consumer device 
80. The system according to the present invention, particu 
larly the interface 70A or 70B, in one embodiment is 
initialiZed by an initiator 90. Typically a programmable 
system, such as an IBM PC, provides commands through an 
initiator media interface 65 (which may comprise a media 
initiator 60) to the particular medium (52 or 54) wherein 
each interface unit 70 is initially con?gured to respond to a 
speci?c address and particular commands which identify the 
succeeding data as program con?guration data. Such pro 
gram con?guration data is provided by the initiator 90 
through the interface 65 and is stored in an interface (70A) 
in a permanent, semipermanent or temporary memory, dis 
cussed below. Upon completion of initialiZation address and 
command storage in the interface unit 70, the initiator 90 and 
the interface 65 may be removed from the transmission 
medium. 

[0051] According to a further feature of the present inven 
tion, the interface units 70 monitor the transmission condi 
tions and appliance performance. If the transmission condi 
tions or appliance activity is determined to be of a particular 
nature, i.e., exceptionally noisy transmission or erratic appli 
ance performance, a ?rst interconnect unit 70A which 
detects such conditions may issue a command sequence to 
the other communicating interface unit 70B and cause a 
change in parameters of the unit 70B. The changed param 
eters cause the interface 70B to change its operation, to 
preferably correct or compensate for the observed change in 
media or appliance operation. The changed parameters can 
be selectively made permanent or temporary. If permanent, 
the changed operation of the interconnect 70B will be 
maintained for subsequent operations of the consumer 
device 80. When temporary, the prior operation of the 
interface 70B will be resumed upon subsequent power-up or 
other signal to indicate the return to previously initialiZed 
parameter values. 
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[0052] Therefore, the system 50 and system elements 
according to the present invention provide apparatus and 
methods of appliance control Which is selectively adapted to 
a variety of media and consumer devices, While maintaining 
a minimum of changes in hardWare and softWare. 

[0053] The media transceiver 60 is shoWn in more detail 
in the schematic diagram of FIG. 2. The particular medium 
illustrated in the transceiver 60 is operable With a poWer line 
medium, to Which it connects by a plug 102 and provides a 
signal path through a pulse type transformer 104 and cou 
pling capacitor 108. The signal transferred betWeen the 
tranceiver 60 and the poWer line medium is typically a loW 
frequency RF signal above the audio frequency range, such 
as 120 KHZ. A band pass ?lter having the corresponding 
resonance is provided by inductor 106 and capacitor 108. 
Transformer 110 is connected to provide ?ltering. The 
signals provided by the poWer line medium to the tranceiver 
is received by a poWer line interface integrated circuit 115, 
typically part No. 5050, manufactured by Signetics Corpo 
ration. The product speci?cation and application data pro 
vided by the manufacturer of the 5050 integrated circuit is 
hereby incorporated by reference. Aphase lock loop 112 is 
connected to receive the buffered input signal, Whereupon 
successful acquisition of the received 120 KHZ signal, as 
represented by an output on lead 114, indicates that the 
received signal is of acceptable quality. If the received input 
is acceptable in quality, the buffered input signal is alloWed 
to pass to the remaining portions of the receiver circuit 115 
by operation of analog sWitch elements 116A, B and C. The 
media interface circuit 115 provides an output signal on lead 
118 Which corresponds to the signal received from the poWer 
line medium. The signal on lead 118 is received by micro 
processor 120 Which is programmed to provide carrier detect 
(CD) and received data (RXD) according to the format of the 
media signals. The format may include any one of several 
signaling formats, such as the CEBus standard adopted in 
the present invention. Programming of the microprocessor 
120 is accordingly programmable to provide the desired 
signals. 

[0054] A 12 MHZ oscillator 122 provides a system base 
time reference Which is divided by dividers 124, 126 and 
128 to provide 1.2 MHZ, 120 KHZ and 300 KHZ signals 
respectively. The 12 MHZ signal is received by the micro 
processor 120 for program execution. The 120 KHZ signal is 
received by the media interface circuit 115 at corresponding 
oscillator input connections. The 300 KHZ signal is received 
by the microprocessor 120 to provide timing information as 
used by the microprocessor in execution of the stored 
program. Alternative microprocessor 120 programs may 
necessitate a different, more advantageous frequency Which 
may be provided according to the present invention. 

[0055] The microprocessor 120 receives the transmit data 
(TXD) signals from the interface units 70A, 70B, . . . and 
indicates to the interface unit the data transmit ready (DTR), 
ready to send (RTS), and clear to send (CTS) signals 
according to accepted RS-232 signal protocol. The TXD 
signal is provided to the media interface circuit 115 via lead 
132 Whereupon a signal resulting from the received 120 
KHZ clock signal is modulated and provided to drive tran 
sistors 134A and 134B according to suggested operation of 
the integrated circuit. The drive transistors provide the 
corresponding transmitted signal to the poWer line through 
coupling capacitor 136, transformer 104 and capacitor 106. 
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The possibility of spurious signals is reduced by the band 
pass ?lter provided by capacitor 108 and 106. 

[0056] The interface unit 70 is shoWn in more detail in 
FIGS. 3A and 3B Whereupon the signals provided by the 
media tranceiver 60 is received at connector 150, as shoWn 
in FIG. 3B, With particular reference to the media receive 
and transmit pins 2 and 39, Which are connected to the 
digital data signal processor 75 shoWn in FIG. 3A and in 
FIG. 1. The digital data signal processor 75, shoWn in 
further detail in FIG. 5 and discussed in more detail beloW, 
receives the media signals as provided by the output of the 
media tranceiver 115 and provides parallel signal paths 152 
to the interface controller 154 and to the appliance signal 
buffers 156 and 158 respectively. The parallel data paths 152 
comprise a four-bit data path for transfer of data betWeen the 
buffers 156, 158 and interface controller 154, and betWeen 
interface controller 154 and digital data signal processor 75, 
as Well as directly betWeen the digital data signal processor 
75 and the buffers 156 and 158. The buffers 156 and 158 are 
connected to the interface controller 154 With four additional 
signal paths to provide an eight-bit signal path. The buffers 
156 and 158 are connected to provide a signal path to the 
connector 150 Wherein an eight-bit parallel input path is 
provided to buffer 156 on pins 12-19 and an eight-bit output 
data path (to the appliance) is provided by pins 22-29 of 
connector 150, from buffer 158. An exemplary interface 
connection to a typical microprocessor (192) controlled 
appliance 190 is also illustrated in FIG. 3B. When a Write 
signal is provided on pin 11 of connector 150 the ?ip-?op 
160 provides an RBR signal to the interface controller 154 
and also enables the buffer 156 to pass the received data 
from pins 12-19 to the microprocessor 154 via bus 152. The 
data provided by buffer 156 is placed on the bus 152 upon 
the receipt of an enable signal from gate 162 as provided in 
response to a microprocessor read signal issued on pin 17. 

[0057] Similarly, data to be transmitted from the interface 
unit 70 and the selected consumer device 80 is provided by 
data transferred from the interface control 154 or the digital 
data signal processor 75 over bus 152 via buffer 158, 
comprising an eight-bit storage register. The data is stored in 
the buffer 158 upon receipt of a signal provided by gate 164 
in response to a Write signal issued by the interface control 
ler 154 on pin 16 and an enable signal issued on pin 1. The 
output pins 22-29 are made active upon receipt of an output 
enable signal on pin 10 of plug 150. Also according to the 
present invention, the appliance may explicitely signal the 
receipt of the data by asserting the interrupt INTO line on pin 
31 Which produces a change of state of the ?ip-?op 166 
causing a TBR signal to be produced on pin 8 of the interface 
controller 154. The asserted signal status is removed by an 
acknowledge signal produced by the appliance and placed 
on pin 30 of plug 150 Which resets the ?ip-?op 166. 
Alternately, digital data signal processor 75 may be polled 
by the interface controller at units 282 and 286 in FIG. 4 to 
provide indication of transmission of reception of data. 

[0058] Transfer of data into and out of the digital data 
signal processor 75 is controlled by read and Write signals on 
pins 3 and 4 of the digital data signal processor 75 Which 
result from read and Write signals provided by pins 17 and 
16 of the interface control 154 and by assertion of pin 1 of 
the interface controller 154 of a state opposite that necessary 
to enable gates 162 and 164. 
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[0059] As previously discussed, externally applied pro 
gramming signals are stored in the interface unit 70. The 
signals Which are to be stored in a permanent or a semiper 
manent fashion are directed to an electrically erasable pro 

grammable read only memory (EEPROM), 170, typically a 
part No. NMC 9346 manufactured by National Semicon 
ductor, Inc., and connected to the interface controller 154 via 
four leads of an eight-bit data bus 172. Moreover resistors 
174 are selectively connected to the data bus 172 by corre 
sponding sWitches 176, Which change the unasserted state of 
the leads comprising bus 172 from a high state to a loW state 
When closed. Thus, the interface unit 70 can receive select 
able hardWare changes as desired and implemented by the 
appliance manufacturer or the system con?guration engineer 
Wherein such hardWare customiZation is re?ected by select 
able sWitch 176 positions. Moreover, as the resistors 174 
provide sufficiently loW loading of the signal leads, signals 
of a different state may be asserted over the leads Without 
interference. For instance, the EEPROM 170 transmits and 
receives signals over a four bit portion of the bus 172. Such 
signals comprise a chip-select signal, a clock signal, a data 
input and a data output signal. Alternate memories Which 
can be substituted comprise other signals Which can be 
accommodated Without undue experimentation. Thus, 
according to the preferred embodiment of the present inven 
tion, data provided by the initiator 90 (FIG. 1) is received by 
the digital signal processor 75 through the media tranceiver 
60 and connector 150 buffer 156 and bus 152, Wherein the 
resulting parallel data signal is passed to the EEPROM 170 
at memory locations and in a format determined by the 
interface control 154 Which receives the signal provided by 
the digital data signal processor 75. Subsequent to comple 
tion of receipt of con?guration data in the EEPROM 170, or 
upon subsequent poWer-up conditions as provided by reset 
signals on interface control 154 pin 9 or digital data signal 
processor, pin 14 (from corresponding R-C startup circuits), 
the data stored in the EEPROM 170 is transferred to the 
interface control 154 via a portion of the bus 172 through the 
interface control 154 to registers in the digital data signal 
processor 75 via a portion of the bus 152. The operation of 
the data transfer is described in more detail With regard to 
the How charts of FIGS. 4 and 4A, discussed beloW. 

[0060] The interface control 154 comprises a program 
mable microprocessor, such as part No. 87C51 produced by 
Intel Corporation and others, Which includes thereon a 
programmed memory Which provides the operation of the 
interface control unit 154 Timing signals to the interface 
control unit 154 are provided by a 12 MHZ clock 180 and 
dividers 182A and 182B providing 1.2 MHZ and 300 KHZ 
timing signals, in a manner similar to that described With 
reference to the tranceiver 60 of FIG. 2. Accordingly, in an 
alternate embodiment to the present invention, a common 
clocking signal may be provided, such as is indicated on pin 
7 of plug 150 to be used by the tranceiver 60 or to alloW 
synchroniZation With the consumer device 80. 

[0061] The programmed operation of the interface unit 70, 
as illustrated in FIGS. 3A and 3B, is set forth in the overall 
?oW chart 200 of FIG. 4. The interface controller is initial 
iZed in a poWer-up sequence 202 and then is receptive to 
subsequent signals, illustrated in Appendices I and II, as 
received from the media via connector 150 through the 
digital data signal processor 75. 
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[0062] The digital data signal processor 75 operates 
according to a sequence generally illustrated by How chart 
280 Wherein if data is to be transmitted 282 the data is 
received from the interface controller 154 or the buffer 156 
and transmitted to the media output pin 39 of unit 150 onto 
the tranceiver illustrated in FIG. 2, at step 284. If an 
incoming media signal is received 286, the digital data 
signal processor 75 sends an interrupt signal to the interface 
controller (pin 13) step 288 and transfers the data to the 
interface control 154 or 158 at step 290. 

[0063] If the interface 70 has already been initialiZed 
(initialiZed data being stored in the EEPROM 170) the 
received data Will be examined to determine if a header 
signal is received Which indicates that a subsequent or 
dynamic change in interface parameters is to be provided, 
step 206. If such dynamic interface modi?cation is to be 
provided, the interface control unit RAM locations, such as 
on the interface control 154 and digital data signal processor 
75, receives an updated signal, step 208, Whereupon a 
normal operating routine begins. If the interface has not been 
initialiZed, step 204 upon receipt of an initialiZation signal, 
data is Written in the EEPROM 170 from the initiator 90 
according to step 210, as illustrated by Appendix II, and 
subsequently doWnloaded to the interface control and digital 
data signal processor RAM at step 212. 

[0064] In response to received commands, as illustrated in 
Appendix II, the interface determines if a data byte should 
be sent at step 214, and provides a data packet in response 
to accordingly requested signals. Also included, according to 
the present invention, is the capacity of the present system 
to monitor the status of the interface control unit, including 
the digital data signal processor 75, as Well as the consumer 
device connected thereto. This information is also provided 
at step 216. Thereafter, if a command is provided to the 
interface directing that data should be returned to the source, 
step 218, a data packet is created at step 220. If a command 
is received by the interface control to receive a packet at step 
222, the received data packet is processed at step 224. Also 
included in this step of processing the received packet is the 
storing of subsequent interface modi?cation data in the 
EEPROM and doWnloading the signals from the EEPROM 
to the RAM, at step 224. If data is to be sent serially as 
indicated by a corresponding command at step 226, the 
received data is placed in a serial queue and transmitted at 
step 228. If the command to be performed is an explicit 
command as detected at step 228, and if handshaking is to 
be provided Wherein the result is rejected if an error is 
present, step 230 the interface causes a packet to be created 
for a response at step 232. If a received command requests 
transmission at step 234, the number of symbol Widths in the 
information ?eld is calculated at step 236 and the transmit 
?ag is aWaited at step 238. If the transmit ?ag is received, the 
command is entered, step 240, and the serial input data is 
processed and placed into data packets, and the commands 
processed, step 242. At step 244, changes to input port to 
recogniZe are set up. At step 246, the input port pins (150) 
are checked. Step 248, checks to see if valid changes to input 
port are made. At step 250, commands are sent out to media 
if cal commands are correct. 

[0065] The digital data signal processor 75 is shoWn in 
more detail in the block diagram 75A of FIG. 5. The serial 
media signal is received from the tranceiver of FIG. 2 (via 
pin 2 of plug 150) by a digital receiver 302 including a noise 
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detector 304, a pulse discriminator 306, and a programmable 
receiver delay 308. The components of the digital receiver 
302, as Well as other portions of the digital data signal 
processor 75, are made selectively operable according to 
particular clock frequencies combined With the internal logic 
and the received data. The selectable clock frequencies are 
provided by a frequency selector 310 Which includes a 
plurality of programmable counters 312 operable in 
response to an externally received clock signal 314 and a 
digital signal Which presets the counters 312 to count to a 
selected value. The preset signals are received by storage 
registers 316, typically including RAM or ?ip-?op registers 
and received four-bit parallel signals from I/O input leads 
(pins 6-9) via buffers 320. Since the digital data signal 
processor 75 includes additional addressable registers, the 
frequency selector 310, registers 316, are responsive to a 
particular address signal, Which is received by an address 
latch 322 and decoded by an address decoder 318. The 
address signal is received by the address latch 322 before the 
corresponding data and stored in the latch upon occurrence 
of an address latch enable signal Furthermore, 
storage of data into selected addressable registers is respon 
sive to a Write signal (WR) and a chip select signal (CS). The 
received serial media signal is reformatted into a four-bit 
parallel signal by the digital receiver 302 and placed on the 
I/O signal leads through buffer 321 When the gate 332 
receives an enable signal from the address decoder 324 
Which responds to a selected address signal provided by the 
address latch 322. As previously mentioned, interrupt sig 
nals provided by the digital data signal processor may 
selectively interrupt the interface controller 154. Such inter 
rupt signals 334 are provided by an interrupt generator 342 
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status symbols, stored in registers or generated by various 
elements of the digital data signal processor 75. In the 
preferred embodiment, the status register 340 receives ten 
status signals from the digital receiver and other elements of 
the digital data signal processor 75. A four-bit multipleXor 
344 selects the status signals four at a time, and provides 
such signals to the I/O signal leads via buffer 321 upon 
receipt and decoding by decoder 346 from the address latch 
322. In addition, the present invention provides a prestored 
version number stored in a register 350, also selectively 
addressable When the corresponding address signal is 
decoded (352) Whereupon such version number is placed on 
the I/O leads and received by the interface control 154 and 
provided to other units requesting such information. 

[0067] In addition, providing selected operating param 
eters of the digital data signal processor 75 Which are 
selectively controlled according to the signals stored in a 
parameter input register 360 four-bit input signals are 
demultipleXed and stored in input register 360 upon receipt 
and decoding of a corresponding address signal (362) from 
the address latch 322. In the preferred embodiment, the 
parameters to be selectively controlled include the frequency 
select input clock frequency, the digital receiver 302, pulse 
discriminator (symbol timer), the interrupt generator 342, 
and the serial output transmit elements, including the par 
allel to serial register and multipleXor 370 and the media 
mode select element 380, discussed beloW. 

[0068] According to the preferred embodiment of the 
present invention, the signals received by the parameter 
input register 360 and provided by the status register 340 are 
addressably selected according to the folloWing table. 

TABLE I 

ADDRESS MAP DIGITAL DATA SIGNAL PROCESSOR 
The following is the internal mapping of the chip. 

A rising edge of ALE latches in data from the four I/O 
pins (U00, U01, U02, U03) and selects the internal register 

Which Will be accessed. On RD or WR pulses, the information 
Will Written to or read from the appropriate register. 

ADDRESS BIT3 BITZ BIT1 BITO 

0000 
0001 
0010 
0011 
0100 
0101 

DATA RECEIVED FROM/TRANSMI'ITED FROM MEDIA 

NEXTBYTE SMALLSYM TIMEOUT EOM 
NOISECOLL SUPCOLL LONGDELAY STOPWR 

STORE RXDATA 

TWISTEDPAIR 125KH2/T P START STOP/CLEAR 
3 MHZ INTERUPTS MEDOUTTRI ZERO 

————————————— —— MEDIA CLOCK —————————————————— 

SAMPLE 1 CLOCK 
SAMPLE 2 CLOCK 
NOISE CLOCK 
DELAY CLOCK 

(CLOCK TBA) 
VERSION NUMBER 
VERSION NUMBER 

Which is responsive to selective signals provided by the 
digital receiver 302 indicating the presence of a received 
signal, end of message or other data condition. 

[0066] According to a feature of the present invention, the 
digital data signal processor 75 is operable to provide status 
information to the interface controller 154 by a plurality of 

[0069] Data to be serially transmitted is ?rst received in a 
four-bit parallel format via the I/O lines through buffer 320. 
The parallel data is stored in a register 372 and selectively 
and sequentially multiplexed by multipleXor 372 providing 
a serial stream of data, Which is received by a media mode 
select element 380. 
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[0070] According to the present invention, several differ 
ent media are usable in the present system, including a serial 
output signal as provided on lead 382 and a tWisted pair 384. 
The media mode select element 380 further provides control 
of additional media format and data rate, according to 
parameter signals stored in the register 360 and as clocked 
by a clock signal provided by a programmable counter in the 
frequency selector 310. As the present invention envisions 
connection to unsupervised media, Wherein unintended 
simultaneous transmissions (collisions) may occur, the 
apparatus according to the present invention includes a 
contention detection element 330 Which inhibits transmis 
sion on media by the media mode select element 380 upon 
receipt of media signals Within a delay speci?ed by the 
receiver delay 308. In addition, the collision of signals is 
indicated by a status signal provided to the register 340 and 
selectively readable by the interface controller 154 Which 
can selectively provide such status symbols to other ele 
ments connected thereto. 

[0071] Modi?cations and substitutions to the present 
invention made by one of ordinary skill in the art is 
considered to be Within the scope of the present invention, 
Which is not to be limited eXcept by the claims Which folloW. 

What is claimed is: 
1. A programmable consumer device interface, compris 

ing: 
a media interface communicable With at least one trans 

port medium for receiving ?rst signals from said at 
least one transport medium and providing second sig 
nals in response thereto; 

an interface control unit in communication With said 
media interface, including, 

a data transceiver operable to provide third signals in 
response to selected ones of said second signals from 
said media interface, 

a programmable memory having a stored program 
associated thereWith and operable to customiZe said 
stored program in response to receipt of said third 
signals, and 

a controller operable in response to said third signals 
from said data transceiver and said stored program 
associated With said programmable memory to pro 
vide fourth signals, 

Wherein said data transceiver is operable to provide 
said third signals in response to selected ones of said 
second signals from said media interface and With 
reference to said stored program associated With said 
programmable memory; and 

a transfer interface for providing control signals to a 
consumer device according to said fourth signals 
from said controller. 

2. A programmable consumer device interface compris 
ing: 

a media interface for association With a medium and for 
receiving ?rst signals from said medium according to a 
format of said medium and providing second signals in 
response thereto; 

a transfer interface for receiving control signals from a 
consumer device; and 
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an interface control unit in communication With said 
media interface, including, 

a data transceiver operable to provide third signals in 
response to selected ones of said second signals from 
said media interface, 

a programmable memory having a stored program 
associated thereWith and operable to customiZe said 
stored program in response to receipt of said third 
signals from said data transceiver, said stored pro 
gram being operable according to selected ones of 
said third signals received by said programmable 
memory, and 

a programmable controller operable to provide fourth 
signals to said data transceiver in response to ?fth 
signals from said transfer interface With reference to 
said stored program, Wherein said transfer interface 
provides said ?fth signals to said programmable 
controller in response to said control signals received 
from said consumer device. 

3. The programmable consumer device interface of claim 
2, Wherein said selected ones of said third signals received 
by said programmable memory include at least one of 
interface address, command set and command response data 
for providing selected response by said programmable con 
troller to said ?fth signals. 

4. The programmable consumer device interface of claim 
2, Wherein said data transceiver is programmable and said 
selected ones of said third signals received by said program 
mable memory comprise at least one of data transceiver 
timer, control, and con?guration data for providing selected 
response by said data transceiver to said second signals 
received from said media interface. 

5. The programmable consumer device interface of claim 
4, Wherein said selected ones of said third signals received 
by said programmable memory include at least one of data 
transceiver timer signal, data transceiver control signal, and 
data transceiver con?guration signal. 

6. The programmable consumer device interface of claim 
4, Wherein said selected ones of said third signals received 
by said programmable memory further include at least one 
of an internally mapped data signal, a clock signal, and a 
control signal. 

7. The programmable consumer device interface of claim 
2, Wherein said data transceiver further provides siXth sig 
nals to said media interface in response to said fourth signals 
from said controller. 

8. A programmable consumer device interface compris 
mg: 

a transfer interface for connection to a consumer device 

and operable to provide a ?rst signal in response to a 
control signal from said consumer device; and 

an interface control unit including, 

a data transceiver for providing second signals, 

a programmable memory having a stored program and 
operable to receive and store third signals, said 
stored program being operable according to selected 
ones of said third signals received by said program 
mable memory, and 

a controller associated With said programmable 
memory for receiving said ?rst signal from said 
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transfer interface and operable to provide third sig 
nals to said data transceiver in response to said ?rst 
signal and With reference to said stored program, 
Wherein said data transceiver provides said second 
signals in response to said third signals. 

9. The programmable consumer device interface of claim 
8, further comprising a media interface connected to said 
interface control unit, Wherein said media interface is for 
providing fourth signals to a medium in response to said 
second signals from said data transceiver. 

10. The programmable consumer device interface of 
claim 9, Wherein said selected ones of said third signals 
received by said programmable memory include at least one 
of interface address, command set and command response 
data for providing selected response by said controller to 
said ?rst signal. 

11. The programmable consumer device interface of 
claim 10, Wherein said data transceiver is programmable and 
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said selected ones of said third signals received by said 
programmable memory comprise at least one of data trans 
ceiver timer, control, and con?guration data for providing 
selected response by said data transceiver to said third 
signals received from said controller. 

12. The programmable consumer device interface of 
claim 11, Wherein said selected ones of said third signals 
received by said programmable memory include at least one 
of data transceiver timer signal, data transceiver control 
signal, and data transceiver con?guration signal. 

13. The programmable consumer device interface of 
claim 11, Wherein said selected ones of said third signals 
received by said programmable memory further include at 
least one of internally mapped data signal, clock signal, and 
control signal. 


