
1 METHOD AND APPARATUS FOR CONTROLLING AND COMMUNICATING ELECTRONIC DEVICES
The present invention relates to a method and apparatus for communicating
and controlling various types 5 of electronic equipment or devices
transparently and uniformly.  The equipment could be, for example, copiers,
facsimiles and/or printers. The creation of business office devices such as
a copier, facsimile or printer requires activities assigned 10 to various
groups which must be integrated into at a certain time.  In addition, once
the device goes to customers, it must be maintained by a field service
group. Therefore, different groups of people work together to develop and
maintain the product. 15          The current trend of using
microprocessors in business devices increased the capability of the
devices. For example, high speed copiers usually have more than one
microprocessor performing various tasks, including an operation panel
consisting of many buttons and displays, 20  controlled by a
microprocessor. As the use of microprocessors increases, a shortage of
software engineers become critical. Fathi and Armstrong (1985) showed the
cost ratio of development between hardware and software as 1 to 5.3. The
current practice of 25 developing devices, particularly stand-alone devices
such as copiers, tends to ignore reusability of software across    



2 different models. For example, an operation panel of a copier is
programmed by an engineer who develops the software of the main controller.
The software is closely tied to a particular model and usually cannot be
used by 5    other copier models.  If this trend does snot change, the
development of various modules by different groups cannot be easily
integrated. Moreover, the shortage of software engineers is likely to limit
the number of product developments and modification. 10
According to the present invention, there is provided apparatus for
controlling and communicating with an electronic device such as a
facsimile, copier or printer, said apparatus comprising a device engine, an
operation panel for controlling the operation of said 15    device engine,
said operation panel including communication processor means for
communicating with said device engine, said device engine including
corresponding device communication processor means for communicating with
said operation panel, means for storing at least one of static 20    state
data representing characteristics of said device engine which do not change
over the life of said device, semi-static state data which are changeable
over the life of the device infrequently, and dynamic state data which are
changeable according to the mechanical state of the 25    device,
monitoring  processor  means  for monitoring  the state of said device
engine, and system control    



3 processor means for controlling the overall system activities of said
device engine. The device engine may be a facsimile, copier or printer, for
example, for producing, respectively, 5  facsimile documents, photocopies
of documents and printed documents.  The static state data may include the
model number, serial number, model characteristics and the like while the
semi-static state data may include the ROM version, option configuration
and the like. 10          The foregoing problems can be solved and product
development cycles can be shortened by providing a means and corresponding
method to communicate and control various modules of a device across models
and products.  This allows several groups to start developing modules using
15  existing devices rather than waiting for a target device to be
developed.  In addition, field service organization can support diagnostic
and maintenance activities with one intelligent system, rather than having
different systems for various products. 20          It is therefore an aim
of the present invention to provide an improved means and method of
allowing an external device or devices to access the state of the target
device(s), to communicate with the target device(s) and to control the
target device(s). 25          The present invention will be further
explained hereinafter with reference to the following description of    



4 exemplary embodiments and the accompany drawings, in which: Fig. 1
depicts a functional system overview under which the present invention can
be applied. Fig. 2 depicts the hardware aspects of an 5 implementation of
the present invention. Fig. 3 depicts an encoding scheme which can be used
for communication with the present invention. Fig. 4 depicts an example of
a handshake between a copier engine and operation panel after power-up. 10
Fig. 5 depicts an example of how a diagnostic station can be connected in
accordance with the present invention. Figs. 6-8 show examples of other
embodiments of the present invention. 15          Reference will now be
made in detail to the preferred embodiment of the invention, an example of
which is illustrated in the accompanying drawings. While the invention will
be described in conjunction with the preferred embodiment, it will be
understood that it is not 20 intended to limit the invention to that
embodiment. On the contrary, it is intended to cover alternatives,
modifications and equivalents as may be included within the scope of the
invention as defined by the appended claims. Fig. 1 illustrates a preferred
embodiment of the 25 present invention including a copier engine 10,
operation panel 20, and remote diagnostic station 30. However, the    



5 present invention is not limited to copier devices and can be applied to
other business equipment devices, such as a printer or facsimile, which has
means which are described below. 5          In the following illustration,
the target device in Fig. 1 is a copier engine 10. The target device 10
includes means to store Static State Data 107, which does not change over
the life of the device, such as the model number, serial number, model
characteristics and the like. 10 Target device 10 includes means to store
Semi-Static State Data 106, which may change over the life of the device
infrequently, such as the ROM version, option configuration, and the like.
In addition, the target device has means to store 15 Dynamic State Data
105, which changes according to the mechanical state of the device, such as
the paper status in the tray, oil, toner, number of prints, sensitivity of
the photoreceptor, paper path and location, and the like.  In order to
store the dynamic state of the device, the target 20  device 10 includes
Monitoring Process 104 to monitor the state of device 10.  Overall system
activities are coordinated by System Control Process 102. At power-on time,
System Control Process 102 not only brings up the target device 10, but
also establishes 25 the communication with attached devices by first
checking the physical connection and then establishing the    



6 communication by means which will be described below. Copier engine 10 is
idle until a user specifies some function through Operation Panel 20.
During the idle time, however, System Control Process 102 continuously 5
monitors its state through Monitoring Process 104. If abnormal states are
detected, System Control Process 102 sends data to Communication Process
101, which codes data and send the coded data to the Operation panel 20
through communication media line 12. Communication Process 201 10 sends
acknowledgement, decodes data and sends it to System Control Process 202.
System Control Process 202 then notifies the state of Copier Engine 10
through Display Process 204. If communication line 13 to Remote Diagnostic
15 Station is connected, System Control Process 102 can send a message to
get the attention of Remote Diagnostic Station 30 to notify station 30 of
an abnormal state. Input Process 203 receives input from a user and sends
the data to System Control Process 202, which then 20  echoes back the
input through Display Process 204, so that the user can get feedback of
his/her input.  The data from the user is then coded in Communication
Process 201. The coded data is then sent to Copier Engine through line 12.
Communication Process 101 then sends an 25 acknowledgement to 201, decodes
the received data and sends the decoded data to System Control Process 102.
During the    



7 actual copying, Sequencing Process 103 sequences events according to
timing requirements. Remote Diagnostic Station 30 is connected with Copier
Engine through line 13, which can be a telephone line, RS232 line, or any
other 5  suitable communication means.  Communication process 301 acts
similarly as process 101 and process 201 of engine 10 and panel 20,
respectively. Diagnostic Process 302 is an intelligent process which can
communicate interactively with Copier engine 10 10  based upon the response
it receives and data accumulated in the Data Base 303. Fig. 2 illustrates
hardware features utilized to implement the present invention. All devices
10, 20, 30 have buses 1001, 2001, and 3001, which connect Central 15
Processing Units 114, 214, and 314 respectively. Depending upon the model,
a bus could have more units. Sensor unit 113 senses the mechanical states
of the target device which must be stored as Dynamic Data, such as paper
tray, voltage and paper path. 20          Memory 112 holds Static State
Date 107 as a permanent memory (such as ROM). Memory 115 stores Semi-
Static State Data 106 in changeable memory which does not require power,
such as EEPROM, or which uses low power and can be supported by a battery
(CMOS RAM). Memory 116 25  stores Dynamic State Data 105 in a changeable
memory, which does not require power or which uses low power and can be    



8 supported by a battery. Display and Input Unit 213 controls input keys
and displays, such as lights and LCD. DIsk unit 313 holds the data base. If
the communication line 13 is not connected 5 regularly or gets connected
only when diagnostics are needed, the Interface Unit 114 has a means to
notify Central Processing Unit 111 that line 13 is connected, such as an
interrupt caused by mechanical means of physical connection. 10
Fig. 3 illustrates a preferred embodiment of encoding according to the
present invention. However, other encoding such as ASN.1 (1987) can be used
instead. The encoding scheme in Fig. 3 consists of sending Type, Length and
Value (TLV) encoding. Bit 7 of Type is set to 0 15 while bit 7 of Length is
set to 1. Values can take any bit combination. The encoding is binary to
save the length of the data communication. Combined with the information
field, up to 120 types (4 information x 30 types) can be defined. One
method to extend the type is to set all low 5 20 bits to 1. The terminator
of this extension is two bytes of OOH. Using Composite in the information
field, more than one information can be sent as follows: 010XXXXX L1 T2 L2
V2 T3 L3 V3 where L1 is the byte length of T2 through V3. L2 is the    9
byte length of V2, and L3 is the byte length of V3. 



Composite is not limited to two. Table 1 below shows codes for Type and
Value. These codes are shown as an illustration, and actual 5
implementation may vary depending upon the application. TABLE I Type and
Value Information   Type   Content 00            1      Acknowledgement 00
2      Identify 10       00            3       # of Copies 00            4
Start 00            5      Done 00            6      Inquiry 00
7      Report 15       00            8       Address Content Report 00
9      Parameter Report 01            1      Command Not Understood 10
1      Composite Acknowledgement 11            1      Jam 20
Identify Values 1      Copier Engine 2      Operation Panel 3
Diagnostic Inquiry Values    10 Identity 2      Model Fig. 4 illustrates
the establishment of 



communication between engine 10 and operation panel 20 of 5 Figs. 1 or 2
after power-on. Both engine 10 and operation panel 20 go through power on
reset sequence. At step 1, operation panel 20 finishes the reset and sends
its assigned value to engine 10. However, engine 10 is still busy with
reset and cannot receive the data through the 10  interface unit 101. At
step 2, engine 10 is ready and sends the assigned value to panel 20. Step 3
shows the acknowledgement from panel 20 to engine 10. In a preferred
embodiment, the receiving side must return the 15 acknowledgement with the
received Type. In Fig. 4, step 4 illustrates that a First Identify has
timed out and another attempt should be made. Step 5 illustrates that the
connection has been established. 20          Step 6 illustrates an example
of the number of copies specified and the acknowledgement in step 7
reflects the number of copies (here, 3 copies). Step 8 illustrates the
start of the copying sequence, and step 9 indicates the corresponding 25
acknowledgement.    Step 10 illustrates the communication of a paper jam,
and step 11 illustrates the corresponding acknowledgement of that paper
jam. Fig. 5 illustrates the process of establishing the 5  connection
between Diagnostic Station 30 and Copier Engine 



10 of Figs. 1 and 2.  It is assumed that the engine power is on. Fig. 5
illustrates the use of Composite information field on lines 4 and 6.  If
Composite is not used, communication such as lines 10 through 12 is needed.
10          Step 1 in Fig. 5 illustrates the identifying diagnostic, and
step 2 illustrates the acknowledgement of the identification. Step 3
illustrates the identification inquiry, and step 4 illustrates a composite
acknowledgement. 15          Step 5 inquires as to the model
identification, and step 6 is the corresponding acknowledgement. Step 7
asks for a report of parameters and, as an illustration, step  8
illustrates the command is not understood. 20          Step 9 illustrates a
reporting of address, and steps 10, 11 and 12 reflect the acknowledgement,
report and acknowledgement, respectively. Fig. 6 shows an example of
another embodiment of the present invention in which an operation panel 1
can 25  control different types of engine models identified as Engine Model
1, Model 2 and Model 3.    12 Fig. 7 shows an embodiment of the invention
in which different operation panels such as panels 1, 2 or 3 can control
the same engine models identified as engine model 1. 5          Finally,
Fig. 8 shows an operation panel 1 



controlling different engine models, identified as engine models 1, 2 and
3. In Fig. 8, operation panel 1 could control models 1, 2 or 3 by a
suitable bus interconnection and suitable multiplexing capability. 10
In conclusion, the present invention provides a means and corresponding
method for controlling, monitoring and communicating with office equipment
devices by using the following: Means to control various activities of the
system 15 (System Control Process) Means to store state data (Static State
Data) Means to store semi-static data (Semi-Dynamic State Data) Means to
store dynamic data (Dynamic State Data) 20          Means to monitor the
state of the device (Monitoring Process) Means to get the state of device
from the monitoring means and store the state into the storage of dynamic
data (Monitoring Process + System Control Process) 25  -> Dynamic State
Data) Means to communicate other devices such as RS232 or modem/telephone
(Communication Process)    13 Means to identify itself to other devices
(Communication Process) Means to exchange commands and data such as reply
(Communication Process) 



5          Means to interpret commands (System Control Process) Means to
take actions based upon the commands (System Control Process) Means to send
results of actions (System Control 10 Process - Communication Process)
Means to notify the new communication line is established (Communication
Process -> System Control Process: Interface Unit - Interrupt -> CPU). The
foregoing description of the preferred 15 embodiment of the present
invention has been presented for purposes of illustration and description.
It is not intended to be exhaustive or to limit the invention to the
precise form disclosed, and many modifications and variations are possible
in light of the above teaching, 20 The preferred embodiment was chosen and
described in order to best explain the principles of the invention and its
practical applications to thereby enable others skilled in the art to best
utilize the invention and various embodiments and with various
modifications as are suited to 25  the particular use contemplated.  It is
intended that the scope of the present invention be defined only by the
claims appended hereto.    .                                     14 CLAIMS
1. Apparatus for controlling and communicating with an electronic device
such as a facsimile, copier or 



printer, said apparatus comprising: 5            a device engine, an
operation panel for controlling the operation of said device engine, said
operation panel including communication processor means for communicating
with said device engine, said device engine including corresponding 10
device communication processor means for communicating with said operation
panel, means for storing static state data representing characteristics of
said device engine which do not change over the life of said device, 15
means for storing semi-static state data which are changeable over the life
of the device infrequently, means for storing dynamic state data which are
changeable according to the mechanical state of the device, monitoring
process means for monitoring the state 20    of said device engine, and
system control processor means for controlling the overall system
activities of said device engine. 2. Apparatus according to claim 1 wherein
said operation panel further includes: 25            input processor means
for inputting user specified control functions to said device engine,
display processor means for displaying the input    15 from said input
processor means, and system control processor means for controlling the 



operation of said operation panel. 3.  Apparatus according to claim 1 or 2
including a 5 remote diagnostic station for remotely diagnosing the
operation of said device engine, said remote diagnostic station including:
a diagnostic communication processor for communicating with said device
engine, and 10          diagnostic processor means for providing
diagnostics to said device engine, including data base means for storing
and accumulating diagnostic data received from said device engine. 4.
Apparatus according to claim 1, 2 or 3 wherein 15 said operation panel
includes means for encoding control data representative of the type, length
and value of the device engine to be controlled, monitored or diagnosed. 5.
Apparatus according to any one of the preceding claims including means for
communicating the state of said 20 device from said monitoring means and
means for storing the obtained state into said dynamic data storage means.
6.  Apparatus according to any one of the preceding claims wherein said
device engine includes means for identifying itself through said
communication processor 25 means. 7. Apparatus according to any one of the
preceding claims including means for exchanging commands and data    16
between said device engine, said operation panel and said 



remote diagnostic station. 8.  Apparatus according to claim 7 wherein said
system control processor means includes means for 5    interpreting said
commands. 9. Apparatus according to claim 8 including means responsive to
said interpreted commands to take action. 10. Apparatus according to claim
9 including means fo sending the results of said actions from said system
10    control processor means to said communication processor. 11.
Apparatus according to claim 10 including means for indicating when a
communication line is established between said communication processor and
said system control processor. 15            12.  Apparatus for controlling
and communicating with electronic devices, said apparatus comprising: one
or more different device engines; one or more operation panels for
controlling the operation of said different device engines, each operation
20    panel including communication processor means for communicating with
said device engines, said device engines including corresponding device
communication processor means for communicating with said operation panel,
means for storing static state data representing 25    characteristics of
said device engines which do not change over the life of said devices,
means for storing semi-static state data which are    17 



changeable over the life of the devices infrequently, means for storing
dynamic state data which are changeable according to the mechanical states
of the devices, 5            monitoring processor means for monitoring the
states of said device engines, and system control processor means for
controlling the overall system activities of said device engines. 13.
Apparatus for controlling and communicating 10    with electronic devices,
said apparatus comprising: one or more device engines, one or more
operation panels for controlling the operation of said device engines, each
operation panel including communication processor means for communicating
15   with said device engines, said device engines including corresponding
device communication processor means for communicating with said operation
panel, means for storing static state data representing characteristics of
said device engines which do not change 20    over the life of said
devices, such as the model number, serial number, model characteristics and
the like, means for storing semi-static state data which are changeable
over the life of the devices infrequently, such as ROM version, option
configuration and the like, 25            means for storing dynamic state
data which are changeable according to the mechanical states of the
devices,    



18 monitoring processor means for monitoring the states of said device
engines, and system control processor means for controlling the overall
system activities of said device engines. 5          14.  Apparatus for
controlling and communicating with electronic devices constructed and
arranged to operate substantially as hereinbefore described with reference
to, and as illustrated in, the accompanying drawings. 15. The combination
of at least one electronic 10 device, and apparatus for controlling and
communicating with electronic devices according to any one of the preceding
claims.    


