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(57) ABSTRACT 

The State of an apparatus is reported to a remote computer 
using an embedded device in the apparatus. The embedded 
device detects the State, generates an electronic mail mes 
Sage that reports the State using a Self-describing computer 
language, and Sends the electronic mail message to the 
remote computer. The remote computer receives the elec 
tronic mail message and extracts the State of the embedded 
device from the message. 

OBTAIN ITEM ID FROMTAGDATABASE 

READ STATE OF APPARATUS FROM. . . 
HARDWARESTORAGE AREA USING TEMD 

  

  



| 914 

US 2004/0177124 A1 

3. 

s: 
3. 

id:silica-siki:'it': i. 

Sheet 1 of 5 

n 
seases: 

2004 9 

¿? `n 

Patent Application Publication Sep. 9 

  

  

  

  



Patent Application Publication Sep. 9, 2004 Sheet 2 of 5 US 2004/0177124 A1 

DESCRIPTION 

TIME STAMP 

ITEM ID 32 

FIG. 2 

  



Patent Application Publication Sep. 9, 2004 Sheet 3 of 5 US 2004/0177124 A1 

3e. 

OBTAIN ITEM ID FROM TAGDATABASE 

DETECT STATE OF APPARATUS 

N, . 

READ STATE OF APPARATUS FROM 
HARDWARESTORAGE AREAUSING TEMD 

GENERATEEMAMESSAGE Reportre 3o STATE OF APPARATUS 

SEND E-MAIL MESSAGETOREMOTE 
COMPUTER 

FIG. 3 

  



Patent Application Publication Sep. 9, 2004 Sheet 4 of 5 US 2004/0177124 A1 

DETECTSTATE OF APPARATUS 
4-O. 

2 

ERROR 
CONDITION 
DETECTED . 

GENERATEE-MAILMESSAGE Report 1 
. STATE OF APPARATUS 

SEND E-MAMESSAGE TO REMOTE 
coMPUTER 

FIG. 4 

  

  

      

  

  



Patent Application Publication Sep. 9, 2004 Sheet 5 of 5 US 2004/0177124 A1 

2 
RECEIVEE-MAILMESSAGE 

EXTRACT STATE FROM E-MAILMESSAGE 

PASS STATE TO CUSTOMER RELATIONSHIP 
MANAGEMENTSYSTEMSOFTWARE - 

FIG.5 

  



US 2004/0177124 A1 

REPORTING THE STATE OF AN APPARATUS TO 
A REMOTE COMPUTER 

BACKGROUND 

0001. This invention relates to using a device embedded 
in an apparatus (an "embedded device') to report the State of 
the apparatus to a remote computer. 

0002 An apparatus may contain an embedded device, 
Such as a controller, to monitor and control its operation. 
Any type of apparatus may have an embedded device, 
including, but not limited to, home appliances, Such as 
Washing machines, dishwashers, and televisions, and manu 
facturing equipment, Such as robotics, conveyors and 
motorS. 

0.003 Embedded devices are often connected to an inter 
nal network, Such as a local area network (LAN), with an 
interface to the Internet. Other devices on the internal 
network may communicate with the embedded devices over 
the internal network. 

SUMMARY 

0004. In general, in one aspect, the invention is directed 
to using a device embedded in an apparatus to report the 
State of the apparatus to a remote computer. This aspect of 
the invention features detecting the State of the apparatus, 
generating an e-mail message that reports the State of the 
apparatus using a self-describing computer language, and 
Sending the e-mail message to the remote computer. An 
example of a Self-describing computer language is eXten 
sible Markup Language (XML). 
0005. Using e-mail, the remote computer can obtain the 
State of the apparatus even if the remote computer cannot 
directly address the embedded device. Thus, computers that 
cannot communicate directly with the embedded device, 
Such as computers that are not on the same internal network 
as the embedded device, can still obtain the status of the 
apparatus. Moreover, because the State is reported using a 
Self-describing computer language, the remote computer can 
interpret the State without the aid of a perSon. As a result, 
processes, Such as maintenance and the like, can be Sched 
uled automatically for the apparatus and/or embedded 
device by the remote computer. 
0006. This aspect of the invention may include one or 
more of the following features. The state is indicative of an 
error condition in the apparatus. The error condition is a 
variable that deviates from an acceptable value or a prede 
termined range of acceptable values. The function of detect 
ing the State includes receiving the State from the apparatus 
by, e.g., retrieving the State periodically from the apparatus. 
The function of detecting the State includes obtaining an 
identifier for the apparatus, the identifier relating to the State 
of the apparatus, and using the embedded device to read the 
State from the apparatus using the identifier. 
0007. This aspect of the invention may also include 
determining if the State of the apparatus has changed. The 
e-mail message is generated if the State of the apparatus has 
changed and is not generated otherwise. The function of 
determining if the State of the apparatus has changed 
includes comparing the State received from the apparatus to 
a previous State of the apparatus. 
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0008. The e-mail message is generated using a predefined 
template by obtaining one or more variables relating to the 
apparatus and inserting the one or more variables into the 
template. The State of the apparatus may be included as part 
of a body of the e-mail message or as part of an attachment 
to the e-mail message. 
0009. In general, in another aspect, the invention is 
directed to obtaining a State of an apparatus from a device, 
Such as a controller, embedded in the apparatus. This aspect 
of the invention features receiving an e-mail message that 
reports the State of the apparatus using a Self-describing 
computer language and extracting the State of the apparatus 
from the e-mail message. 
0010 This aspect of the invention may include one or 
more of the following features. The Self-describing com 
puter language is XML. The State of the apparatus is 
indicative of an error condition in the apparatus. The error 
condition is a variable that deviates from an acceptable value 
or a predetermined range of acceptable values. The State of 
the apparatus is passed to a customer relationship manage 
ment System. 

0011. In general, in another aspect, the invention features 
a System that includes first and Second devices. The first 
device includes circuitry that generates an electronic mail 
message reporting a State of an apparatus using a Self 
describing computer language. The Second device is in 
communication with the first device. The second device 
includes circuitry that receives the electronic mail message 
from the first device. 

0012. This aspect of the invention may include one or 
more of the following features. The Second device receives 
the e-mail message from the first device and extracts the 
State of the apparatus from the e-mail message. The first 
device is embedded in the apparatus and the Second device 
is a remote computer. 
0013. Other features and advantages of the invention will 
become apparent from the following description, including 
the claims and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 is a block diagram of a network containing 
a remote computer and an apparatus having an embedded 
device; 

0015 FIG. 2 shows the format of a tag used to store state 
variables for the apparatus, 
0016 FIG. 3 is flowchart of a process performed by the 
embedded device to report the State of the apparatus to the 
remote computer through e-mail; 
0017 FIG. 4 is a flowchart of an alternative process 
performed by the embedded device to report the state of the 
apparatus to the remote computer through e-mail; and 
0018 FIG. 5 is a flowchart of a process performed by the 
remote computer to interpret e-mail messages received from 
the embedded device. 

DESCRIPTION 

0019 FIG. 1 shows a network 10. Network 10 includes 
an apparatuS 11 containing an embedded device 17, Such as 
a controller (e.g., a microprocessor). Apparatus 11 is con 
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nected to an internal network 12, Such as a LAN. A router or 
modem 14 interfaces internal network 12 to an external 
network 15, such as the Internet, that runs TCP/IP (Trans 
mission Control Protocol/Internet Protocol) or some other 
Suitable protocol. Connections may be, e.g., via Ethernet or 
a wireleSS link. External network 15 contains remote com 
puter 16, which may be server, personal computer (PC), or 
any other type of processing device. Other devices (not 
shown) may be included on internal network 12 and external 
network 15. 

0020 Processing in the Embedded Device 
0021 Apparatus 11 may be any type of device or may be 
included in any System having functions that are monitored 
and controlled by embedded device 17. Among other things, 
embedded device 17 executes software stored in memory 19 
to generate and Send, to remote computer 16, an e-mail 
message reporting the State of apparatus 11. 

0022. Software 20 includes an OPC (OLE for Process 
Control) server program 21, an XML (eXtensible Markup 
Language) processor program 24, and an e-mail program 25. 
E-mail program 25 is an SMTP-compliant (Simple Mail 
Transfer Protocol) program for sending e-mail from embed 
ded device 17 to Internet addresses and for receiving e-mail 
from the Internet. E-mail program 25 operates as a mail 
transfer agent (MTA) for e-mail messages arriving at 
embedded device 17 and a mail delivery agent (MDA) for 
e-mail messages originating from embedded device 17. 
Other mail transfer protocols and programs may be also used 
by embedded device 17 in addition to, or instead of, those 
noted above. 

0023 XML processor program 24 is a program for gen 
erating XML code that reports the State of apparatus 11. 
XML is a Self-describing computer language that defines 
variables and values relating to those variables. XML is 
self-describing in the sense that fields in the XML code 
identify variables and their values in the XML code. The 
template for XML used to generate an e-mail is as follows: 

<name>temperature</ 
name><values.<#temperaturehs</values, 

0024 where the “name” field identifies the name of a 
variable and the “value” field identifies the value of the 
variable that follows the “name” field. So, for the example 
given above, the variable is “temperature” and a value (e.g., 
33.8) may be inserted for that variable as follows: 

<name>temperature</name><values 33.8</values. 

0.025 XML processor program 24 generates XML code 
having the above Syntax from a tag database 22 Stored in 
memory 19. 

0.026 Tag database, 22 contains tags for use by XML 
processor program 24 in generating XML code. FIG. 2 
shows an example of a format for a tag 26, although other 
formats may be used. Tag 26 contains a name field 27, a 
description field 29, a value field 30, a time stamp field 31, 
and an item identifier (ID) field 32. These fields are used to 
obtain, identify and Store information relating to apparatus 
11. 

0027 Name field 27 holds the name of a state variable for 
apparatus 11, Such as “temperatures', and description field 
29 provides further identification information, such as “tem 
perature of fluid in a tank”. Value field 30 holds the value of 
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the state variable and time stamp field 31 holds the time that 
the value in value field 30 was obtained. Value field 30 may 
include a variant, which is a construct that holds the value 
as an integer, a real number, a boolean, a character String, or 
Some other type. Item ID field 32 holds an identifier that 
corresponds to hardware that is being monitored within 
apparatus 11. The identifier corresponds to a register loca 
tion or to Some other Storage area of apparatus 11 that 
contains the value for field 30. For example, if embedded 
device 17 is in a robotics system, item ID field 32 might 
correspond to a register in the robotics System that contains 
a Velocity or position of a robotic arm. 
0028 OPC server program 21 reads item IDs from field 
32 and uses those item IDs to read variable values from 
corresponding hardware storage areas 34. OPC Server pro 
gram 21 implements an industrial automation protocol, Such 
as MODBUS TCP, to communicate with the apparatus 
hardware. The system is not limited to use with the MOD 
BUS protocol or with OPC server program 21; any drivers 
or computer programs may be used to read the State variable 
values from the hardware. Once a state variable value has 
been read, OPC server program 21 inserts the variable value 
into field 30 of the appropriate tag. 
0029 FIG. 3 shows a process 36 for reporting the state 
of apparatuS 11 to remote computer 16 using e-mail. In this 
embodiment, process 36 is implemented by OPC server 
program 21, XML processor program 24, e-mail program 
25, and System Software (not shown) executing in embedded 
device 17. The System Software may include an operating 
System or other programs that control the background opera 
tion of embedded device 17. 

0030) Process 36 detects (301) the state of apparatus 11. 
The state may be indicative of an error condition (described 
below) within apparatus 11 or it may simply be state 
variables of apparatus 11 that are obtained at a particular 
time. To detect the state of apparatus 11, OPC server 
program 21 polls the hardware in apparatus 11 periodically. 
To perform this polling, OPC server program 21 obtains 
(301a) an itemID from tag database 22 and reads (301b) the 
value of a state variable that corresponds to the item ID from 
the appropriate hardware Storage location. Process 36 may 
report the value to the remote computer as is or, alterna 
tively, proceSS 36 may use the value to identify and report an 
error condition in the hardware. A process for reporting error 
conditions is described below. 

0031) Process 36 generates (302) an e-mail message 
reporting the value of State variable(s) for apparatus 11. 
Specifically, XML processor program 24 retrieves both the 
name of each State variable and the value of the State 
variable from the appropriate tag(s) in tag database 22. Other 
variables may also be retrieved from tag database 22 includ 
ing the time Stamp, description, and whatever other variables 
are stored in tag database 22. Which information is retrieved 
is pre-set in XML processor program 24. The retrieved 
variables are used by XML processor program 24 to gen 
erate XML code for an e-mail to remote computer 16. 
0032 XML processor program 24 may generate the XML 
code "on the fly', meaning without the use of a template. In 
this case, a blank XML file is populated with the retrieved 
variables in XML format by XML processor program 24. 
Alternatively, XML processor program 24 may generate the 
XML code using a pre-defined and formatted template. The 
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template may be obtained by XML processor program 24, 
e.g., from memory 19 or a remote storage location (not 
shown). For example, the template may contain formatting 
Similar to that shown above, namely: 

<name>temperature</ 
name><values.<#temperaturehs</values. 

0033) To generate the XML code from the template, 
XML processor program 24 Scans through the template and 
inserts State variable value(s) retrieved from tag database 22, 
where appropriate. XML processor program 24 may gener 
ate the XML code periodically, depending upon how often 
e-mails are to be sent to the remote computer. Alternatively, 
tag manager Software (not shown) may be included to 
provide newly-received tag variables to XML processor 
program 24. In this case, XML processor program 24 
generates the XML code when it receives the new tag 
variables. 

0034. The resulting XML code may be part of the body 
of an e-mail or it may part of an attachment to an e-mail. The 
e-mail also contains a unique identifier, Such as a code, that 
identifies embedded device 17 to remote computer 16. 
E-mail program 25 obtains the XML code from XML 
processor program 24 and Sends it to remote computer 16 as 
part of the e-mail message. E-mail program 25 obtains the 
code periodically, depending upon the frequency at which 
e-mails are to be sent to the remote computer. The frequency 
is set beforehand in embedded device 17. The address of the 
remote computer may be registered with e-mail program 25 
beforehand. Typically, the address/remote computer will be 
that of an entity that requires information about apparatus 
11. For example, the entity may be a manufacturer of the 
apparatus, a plant monitoring System, or the like. The e-mail 
program Sends the message to router/modem 14, which 
transfers it via external network 15 to remote computer 16. 
There, the e-mail message is processed in the manner is 
described below. 

0035. The foregoing describes the case where embedded 
device 17 Simply reports the State of apparatuS 11 to remote 
computer 16 periodically. Alternatively, embedded device 
17 may report the state to remote computer 16 only when an 
error condition or "alarm' is detected. 

0036 FIG. 4 shows a process 40 by which embedded 
device 17 detects error conditions in apparatus 11 and sends 
an e-mail message to remote computer 16 when an error 
condition is detected. Process 40 detects (401) the state of 
apparatus 11, where, as above, “state' refers to tag variable 
values for apparatus 11. Detection (401) is performed in the 
Same manner as process 36; therefore, a description is 
omitted here. Once process 36 has obtained the state of 
apparatus 11, process 36 determines (402) if that state 
represents an error condition. 

0037 To detect an error condition, process 40 may com 
pare an obtained State variable value to a predetermined 
acceptable value or a range of predetermined acceptable 
values. If the State variable value is outside the range of, or 
deviates considerably from, the acceptable value(s), then 
proceSS 40 knows that an error condition is present. Alter 
natively, process 40 may store each State variable value in 
memory 19 as it is obtained, and compare each newly 
received State variable value to one or more Stored State 
variable values. If the new state variable value deviates by 
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more than a predetermined amount from the Stored value(s), 
process 40 knows that an error condition is present/has 
occurred. 

0038 An error condition may be based on a single state 
variable value or it may be based on Some combination of 
two or more state variable values. For example, if embedded 
device 17 is in manufacturing equipment that monitors both 
a level of fluid in a tank and a temperature of that fluid, an 
error condition may only be present if both the fluid level 
and the temperature exceed preset values. In this example, 
therefore, if only one State variable exceeds its correspond 
ing preset value, then no error condition is present/has 
occurred. 

0039) If process 40 detects (402) an error condition, 
process 40 generates (403) an e-mail message and sends 
(404) the e-mail message to remote computer 16. The 
functions of generating and Sending an e-mail message are 
performed as described above with respect to process 36; 
therefore, detailed descriptions are omitted here. When 
generating the e-mail message, e-mail program 25 may place 
the state variable(s) that caused the error condition in the 
“subject” line of the e-mail. If process 40 does not detect 
(402) an error condition, an e-mail message is not sent, 
whereafter process 40 returns to 401. 
0040 XML processor program 24 may maintain a log of 
error conditions in memory 19. This error condition “his 
tory may be provided along with each new e-mail message. 
The history may relate to a particular state variable or to 
more than one State variable. For example, if the error 
condition pertains to temperature, XML processor program 
24 may include the error condition history for temperature in 
the e-mail. If the error condition pertains to both temperature 
and tank level, XML processor program 24 may include the 
error condition history for both temperature and tank level in 
the e-mail. If a template is used to generate the e-mail 
message, portion(s) of that template may be reserved for 
error condition history. 

0041) Processes 36 and 40 can be combined to generate 
an e-mail periodically that reports the State of apparatuS 11 
to remote computer 16 even if no error conditions have been 
detected in apparatuS 11, and that also flags any error 
conditions if any have been detected. XML processor pro 
gram 24 adds an indicator or the like next to State variable 
values that correspond to error conditions. 

0042 Processes 36 and 40 may be executed by embedded 
device 17 to monitor and report on any type of State 
variables in any type of apparatus. For example, processes 
36 and 40 may detect state variable values relating to 
conveyor belt speed, current and/or Voltage in electronic 
devices, tank fluid levels, input/output Sensors, and the like. 
Processes 36 and 40 may detect state variable values through 
a programmable logic controller (PLC) that is connected to 
one or more other devices. A PLC includes plug-in cards for 
each device that obtain and Store device State variable 
values. OPC server program 21 communicates with these 
plug-in cards to obtain the device State variable values for 
generating e-mails as described above. 
0043. E-mails generated by processes 36 and 40 report 
the State of apparatuS 11 using a Self-describing computer 
language, Such as XML, however, other types of Self 
describing computer languages may be used. In-addition, 
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other text and/or images may be included in the e-mails, if 
desired and appropriate under the circumstances. Described 
below is a process that is performed by remote computer 16 
to interpret e-mails received from embedded device 17. 

0044 Processing in the Remote Computer 

0.045 Remote computer 16 contains a controller 41 for 
executing Software Stored in memory 42. Among this Soft 
ware is e-mail program 44, XML parser 45, and customer 
relationship management (CRM) system software 46. 

0.046 AS in embedded device 17, e-mail program 44 is an 
SMTP-compliant program for receiving e-mail from embed 
ded device 17 and other such devices. E-mail program 44 
operates as a mail transfer agent (MTA) for e-mail messages 
arriving at remote computer 16 and a mail delivery agent 
(MDA) for e-mail messages originating from remote com 
puter 16. E-mail program 44 uses the Same protocol as 
e-mail program 25 in embedded device 17. 

0047 XML parser 45 parses XML code in a received 
e-mail to extract variable values, including an identifier for 
apparatus 11. XML parser 45 recognizes field names, Such 
as “name” and “value” from above and extracts correspond 
ing state variable values from those fields. That is, XML 
parser 45 knows the syntax of XML. Knowing this, XML 
parser 45 is able to extract variable names from the “name” 
fields, corresponding variable values from the “value” fields, 
and any other information in the XML code. 

0.048 XML parser 45 passes the state variable values, 
along with appropriate identifiers, to customer relationship 
management System Software 46 or whatever other Software 
requires/uses those State variable values. 

0049 FIG. 5 shows how an e-mail from embedded 
device 17 is processed (43). Once an e-mail has been 
received (501) from embedded device 17, XML parser 45 
extracts (502) the state variable values of apparatus 11 from 
the e-mail. For example, XML parser 45 may extract tank 
levels, temperature values, etc., of apparatuS 11 monitored 
by embedded device 17. The state variable values may be 
indicative of error conditions in apparatus 11, as defined 
above, or simply State variables for apparatuS 11 obtained at 
a given point in time. 

0050 XML parser 45 passes (503) the state variable 
values, i.e., the State of apparatuS 11, to customer relation 
ship management System Software 46. Customer relation 
ship management System Software 46 uses these State Vari 
able values, e.g., to Schedule maintenance for apparatuS 11 
if necessary, to provide Software upgrades to apparatus 11, 
or for any other purpose. Because the XML code in the 
e-mail is readable by XML parser 45, reporting and sched 
uling by customer relationship management System Software 
46 can be done automatically. It is noted that e-mail program 
44 may still forward an e-mail to a customer representative, 
technician, or the like, particularly if an e-mail contains 
human-readable text. 

0051. The Software on remote computer 16 is not limited 
to that shown in FIG. 1. For example, XML parser 45 may 
be replaced by a parser that is capable of parsing/reading 
other types of computer code, depending upon the code that 
is used in the received e-mail. Likewise, the parsed variables 
can be passed to Software other than customer relationship 
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management System Software 46. For example, the variables 
can be stored in a database 47 for later use. 

0.052 Architecture 
0053 Processes 36, 40 and 43 are not limited to use with 
the hardware/software configuration of FIG. 1; they may 
find applicability in: any computing or processing environ 
ment. Processes 36, 40 and 43 may be implemented in 
hardware (e.g., an ASIC Application-Specific Integrated 
Circuit and/or an FPGA Field Programmable Gate 
Array), Software, or a combination of hardware and Soft 
WC. 

0054 Processes 36, 40 and 43 may be implemented using 
one or more computer programs executing on programmable 
computers that each includes a processor, a Storage medium 
readable by the processor (including volatile and non 
volatile memory and/or storage elements), at least one input 
device, and one or more output devices. 
0055 Each such program may be implemented in a high 
level procedural or object-oriented programming language 
to communicate with a computer System. Also, the programs 
can be implemented in assembly or machine language. The 
language may be a compiled or an interpreted language. 
0056. Each computer program may be stored on a storage 
medium or device (e.g., CD-ROM, hard disk, or magnetic 
diskette) that is readable general or special purpose pro 
grammable computer for configuring and operating the 
computer when the storage medium or device is read by the 
computer to perform processes 36, 40 and 43. 
0057 Processes 36, 40 and 43 may also be implemented 
as a computer-readable Storage medium, configured with a 
computer program, where, upon execution, instructions in 
the computer program cause the computer to operate in 
accordance with processes 36, 40 and 43. 
0058 Other embodiments not described herein are also 
within the Scope of the following claims. 

What is claimed is: 
1. A computer-implemented method for using a device 

embedded in an apparatus to report the State of the apparatus 
to a remote computer, comprising: 

detecting the State of the apparatus, 
generating an electronic mail message that reports the 

State of the apparatus using a Self-describing computer 
language, and 

Sending the electronic mail message to the remote com 
puter. 

2. The method of claim 1, wherein the state is indicative 
of an error condition in the apparatus. 

3. The method of claim 2, wherein the error condition 
comprises a variable that deviates from an acceptable value 
or a predetermined range of acceptable values. 

4. The method of claim 1, wherein detecting the state 
compriseS receiving the State from the apparatus. 

5. The method of claim 1, wherein detecting the state 
comprises retrieving the State periodically from the appara 
tuS. 

6. The method of claim 1, wherein detecting the state 
comprises: 
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obtaining an identifier for the apparatus, the identifier 
relating to the State of the apparatus, and 

reading the State from the apparatus using the identifier. 
7. The method of claim 1, further comprising: 
determining if the State of the apparatus has changed; 
wherein the electronic mail message is generated if the 

State of the apparatus has changed. 
8. The method of claim 7, wherein determining comprises 

comparing the State received from the apparatus to a previ 
ous State of the apparatus. 

9. The method of claim 1, wherein the self-describing 
computer language compriseS eXtensible Markup Language 
(XML). 

10. The method of claim 1, wherein the electronic mail 
message is generated using a predefined template, the elec 
tronic mail message being generated by: 

obtaining one or more variables relating to the apparatus, 
and 

inserting the one or more variables into the template. 
11. The method of claim 1, wherein the state of the 

apparatus is included as part of a body of the electronic mail 
meSSage. 

12. The method of claim 1, wherein the state of the 
embedded device is included as part of an attachment to the 
electronic mail message. 

13. A computer-implemented method for obtaining a state 
of an apparatus from a device embedded in the apparatus, 
comprising: 

receiving an electronic mail message that reports the State 
of the apparatus using a Self-describing computer lan 
guage, and 

extracting the State of the apparatus from the electronic 
mail message. 

14. The method of claim 13, wherein the self-describing 
computer language compriseS eXtensible Markup Language 
(XML). 

15. The method of claim 13, wherein the state is indicative 
of an error condition in the apparatus. 

16. The method of claim 15, wherein the error condition 
comprises a variable that deviates from an acceptable value 
or a predetermined range of acceptable values. 

17. The method of claim 13, further comprising passing 
the State of the apparatus to a customer relationship man 
agement System. 

18. A computer program Stored on a computer-readable 
medium for reporting the State of an apparatus to a remote 
computer, the computer program comprising instructions 
that cause an embedded device in the apparatus to: 

detect the State of the apparatus, 
generate an electronic mail message that reports the State 

of the apparatus using a Self-describing computer lan 
guage, and 

Send the electronic mail message to the remote computer. 
19. The computer program of claim 18, wherein the state 

is indicative of an error condition in the apparatus. 
20. The computer program of claim 19, wherein the error 

condition comprises a variable that deviates from an accept 
able value or a predetermined range of acceptable values. 
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21. The computer program of claim 18, wherein detecting 
the State compriseS receiving the State from the apparatus. 

22. The computer program of claim 18, wherein detecting 
the State comprises retrieving the State periodically from the 
apparatuS. 

23. The computer program of claim 18, wherein detecting 
the State comprises: 

obtaining an identifier for the apparatus, the identifier 
relating to the State of the apparatus, and 

reading the State from the apparatus using the identifier. 
24. The computer program of claim 18, further compris 

ing instructions that cause the embedded device to: 
determine if the State of the apparatus has changed; 

wherein the electronic mail message is generated if the 
State of the apparatus has changed. 

25. The computer program of claim 24, wherein deter 
mining comprises comparing the State received from the 
apparatus to a previous State of the apparatus. 

26. The computer program of claim 18, wherein the 
Self-describing computer language comprises eXtensible 
Markup Language (XML). 

27. The computer program of claim 18, wherein the 
electronic mail message is generated using a predefined 
template, the electronic mail message being generated by: 

obtaining one or more variables relating to the apparatus; 
and 

inserting the one or more variables into the template. 
28. The computer program of claim 18, wherein the state 

of the apparatus is included as part of a body of the 
electronic mail message. 

29. The computer program of claim 18, wherein the state 
of the apparatus is included as part of an attachment to the 
electronic mail message. 

30. A computer program Stored on a computer-readable 
medium for obtaining a State of an apparatus from a device 
embedded in the apparatus, the computer program compris 
ing instructions that cause a processor to: 

receive an electronic mail message that reports the State of 
the apparatus using a Self-describing computer lan 
guage, and 

extract the State of the apparatus from the electronic mail 
meSSage. 

31. The computer program of claim 30, wherein the 
Self-describing computer language comprises eXtensible 
Markup Language (XML). 

32. The computer program of claim 30, wherein the state 
is indicative of an error condition in the apparatus. 

33. The computer program of claim 32, wherein the error 
condition comprises a variable that deviates from an accept 
able value or a predetermined range of acceptable values. 

34. The computer program of claim 30, further compris 
ing instructions that cause the processor to pass the State of 
the apparatus to a customer relationship management Sys 
tem. 

35. A device embedded in an apparatus for reporting the 
State of an apparatus to a remote computer, the embedded 
device comprising circuitry which: 
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detects the State of the apparatus, 
generates an electronic mail message that reports the State 

of the apparatus using a Self-describing computer lan 
guage, and 

Sends the electronic mail message to the remote computer. 
36. The device of claim 35, wherein the state is indicative 

of an error condition in the apparatus. 
37. The device of claim 36, wherein the error condition 

comprises a variable that deviates from an acceptable value 
or a predetermined range of acceptable values. 

38. The device of claim 35, wherein detecting the state 
compriseS receiving the State from the apparatus. 

39. The device of claim 35, wherein detecting the state 
comprises retrieving the State periodically from the appara 
tuS. 

40. The device of claim 35, wherein detecting the state 
comprises: 

obtaining an identifier for the apparatus, the identifier 
relating to the State of the apparatus, and 

reading the State from the apparatus using the identifier. 
41. The device of claim 35, wherein: 
the circuitry determines if the State of the apparatus has 

changed; and 
the electronic mail message is generated if the State of the 

apparatus has changed. 
42. The device of claim 41, wherein determining com 

prises comparing the State received from the apparatus to a 
previous State of the apparatus. 

43. The device of claim 35, wherein the self-describing 
computer language compriseS eXtensible Markup Language 
(XML). 

44. The device of claim 35, wherein the electronic mail 
message is generated using a predefined template, the elec 
tronic mail message being generated by: 

obtaining one or more variables relating to the apparatus, 
and 

inserting the one or more variables into the template. 
45. The device of claim 35, wherein the state of the 

apparatus is included as part of a body of the electronic mail 
meSSage. 

46. The device of claim 35, wherein the state of the 
apparatus is included as part of an attachment to the elec 
tronic mail message. 
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47. The device of claim 35, wherein the circuitry com 
prises a memory which Stores executable instructions and a 
processor which executes the instructions. 

48. The device of claim 35, wherein the circuitry com 
prises one or more of an application-Specific integrated 
circuit and a programmable gate array. 

49. A first apparatus for obtaining a State of a Second 
apparatus from a device embedded in the Second apparatus, 
the first apparatus comprising circuitry which: 

receives an electronic mail message that reports the State 
of the Second apparatus using a Self-describing com 
puter language, and 

extracts the State of the Second apparatus from the elec 
tronic mail message. 

50. The first apparatus of claim 49, wherein the self 
describing computer language comprises eXtensible 
Markup Language (XML). 

51. The first apparatus of claim 49, wherein the state is 
indicative of an error condition in the Second apparatus. 

52. The first apparatus of claim 51, wherein the error 
condition comprises a variable that deviates from an accept 
able value or a predetermined range of acceptable values. 

53. The first apparatus of claim 49, wherein the circuitry 
passes the State of the Second apparatus to a customer 
relationship management System. 

54. The first apparatus of claim 49, wherein the circuitry 
comprises a memory which Stores executable instructions 
and a processor which executes the instructions. 

55. The first apparatus of claim 49, wherein the circuitry 
comprises one or more of an application-specific integrated 
circuit and a programmable gate array. 

56. A System comprising: 
a first device comprising circuitry which generates an 

electronic mail message reporting a State of an appa 
ratus using a Self-describing computer language, and 

a Second device, in communication with the first device, 
the Second device comprising circuitry which receives 
the electronic mail message from the first device. 

57. The system of claim 56, wherein the circuitry in the 
Second device extracts the State of the apparatus from the 
electronic mail message. 

58. The system of claim 56, wherein the first device is 
embedded in the apparatus and the Second device comprises 
a remote computer. 


