
EP 0 367 388 B1 Description This invention relates to apparatus and a
method for monitoring the diagnostic output of a computer- based system,
and more particularly to such apparatus for use with a computer-based
elevator controller 5  possessing enhanced diagnostic capability. As
computer-based systems advance in sophistication and proliferate in number,
associated service problems increase in novelty and number as well.
Elevators provide a representative example. In the prior art, elevator
problems that exist at the time a service technician requests this
information can be extracted by an Operator's Maintenance Tool (OMT), as
disclosed in U.S. Patent No. 4,561,093 to Doane et al. With 10  the OMT, a
user must either ask the elevator controller for the diagnostic status, or
command the elevator to operate in an attempt to duplicate and identify the
problem. This works well for simplistic elevator control problems. However,
for more complex elevator problems, it is often required to install a
complex and expensive logic state analyzer on the computer-based elevator
controller to diagnose the aforementioned problems. However, the analyzer
must be operated by a person knowledgeable with the control software of 15
the elevator controller. Normally, this is not the elevator service
technician. To solve this problem, enhanced elevator diagnostics was
developed. Commonly-owned U.S. Patent No. 4,750,591 to Coste et al.
discloses a method and apparatus for monitoring an elevator by utilizing
signals available within the elevator itself to determine the identity of
an elevator car operating state. That art Is predicated on the fact that an
elevator car normally operates sequentially from state to state in a 20
closed loop sequential chain of linked normal operating states. As a
result, selected message signals are provided in the presence of state
transitions to either normal or abnormal operating states. These selected
message signals are intended to be transmitted to external monitoring
apparatus at the elevator site. Objects of the invention include extracting
and recording enhanced diagnostic information from a computer-based
elevator controller and conveying the diagnostic information to interested
personnel in a 25  meaningful way. According to the present invention there
is provided; apparatus for use with an elevator system having at least one
car, comprising: for each elevator car, signal processing means for
monitoring the states of a plurality of two-state parameter signals
indicative of a corresponding plurality of elevator parameters, saId signal
processing 30  means determining the identity of an elevator operating
state for an elevator car which normally operates sequentially from state
to state in a closed loop sequential chain of linked normal operating
states by detecting the satisfaction of a transition criterion defining a
transition from an immediately preceding operating state or to an
immediately succeeding operating state by detecting the parameter signal
state or states, alone or in combination, of one or more sensed parameter
signals defining the satisfied transition 35  criterion, each criterion
indicating either a transition to a normal operating state in the chain or
to an abnormal operating state, and for providing selected message signals
in the presence of corresponding selected transitions; for each elevator
car, an event buffer, responsive to a selected number of the latest to
occur of selected parameter signal state changes, for storing state change
signals indicative of said latest parameter signal 40  state changes, said
event buffer being responsive to said selected message signals for
providing related buffer message signals corresponding to said stored state
change signals; 



for each elevator car, communication means, responsive to said selected
message signals provided by said signal processing means, for transmission
thereof, and responsive to said buffer message signals provided by said
event buffer, for transmission thereof; 45  characterized by: monitor
communication means, responsive to each of said elevator car communication
means, for decoding said transmitted selected message signals and providing
decoded signals indicative thereof, and for decoding said transmitted
buffer message signals and providing decoded signals indicative thereof;
user input means for providing signals indicative of parameter limit values
corresponding to parameter so  value transition criterion for said
plurality of parameters monitored by each one of said elevator car signal
processing means; display means responsive to said monitor signal
processing means; monitor signal processing means, responsive to said
monitor communication means, for providing signals indicative of said
decoded selected message signals to said display means for display in a 55
predetermined form, and for providing signals indicative of said decoded
buffer message signals to said display means for display in a predetermined
form, said monitor signal processing means being responsive to said user
input means for providing signals indicative of said parameter limit value
signals to said display means for display in a predetermined form, and for
providing said signals indicative of said parameter limit 2    EP 0 367 388
B1 value signals to said monitor communication means for transmission.
Furthermore the object of the Invention is solved by the features of the
method according to claim 5. Other objects, features, and advantages of the
present invention will become more apparent in light of the following
detailed description of exemplary embodiments thereof, as illustrated in
the accompanying 5  drawings. Fig. 1 illustrates a computer of the
invention connected, by means of a serial communication link, to eight
computer-based, elevator controllers, each of which has enhanced diagnostic
capability. Fig. 2 is a block diagram of the computer of Fig. 1. Fig. 3
illustrates a computer screen for display of a plurality of typical
elevator parameters. 10     Fig. 4 illustrates a computer screen for
display of an exemplary main menu for the monitoring program. Fig. 5
illustrates a computer screen of the typical contents of an elevator
controller event buffer as a result of an alarm or alert condition. Fig. 6
illustrates a computer screen associated with an alarm display along with
an optional detailed description of the alarm and the possible causes for
it. 15     Fig. 7 illustrates a computer screen associated with typical
elevator performance data collected during polling of the elevator
controller. In Fig. 1, a computer 10 is connected by means of a serial
communication link 12 to eight computer- based, elevator controllers 14-21.
The computer 10 is typically an International Business Machine Corpora-
tion (IBM) laptop personal computer or one of a number of other
manufacturer's computers similar to that of 



20  IBM (i.e., IBM "clones"). The communication link 12 is typically that
of the well-known RS422 industry standard. Each elevator controller 14-21
contains software that controls the operation of the elevator car and also
implements enhanced elevator diagnostics as disclosed in the aforementioned
commonly-owned U.S. Patent No. 4,750,591 to Coste et al. There, a method
and apparatus for monitoring an elevator is disclosed 25  in which the
elevator car is modeled as operating in a closed loop chain of normal
operating states. The controller monitors the states of a plurality of
two-state parameter signals, each signal being indicative of one of a
corresponding plurality of elevator parameters. The identity of a car
operating state is determined by detecting the satisfaction of a criterion
defining a transition either from an immediately preceding operating state
or to an immediately succeeding operating state. The transition detection
is accomplished 30  by detecting the parameter signal state or states,
alone or in combination, of one or more of the sensed parameter signals
that define the satisfied transition criterion, each criterion indicating
either a transition to a normal operating state in the sequence of states
or to an abnormal operating state. The elevator controller provides
selected message signals in the presence of corresponding selected
transitions. A selected number of the most recent to occur of certain
parameter signal state changes are stored in an event buffer 35  and
provided as part of the selected message signals. As a result of the
monitoring of elevator operation, the controller software records
significant parameter signal state changes and analyzes these changes for
indication of performance data, alarms, and alerts. Such analysis provides
error recognition by comparing actual event sequences to predefined valid
event sequences that are normal to elevator control. Deviations from the
pre-defined sequences invoke the alarm 40  condition, alert condition, and
some system usage accounting messages. Other system usage accounting
messages are integral to normal event sequences. Performance data consists
of data such as number of runs and number of door operations. An alarm
message is associated with certain shutdown conditions where a passenger
may be trapped in the car. An alert message is an indication that the
elevator is operating below performance standards. 45     Also provided as
a part of alarms and alerts are the contents of an event buffer, located
inside the controller, that stores the last one hundred or so significant
events (i.e., significant parameter signal state changes) leading up to the
reported alarm or alert condition. The storing of the last one hundred
events monitored is particularly advantageous for trouble shooting
purposes. Monitoring an elevator car according to an operating state model
together with storing the most recent 50  of selected event occurrences
provides a powerful method of diagnosing elevator problems. In an exemplary
embodiment of the aforementioned Coste et al patent, the monitoring of an
elevator system according to the state machine model is accomplished by a
computer-based elevator controller. Once transition-significant parameter
signals are detected and recorded by the controller, they are analyzed for
the presence of significant events such as alarm conditions, sub-standard
performance conditions 55  (alerts), and system usage performance
conditions. Diagnostic messages indicative of these conditions are then
communicated outside of the particular controller to the computer 10 for
manifestation to elevator personnel. Communication of diagnostic messages
indicative of problem conditions to an external computer provides an
improved method of troubleshooting computer-based elevator controllers. 3  



EP 0 367 388 B1 Fig. 2 is a block diagram of the computer of Fig. 1. The
communication link 12 connecting the elevator controllers 14-21 together is
also connected to communication means 25 inside the computer 10. The
communication means 25 are typically implemented with readily-available
dedicated digital line driver and receiver integrated circuits marketed by
well-known companies such as Texas Instruments or Motorola. The 5
communications means 25 are used to receive the messages indicative of
enhanced elevator diagnostic information transmitted over the communication
line 12 from any one of the elevator controllers 14-21. Once received, the
communication means 25 decodes the message signals and provides signals
indicative of the decoded messages to a central processing unit (CPU) 27.
The CPU is typically implemented with any well- known microprocessor
integrated circuit (IC), such as the Intel Model 80188 microprocessor,
together with 10  optional support ICs (e.g. interrupt controller, direct
memory access controller, etc.). Table III of the aforementioned Coste et
al patent, incorporated herein as Table I, lists exemplary messages
transmitted to the computer 10 in response to the diagnosis of certain
elevator conditions. For example, assume a typical sequence of elevator
operating states (reference Fig. 4(a) of the the aforemen- tioned Coste et
al patent) where the elevator car has stopped at a landing, the doors are
closed, and a door 15 open command has been received by the elevator
controller. The reception of the door open command transitions the elevator
controller software to proceed from a no door open command state (S0) to a
state (S1) where the doors are opening and the door fully closed parameter
signal is off. The next normal operating state (S2) is that of the
condition where the doors are partially open and are continuing to open in
response to the door open command. Once the doors are fully open, a
transition is made to a state (S3) 20 indicative of the doors being fully
open and the elevator controller is anticipating a door close command. 25
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EP 0 367 388 B1 operating states is the expected sequence for a normally
operating elevator car. Connected with certain ones of the state
transitions are output functions performed by the elevator controller. For
example, upon the transition from state S0 to state S1, a timer,
implemented either in hardware or software, would have been started. Then,
from the time the door open command is received in 5  state S0, through
intermediary states S1 and S2, until the time the door fully open condition
is sensed in state S3, the timer is in operation. Once state S3 is reached,
the timer value is compared to a preselected time limit for door opening.
If the time limit is exceeded, then the elevator controller sends a
selected maintenance request message over the communication link 12 to the
communication means 25 inside the computer 10. For the particular situation
just described, maintenance message sub-type number thirty 10  (reference
Table I) is sent. Also, additional data words are transmitted, such as the
number of occurrences of this particular time limit exceedence along with
information that describes the current time limit that the actual limit was
compared against by the elevator controller, the last time that a failure
occurred, and the landing of the last occurrence of a time limit
exceedence. These transmitted data words indicative of enhanced elevator
diagnostics are then processed by the CPU 27 either for display on a
computer display 15  29 or for a hard copy printout generated by an
externally-connected printer 32. For a laptop-type personal computer, the
display 29 is typically implemented as an eighty-column by twenty-five-line
character matrix using liquid crystal display technology. The printer 32 is
connected by a communications link 34 to the communication means 25. The
protocol used for printer communications is typically either that of the
well- known RS232 serial type or that of the well-known Centronics parallel
communications protocol. The printer 20  can be that of a wide variety of
well-known types (e.g., dot matrix, laser, etc.) made by a number of well-
known manufacturers (Okidata, Epson, Toshiba, etc.). The data words
transmitted over the communication link 12 from any elevator controller can
also be stored in storage means 36 for future manipulation and reference.
The storage means 36 are typically comprised of several types of electronic
storage media: volatile random access memory (RAM) for temporary storage
and manipulation by the CPU 27; magnetic 25  storage in the form of floppy
disk for non-volatile, transportable storage; magnetic hard disk storage
for non- volatile, high-volume storage. Normally, the apparatus of the
present invention is intended to be used either during system installation,
for periodic evaluation, or for problem site analysis. A typical operating
sequence is as follows: elevator maintenance personnel physically locate
the computer 10 and, optionally, the printer 32 in the 30  elevator machine
room, or in close proximity thereto. The computer 10 is connected to up to
eight computer-based elevator controllers 14-21 by way of the communication
link 12. Typically, an IBM laptop personal computer is supplied with at
least one communication port implementing the RS232 protocol, and at least
one communication port implementing the Centronics parallel protocol. The
optional printer 32 connects directly to either a Centronics parallel port
or to one of the RS232 serial ports on the IBM 35  computer 10. Since
typically RS422 protocol electronics are not supplied on an IBM personal
computer, a commonly available RS232-to-RS422 adapter is plugged into one
of the RS232 ports on the IBM computer, and the RS422 cable implementing
the RS422 communication link 12 is plugged into the adapter. Once the
computer and printer are connected to the elevator controllers, the
software program that 



controls the operation of the computer 10 is loaded into the computer 10.
Typically, the software is provided 40  on a floppy disk which is placed
into the system floppy disk drive (i.e., the "A" drive) on the IBM computer
10. Also, a data floppy disk is loaded into a second disk drive (i.e., the
"B" drive) on the IBM computer 10. Electrical power is then applied to the
computer 10 and printer 32. After powerup, the software offers the user a
choice between a configuration program or a monitoring program. The
configuration program is normally run when it is desired to enter the
parameters of the 45  elevator installation, or if the user is unsure of
the configurations on file, or if it is desired to edit a configuration
file. The monitoring program is normally run when the configuration file
for the particular elevator installation has been established and the user
desires to extract information from any connected elevator controllers. All
display of data to the user for subsequent interpretation and/or
interaction is presented by way of the display 29. 50     The type of
information normally entered when running the configuration program
includes the site name, building number, number of cars, and the machine
number of each car. This information is entered by the user using keystroke
entries made on a keyboard 38 of the IBM computer 10. Another feature of
the configuration program is that, in the aforementioned door open/close
sequence example, the current door open time limit, that the actual door
opening time limit is compared against, is 55  one of a plurality of
predetermined parameter limit values that can be selected by the user. The
user can choose to modify default values for the limits of a number of
typical elevator operational parameters, as listed in Table II along with
the corresponding parameter definitions. The chosen default values are
entered interactively by the user using the keyboard 38 and display 29.
Fig. 3 illustrates an exemplary computer 13    EP 0 367 388 B1 screen
containing a plurality of typical elevator parameters listed in Table II.
The parameters which the user can set the current values of are enclosed in
rectangles. The particular elevator controller uses the current values in
determining certain elevator status conditions. These values are
communicated by the computer 10 over the communication link 12 to the
particular elevator controller when the monitoring program is 5  entered.
Once the system configuration is complete, the monitoring program is
entered wherein the enhanced elevator diagnostic information can be
extracted from any of the computer-based elevator controllers 14-21
connected to the computer 10. The information is normally communicated to
the computer at five hundred millisecond intervals. This transmission rate
is strictly exemplary. 10 15 20 25 30 35 40 



46 50 55 14    EP 0 367 388 B1 TABLE II 5      Parameter        Definition
POR Message      If enabled, an alarm is generated Enable
whenever car is powered up. 10 Event Buffer     If you enter "Y", the
program with Alert       will save the event buffer 15
associated with each alert generated. 20     Nudge Threshold  Maximum
allowable number of consecutive runs in which nudging is initiated. If this
number is exceeded, a front door or rear 25                       door
alert is generated. Excessive Door   Maximum allowable number of 30
Close Cycles      instances of excessive door close time. If this number is
exceeded, a front door or rear door alert is generated. 35 Alert Threshold
Maximum allowable number of occurrences of any one alert. If 40
this number is exceeded, an alarm is generated. One-Floor Run    Maximum
time allowed for Time 45 monitored one-floor run from "start landing" to
"end landing". If time exceeds given value, an 50
alert will be generated. 55 15  



EP 0 367 388 B1 TABLE II 5      Parameter        Definition One-Floor Run
Start landing for monitored Start Landing    one-floor run. 10 One-Floor
Run    End landing for monitored End Landing      one-floor run. 15 F Door
Close     Maximum time allowed for the front doors to close. If actual time
exceeds this limit, the Excessive Front Door Close counter is incremented.
25     R Door Close      Maximum time allowed for the rear doors to close.
If actual time exceeds this limit, the Excessive Rear Door Close counter is
incremented. F Door Open      Maximum time allowed for the front doors to
open. If actual time exceeds this limit, an alert is generated. 40 R Door
Open      Maximum time allowed for the rear doors to open. If actual time
exceeds this limit, an alert is 45 generated. 50 55 16    EP 0 367 388 B1
TABLE II Parameter              Definition 5 



Emergency              Maximum time allowed for "No Button
Car Response"  if the in-car 10                                Emergency
Stop button is pushed when initial problem is detected. Group Comm
Maximum time allowed from Delay detection of a group communication failure,
until failure is cleared. If trouble 20                                is
not cleared within the timer limit, an alarm is generated. 25     After
entering the monitoring program, a main menu appears on the display screen
29, as illustrated in Fig. 4. This menu lists the options available to the
operator for extracting, recording, or conveying enhanced elevator
diagnostic data. The software for the computer 10 is designed such that
most selections are entered with single keystrokes. For example, upon
initially entering the monitoring program, the user typically depresses the
function key "F1" in order to select, from a list that appears on the
screen, the 30  desired site configuration file developed hereinbefore in
the configuration program. This single keystroke entry facilitates ease of
operation. After the user has chosen the proper site configuration file,
program operation is returned to the main menu. At this point, the user
typically extracts data from an elevator controller by one of two methods:
if the currently stored historical data in the elevator controller may be
of some value in diagnosing a reported 35  problem (e.g., due to an
elevator malfunction reported by building personnel), then the user selects
"F3" in order to poll the elevator control system (ECS) for such
information; if the meaning of the data is unknown (of no interest), then
the user selects "F2" in order to "flush" (erase) data from the controller.
After selecting the flush option, the user can either save the flushed data
on the floppy disk portion of the storage means 36 for future
interpretation or the data can be discarded. Also in the flush option, the
number of alarm or 40  alert conditions received for each elevator car
controller from which data is flushed is indicated on the display 29. If it
is desired to poll the system for current data (ie., real time operation),
the user should first flush the elevator controller of stored data and then
begin polling the controller for current data. As a result of the polling
operation, the screen displays the various operational functions (e.g.,
mode, motion, status of 45 emergency button, car position, group status,
etc.) of the polled elevator car, and will indicate whether alarms or
alerts exist for the car. Data transmitted from an elevator controller to
the computer 10 during the polling operation is saved in the storage means
36 for further interpretation, if desired. The elevator controller
communicates the contents of the controller event buffer to the computer 10
if the result of either the polling or flush operations indicate alarm or
alert conditions. Fig. 5 illustrates a 50 computer screen of the typical
contents of a controller event buffer as a result of an alarm or alert
condition. Listed are the latest to occur state changes of a number of
typical elevator parameters that are monitored by the elevator controller.
Once the contents of the elevator controller have been either flushed or
polled and subsequently saved in the storage means 36, the user is
presented with several options for viewing the resulting saved data. By 55
selecting option "F5" from the main menu, the user can display the various
types of information transmitted 



by an elevator controller to the computer 10. For example, either alarms,
alerts, and event buffers or, alternatively, performance data can be
displayed on the display 29, or routed to the printer 32 for a hard copy
printout. The computer screen (Fig. 5) illustrating event buffer contents
associated with resultant alarm 17    EP 0 367 388 B1 or alert conditions
has been discussed hereinbefore. However, it is also possible to display
the contents of the event buffer regardless of the presence of alarms or
alerts. This saves time in that it allows one event buffer for one car
controller to be displayed without first performing either the flush or
poll procedure and paging through the resulting event buffers for the data
associated with each car controller. 5      As a second option, the user
can display alarms or alerts together with corresponding causes for either
the alarm or alert. Fig. 6 illustrates a computer screen associated with an
alarm display along with an optional detailed description of the alarm and
the possible causes for it. The display for the alert condition is similar.
Also, the user can display elevator performance data collected during
polling. Performance data 10  associated with any elevator car is normally
saved at the end of the polling session. Fig. 7 illustrates a computer
screen associated with typical elevator performance data collected during
polling of the elevator controller. As with alarms, alerts, and event
buffers, performance data can also be printed out. The software which
controls the primary computer functions of communicating with the elevator
controllers 14-21 over the communication link 12, communicating with the
printer 32 via either an RS232 15  serial interface of a Centronics
parallel interface, interacting with the user via the keyboard 38, storing
the signals indicative of enhanced elevator diagnostic information in
memory 36, and processing the display screens of the display 29 is
implemented in a well-known manner that should be readily apparent to those
skilled in the art in light of the teachings presented herein. A
manufacturer such as IBM makes available to the public information
regarding the interfacing with the computer's disk operating system (DOS)
software 20  for performing functions such as those enumerated above. The
computer software that interfaces with the IBM DOS can be written in a
designer's choice of a variety of commonly-available computer languages
(e.g., Pascal, C, Assembler, etc.) made available either by IBM itself or
one of a variety of third-party vendors. Although the present invention has
been described in detail in connection with the method and 25  apparatus
for monitoring an elevator as embodied in a computer-based elevator
controller and disclosed in the aforementioned Coste et al patent, it is to
be understood that the present invention can be utilized in any type of
elevator system which normally operates sequentially from state to state in
a closed loop sequential chain of linked normal operating states, which
system determines the identity of an operating state by detecting the
satisfaction of a criterion defining a transition from an immediately
preceding 30  operating state or to an immediately succeeding operating
state by detecting the system parameter signal state or states, alone or in
combination, of one or more sensed system parameter signals defining the
satisfied transition criterion, each criterion indicating either a
transition to a normal operating state in the chain or to an abnormal
operating state, and which system provides selected message signals in the 



presence of corresponding selected transitions. 35     As described, the
communication link between the computer 10 and a plurality of elevator
controllers 14-21 is implemented with the well-known RS422 communications
protocol. However, any serial or parallel communications protocol can be
used; the choice of protocol depends on criteria such as the physical
environment and communication interfaces available on the system
controllers and computers. Also, an IBM laptop personal computer is used to
extract, record and convey the enhanced elevator diagnostic 40  information
from eight elevator controllers. However, any number of elevator
controllers can be intercon- nected to any one of a number of well-known
types of commercially available computers. Also, it is possible for one
skilled in the art to design and build the apparatus of the present
invention using commonly- available electronic components, or even
custom-designed components such as gate arrays or program- mable logic
devices. 45     Although the invention has been illustrated and described
with respect to exemplary embodiments thereof, it should be understood by
those skilled in the art that the foregoing and various other changes,
omissions and additions may be made therein and thereto, without departing
from the scope of the invention. 50  Claims 1. Apparatus for use with an
elevator system having at least one car, comprising: for each elevator car,
signal processing means (14-21) for monitoring the states of a plurality of
two-state parameter signals indicative of a corresponding plurality of
elevator parameters, said signal 55     processing means (14-21)
determining the identity of an elevator operating state for an elevator car
which normally operates sequentially from state to state in a closed loop
sequential chain of linked normal operating states by detecting the
satisfaction of a transition criterion defining a transition from an
immediately preceding operating state or to an immediately succeeding
operating state by detecting 18    EP 0 367 388 B1
*   C   L   M   S   * or alert conditions has been discussed hereinbefore.
However, it is also possible to display the contents of the event buffer
regardless of the presence of alarms or alerts. This saves time in that it
allows one event buffer for one car controller to be displayed without
first performing either the flush or poll procedure and paging through the
resulting event buffers for the data associated with each car controller. 5
As a second option, the user can display alarms or alerts together with
corresponding causes for either the alarm or alert. Fig. 6 illustrates a
computer screen associated with an alarm display along with an optional
detailed description of the alarm and the possible causes for it. The
display for the alert condition is similar. Also, the user can display
elevator performance data collected during polling. Performance data 10
associated with any elevator car is normally saved at the end of the
polling session. Fig. 7 illustrates a computer screen associated with
typical elevator performance data collected during polling of the elevator
controller. As with alarms, alerts, and event buffers, performance data can
also be printed out. The software which controls the primary computer
functions of communicating with the elevator 



controllers 14-21 over the communication link 12, communicating with the
printer 32 via either an RS232 15 serial interface of a Centronics parallel
interface, interacting with the user via the keyboard 38, storing the
signals indicative of enhanced elevator diagnostic information in memory
36, and processing the display screens of the display 29 is implemented in
a well-known manner that should be readily apparent to those skilled in the
art in light of the teachings presented herein. A manufacturer such as IBM
makes available to the public information regarding the interfacing with
the computer's disk operating system (DOS) software 20 for performing
functions such as those enumerated above. The computer software that
interfaces with the IBM DOS can be written in a designer's choice of a
variety of commonly-available computer languages (e.g., Pascal, C,
Assembler, etc.) made available either by IBM itself or one of a variety of
third-party vendors. Although the present invention has been described in
detail in connection with the method and 25 apparatus for monitoring an
elevator as embodied in a computer-based elevator controller and disclosed
in the aforementioned Coste et al patent, it is to be understood that the
present invention can be utilized in any type of elevator system which
normally operates sequentially from state to state in a closed loop
sequential chain of linked normal operating states, which system determines
the identity of an operating state by detecting the satisfaction of a
criterion defining a transition from an immediately preceding 30 operating
state or to an immediately succeeding operating state by detecting the
system parameter signal state or states, alone or in combination, of one or
more sensed system parameter signals defining the satisfied transition
criterion, each criterion indicating either a transition to a normal
operating state in the chain or to an abnormal operating state, and which
system provides selected message signals in the presence of corresponding
selected transitions. 35     As described, the communication link between
the computer 10 and a plurality of elevator controllers 14-21 is
implemented with the well-known RS422 communications protocol. However, any
serial or parallel communications protocol can be used; the choice of
protocol depends on criteria such as the physical environment and
communication interfaces available on the system controllers and computers.
Also, an IBM laptop personal computer is used to extract, record and convey
the enhanced elevator diagnostic 40  information from eight elevator
controllers. However, any number of elevator controllers can be intercon-
nected to any one of a number of well-known types of commercially available
computers. Also, it is possible for one skilled in the art to design and
build the apparatus of the present invention using commonly- available
electronic components, or even custom-designed components such as gate
arrays or program- mable logic devices. 45     Although the invention has
been  illustrated and described with respect to exemplary embodiments
thereof, it should be understood by those skilled in the art that the
foregoing and various other changes, omissions and additions may be made
therein and thereto, without departing from the scope of the invention. 50
Claims 1. Apparatus for use with an elevator system having at least one
car, comprising: for each elevator car, signal processing means (14-21) for
monitoring the states of a plurality of two-state parameter signals
indicative of a corresponding plurality of elevator parameters, said signal
55     processing means (14-21) determining the identity of an elevator
operating state for an elevator car which normally operates sequentially
from state to state in a closed loop sequential chain of linked 



normal operating states by detecting the satisfaction of a transition
criterion defining a transition from an immediately preceding operating
state or to an immediately succeeding operating state by detecting 18    EP
EP 0 367 388 B1 the parameter signal state or states, alone or in
combination, of one or more sensed parameter signals defining the satisfied
transition criterion, each criterion indicating either a transition to a
normal operating state in the chain or to an abnormal operating state, and
for providing selected message signals in the presence of corresponding
selected transitions; for each elevator car, an event buffer (14-21),
responsive to a selected number of the latest to occur of selected
parameter signal state changes, for storing state change signals indicative
of said latest parameter signal state changes, said event buffer being
responsive to said selected message signals for providing related buffer
message signals corresponding to said stored state change signals; for each
elevator car, communication means (14-21), responsive to said selected
message signals 10     provided by said signal processing means, for
transmission thereof, and responsive to said buffer message signals
provided by said event buffer, for transmission thereof; characterized by:
monitor communication means (25), responsive to each of said elevator car
communication means (14-21), for decoding said transmitted selected message
signals and providing decoded signals 15     indicative thereof, and for
decoding said transmitted buffer message signals and providing decoded
signals indicative thereof; user input means (38), for providing signals
indicative of parameter limit values corresponding to parameter value
transition criterion for said plurality of parameters monitored by each one
of said elevator car signal processing means 20         display means (29),
responsive to monitor signal processing means (27,36); monitor signal
processing means (27,36), responsive to said monitor communication means
(25), for providing signals indicative of said decoded selected message
signals to said display means (29), for display in a predetermined form,
and for providing signals indicative of said decoded buffer message signals
to said display means (29), for display in a predetermined form, said
monitor signal 25     processing means (27,36) being responsive to said
user input means (38) for providing signals indicative of said parameter
limit value signals to said display means (29) for display in a predeter-
mined form, and for providing said signals indicative of said parameter
limit value signals to said monitor communication means (25) for
transmission. 30  2. The apparatus of claim 1, wherein said user input
means (38) comprises means for providing keyboard input of said plurality
of signals indicative of parameter limit values corresponding to parameter
value transition criterion for said plurality of parameters monitored by
each one of said elevator car signal processing means (14-21). 35  3. The
apparatus of claim 1 or 2, wherein said monitor signal processing means
(14-21) comprises means, responsive to said monitor communication means
(25), for storing signals indicative of said 



decoded selected message signals and for storing signals indicative of said
decoded buffer message signals. 40  4. The apparatus of claim 1, 2 or 3
wherein said monitor communication means (25) comprises means, responsive
to said monitor signal processing means (14-21), for providing signals
indicative of said selected message signals to a hardcopy printout device
(32) for printout in a predetermined form, and for providing signals
indicative of said buffer message signals to a hardcopy printout device
(32) for printout in a predetermined form. 45 5. A method of monitoring the
diagnostic signal output of an elevator controller of an elevator system
which normally operates sequentially from state to state in a closed loop
sequential chain of linked normal operating states, which system determines
the identity of an operating state by detecting the satisfaction of a
criterion defining a transition from an immediately preceding operating
state or to an 50     immediately succeeding operating state by detecting
the system parameter signal state or states, alone or in combination, of
one or more sensed system parameter signals defining the satisfied
transition criterion, each criterion indicating either a transition to a
normal operating state in the chain or to an abnormal operating state, and
which system provides selected message signals in the presence of
corresponding selected transitions, 55         said method comprising:
providing signals indicative of parameter limit values corresponding to a
parameter value transition criterion for each of the one or more selected
elevator parameter signals monitored by the controller; displaying visually
signals indicative of said parameter limit value signals in a predetermined
form;    EP 0 367 388 B1                      [err] communicating said
signals indicative of said parameter limit value signals to the elevator
controller; providing signals indicative of said selected message signals;
displaying visually said signals indicative of said selected message
signals in a predetermined 5      form; providing signals indicative of
said event signals; and displaying visually said signals indicative of said
event signals in a predetermined form. 6. The method of claim 5 further
comprising: 10        inputting by keyboard (38) a desired value of each of
said signals indicative of parameter limit values. PatentansprUche 15  1.
Vorrichtung zur Verwendung bei einer mindestens eine Kabine aufweisenden
Aufzuganlage, umfassend: far jede Aufzugkabine vorgesehene
Signalverarbeitungsmittel (14-21) zum Oberwachen der Zustande mehrerer zwei
Zustande aufweisender Parametersignale, die eine entsprechende Mehrzahl von
Aufzug- parametern angeben, wobei die Signalverarbeitungsmittel (14-21) die
Identitat eines Aufzug-Betriebszu- stands fOr eine Aufzugkabine festlegen,
die normalerweise sequentiell von Zustand zu Zustand in einer 



20     sequentiellen, eine geschlossene Schleife bildenden Kette von
miteinander verbundenen Normalbe- triebszustanden arbeitet, indem die
ErfUllung elnes Obergangskriteriums festgestellt wird, welches einen
Ubergang von einem unmittelbar vorausgehenden Betriebszustand oder in einen
unmittelbar nachfolgenden   Betriebszustand  definiert,  indem   der
Parametersignal-Zustand  oder  die Parametersignale-Zustande von einem oder
mehreren gelesenen Parametersignalen, die das erfUllte 25
Obergangskriterium definieren, allein oder in Kombination erfalt werden,
wobei.jedes Kriterium entwe- der einen Obergang in elnen
Normalbetriebszustand in der Kette oder in einen abnormalen Betriebszu-
stand anzeigt, und um ausgewahlte Nachrichtensignale bei Vorhandensein der
entsprechenden ausge- w~hlten ObergAnge zu schaffen; einen fur jede
Aufzugkabine vorgesehenen Ereignispuffer (14-21), der auf eine ausgew~hlte
Anzahl von 30     zuletzt aufgetretenen ausgewdhlten
Parametersignal-Zustandsanderungen anspricht, um Zustandsande- rungssignale
zu speichern, die kennzeichnend sind far die genannten letzten
Parametersignal-Zu- standsanderungen, wobei der Ereignispuffer auf die
ausgewihlten Nachrichtensignale anspricht, um den gespeicherten
Zustandsanderungssignalen entsprechende zugeh6rige Puffernachrichtensignale
bereitzustellen; 35     fUr jede Aufzugkabine vorgesehene
Kommunikationsmittel (14-21). die auf die von der Signalverarbei-
tungseinrichtung bereitgestellten ausgewAhlten Nachrichtensignale
ansprechen, um sie zu Obertragen, und die auf die von dem Ereignispuffer
bereitgestellten Puffemachrichtensignale ansprechen, um sie zu Ubertragen,
gekennzeichnet durch: 40     Oberwachungs-Kommunikationsmittel (25), die
auf jedes der Aufzugkabinen-Kommunikationsmittei (14- 21) ansprechen, um
die abertragenen ausgewihiten Nachrichtensignale zu decodieren und daffir
kennzeichnende decodierte Signale bereitzustellen und um die Ubertragenen
Puffernachrichtensignale zu decodieren und dafUr kennzeichnende decodierte
Signale bereitzustellen; Benutzer-Eingabemittel (38) zum Bereitstellen von
Signalen, die kennzeichnend sind fUr Parameter- 45     grenzwerte
entsprechend dem Parameterwert-Obergarngskriterium far die Parameter, die
von jedem einzelnen der Aufzugkabinen-Signalverarbeitungsmittel Uberwacht
werden; eine auf eine Oberwachungssignal-Verarbeitungseinrichtung (27,36)
ansprechende Anzeigeeinrichtung (29); eine
Oberwachungssignal-Verarbeitungseinrichtung (27, 36), die auf die
Oberwachungs-Kommunika- so     tionsmittel (25) ansprechen, um Signale fOr
die Anzeigeeinrichtung (29) bereitzustellen, die kennzeich- nend sind fOr
die decodierten ausgewdhlten Nachrichtensignale, damit diese in einer
vorbestimmten Form angezeigt werden, und um Signale an die
Anzeigeeinrichtung (29) zu liefern, die kennzeichnend sind flr die
decodierten Puffemachrichtensignale, um sie in einer vorbestimmten Form
anzuzeigen, wobei die Oberwachungssignal-Verarbeitungseinrichtung (27, 36)
auf die Benutzer-Eingabeeinrichtung 55     (38) anspricht, um fur die
Anzeigeeinrichtung (29) Signale bereitzustellen, welche die Paramter-
Grenzwertsignale kennzeichnen, damit diese in einer vorbestimmten Form
angezeigt werden, und um die fUr die Parameter-Grenzwertsignale
kennzeichnenden Signale der Oberwachungs-Kommunikations- einrichtung (25)
fUr die Obertragung bereitzustellen. 20  



2. Vorrichtung nach Anspruch 1, bei der die Benutzer-Eingabeeinrichtung
(38) Mittel aufweist zur Schaf- fung einer Tastatur-Eingabe der mehreren
Signale, die kennzeichnend sind fUr Parameter-Grenzwerte, entsprechend dem
Pararneterwert-Obergangskriterium far die Mehrzahl von Parametem, die durch
jedes der Aufzugkabinen-Signalverarbeitungsmittel (14-21) Uberwacht werden.
3. Vorrichtung nach Anspruch 1 oder 2. be! der die
Oberwachungssignal-Verarbeetungsmittel (14-21) eine auf die
Oberwachungs-Kommunikationseinrichtung (25) ansprechende Einrichtung
aufweisen, urn Signa- le zu speichern, die kennzeichnend sind fUr die
debodierten ausgewihiten Nachrichtensignale, und urn Signale zu speichem,
die kennzeichnend sind fOr die decodierten Puffernachrichtensignale. 10 4.
Vorrichtung nach Anspruch 1, 2 oder 3, bei der die
Oberwachungs-Kommunikationseinrichtung (2,5) eine auf die
Oberwachungssignal-Verarbeitungseinrichtung (14-21) ansprechende
Einrichtung aufweist, um einem Hartkopie-Druckgergt (32) fOr die
ausgewihiten Nachrichtensignale kennzeichende Signale fUr einen Ausdruck in
einer vorbestimmten Form anzubieten, und um dem Hartkopie-Druckgerit (32)
75    fOr den Ausdruck in vorbestimmter Form Signale anzubieten, die
kennzeichnend sind fUr die Puffer- nachrichtensignale. 5. Verfahren zum
Oberwachen der Diagnosesignalausgabe einer Aufzugsteuerung einer
Aufzuganlage, die normalerweise sequentiell von Zustand zu Zustand in elner
elne geschlossene Schlelfe bildenden 20     sequentiellen Kette von
miteinander verbundenen Normalbetriebszustanden arbeitet, wobei das System
die Identitat elnes Betriebszustands dadurch feststellt, daB es die
ErfUllung eines Kriteriums erfaBt, welches einen Obergang von einem
unmittelbar vorausgehenden Betriebszustand oder in einen unmittelbar
nachfolgenden Betriebszustand definiert, indem der
Systemparametersignalzustand oder die Systemparameterzustande von einem
oder mehreren, das erfUllte Obergangskriterium definierenden 25
Systemparametersignalen allein oder in Kombination erfaBt werden, wobei
jedes Kriterium entweder einen Obergang in einen Normalbetriebszustand
innerhalb der Kette oder in einen abnormalen Betriebs- zustand angibt, und
wobei das System ausgewdhIte Nachrichtensignale bei Vorhandensein der
entspre- chenden ausgewAhIten Obergange bereitstellt, umfassend:
Bereitstellen von Signalen, die kennzeichnend sind far Parametergrenzwerte
entsprechend einem 30     Parameterwert-Obergangskriterium fOr jedes von
dem einen oder den mehreren ausgewghiten Aufzug- parametersignalen, die von
der Steuerung Oberwacht werden; visuelles Anzeigen von fTr die
Parametergrenzwertsignale kennzeichenden Signalen in einer vorbe- stimmten
Form; Obermitteln der fUr die Parametergrenzwertsignale kennzeichnenden
Signale zu der Aufzugsteuerung; 35     Bereitstellen von Signalen, die
kennzeichnend sind fOr die ausgewAhiten Nachrichtensignale; visuelles
Anzeigen der fUr die ausgewdhlten Nachrichtensignale kennzeichnenden
Signale in einer vorbestimmten Form; Bereitstellen von Signalen, die
kennzeichnend sind fUr die Ereignissignale; und visuelles Darstellen von
fOr die Ereignissignale kennzeichnenden Signale in einer vorbestimmten
Form. 40 6. Verfahren nach Anspruch 5, weiterhin umfassend: 



Eingeben eines gewlnschten Wertes fUr jedes der fir Parametergrenzwerte
kennzeichnenden Signale Ober eine Tastatur (38). 46 Revendications 1.
Appareil destine a etre utilise avec un systeme d'ascenseurs ayant au moins
une cabine, qui comprend pour chaque cabine d'ascenseur, des moyens de
traitement de signaux (14 a 21) destines A so     surveiller les 6tats
d'une pluralites de signaux parametres & deux etats, indicatifs d'une
pluralit6 correspondante de parametres de l'ascenseur, lesdits moyens de
traitement des signaux (14 a 21) determminant l'identite d'un etat de
fonctionnement de l'ascenseur pour une cabine d'ascenseur qui, normalement,
opbre sequentiellement d'etat en 6tat en une cha~ne s6quentielle. d'etats
de fonctionne- ment normaux lies les uns aux autres, en boucle ferm6e, en
detectant la satisfaction d'un critere de ss     transition qui definit une
transition partant d'un etat de fonctionnement immediatement prec~dent ou
aboutissant a un etat de fonctionnement immediatement suivant par la
detection d'un ou plusieurs signaux de parametres ddtectds seuls ou en
combinaison qui definissent le critere de transition satisfait, chaque
critere indiquant, une transition qui aboutit soit A un etat de
fonctionnement normal .21    ba ,~ ~ ~~~~~~~~8 B,                  .
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c   L  M   S inclus dans la chaIne, soit a un etat de fonctionnement
anormal, et fournissant des signaux messages s6lectionn6s en presence de
transitions s~lectionn~es correspondantes; pour chaque cabine d'ascenseur,
un tampon d'Xvbnements (14 a 21) qui repond a un nombre s6lectionn6 de
changements d'etats de signaux de parametres selectionn6s qui sont les
derniers a se 5      produire, pour m6moriser des signaux de changements
d'etats indicatifs desdits demiers changements d'etats de signaux de
parametres, ledit tampon d'Xvbnements r6pondant auxdits signaux de messages
selectionnes en fournissant des signaux de changement d'etat m6moris6s,
pour chaque cabine d'ascenseur, des moyens de communication (14 a 21) qui
repondent auxdits signaux de messages selectionn6s fournis par lesdits
moyens de traitement de signaux, pour les 10    transmettre, et qui
repondent & des signaux de messages de tampon fournis par ledit tampon
d'evenements, pour leur transmission; caracterise par: des moyens de
communication de moniteur (25), qui repondent a chacun desdits moyens de
communication (14 a 21) de la cabine d'ascenseur, en decodant lesdits
signaux de messages 15     sIelctionnes transmis, en fournissant des
signaux decodes indicatifs de ces signaux de messages, en decodant lesdits
signaux de messages de tampon transmis et en fournissant des signaux
d6cod6s indicatifs de ces demiers; des moyens d'entree d'utilisateur (38)
servant & fournir des signaux indicatifs de valeurs limites de parametres
qui correspondent a des criteres de transition de valeurs de parambtres
pour ladite pluralite 20     de parametres surveill6s par chacun desdits
moyens de traitement de signaux de cabines d'ascenseurs des moyens
d'affichage (29) qui repondent & des moyens de traitement de signaux de
moniteur 



(27, 36); des moyens de traitement de signaux de moniteur (27, 36) qui
repondent auxdits moyens de 25     communication de moniteur (25) en
fournissant des signaux indicatifs desdits signaux de messages selectionnes
decod6s auxdits moyens d'affichage (29) pour les afficher dans une forme
pred~termin6e, et en fournissant des signaux indicatifs desdits signaux
messages de tampon d6cod6s auxdits moyens d'affichage (29) pour les
afficher dans une forme pred~termin~e, lesdits moyens de traitement de
signaux de moniteur (27, 36) repondant auxdits moyens d'entr6e
d'utilisateur (38) en fournissant des 30     signaux indicatifs desdits
signaux de valeurs limites des parametres auxdits moyens d'affichage (29)
pour les afficher dans une forme pr6d6terminee, et pour fournir lesdits
signaux indicatifs desdits signaux de valeurs limites des parametres
auxdits moyens de communication de moniteur (25) pour leur transmission. 35
2. Appareil solon la revendication 1, dans lequel lesdits moyens d'entree
d'utilisateur (38) comprennent des moyens formant entree de clavier pour
ladite pluralite de signaux indicatifs de valeurs limites de parametres qui
correspondent a un critere de transition de valeur de parametre pour ladite
pluralite de parametres surveill6s par chacun des moyens de traitement de
signaux (14 & 21) des cabines d'ascenseurs. 40 3. Appareil solon la
revendication 1 ou 2, caracterise en ce quo lesdits moyens de traitement
des signaux de moniteur (14 a 21) comprennent des moyens qui r6pondent
auxdits moyens de communication de moniteur (25) en memorisant des signaux
indicatifs desdits signaux de messages s6lectionn6s decodes et en
m6morisant des signaux indicatifs desdits signaux de messages de tampon
ddcodes. 45 4. Dispositif solon la revendication 1, 2 ou 3, dans lequel
lesdits moyens de communication de moniteur (25) comprennent des moyens qui
repondent auxdits moyens de traitement de signaux de moniteur (14 A 21) en
foumissant des signaux indicatifs desdits signaux de messages selectionnds
A un dispositif d'impression sur copie materielle (32) pour ex6cuter
l'impression dans une forma predeterminee, et en so     fournissant des
signaux indicatifs desdits signaux de messages de tampon au dispositif
d'impression sur copie materielle (32) pour executer l'impression dans une
forme pr6d6terminee. 5. Procede de surveillance de la sortie de signal de
diagnostic d'un contr8leur d'ascenseurs d'un systeme d'ascenseurs qui,
nommalement, opere s6quentiellement d'6tat a dtat en une chaine
s6quentielle en 5s     boucle ferm6e d'6tats de fonctionnement normaux li6s
les uns aux autres, lequel systbme d6termine l'identitM d'un systeme de
fonctionnement en ddtectant la satisfaction d'un critere definissant une
transition partant d'un etat de fonctionnement immediatement precedent ou
aboutissant & un etat de fonctionnement imm6diatement suivant par la
d6tection d'un ou plusieurs signaux de parametres de 22    EP 0 367 388 B1
systbme d6tecte, seul ou en combinaison, qui d6finissent le critere de
transition satisfait, chaque critere indiquant, soit une transition
aboutissant a un 6tat de fonctionnement normal inclus dans la chatne, soit 



une transition aboutissant A un etat de fonctionnement anormal, lequel
systeme foumit des signaux de messages s6lectionnes en pr6sence de
transitions s6lectionnees correspondantes, 5         ledit procede
consistant a: foumir des signaux indicatifs de valeurs limites de
parametres qui correspondent a un critere de transition de valeur de
parametre pour chacun des signaux de parametres selectionnes de I'ascenseur
surveill6s par le controleur; afficher visuellement des signaux indicatifs
desdits signaux de valeurs limites de parambtres dans 10     une forme
pr6ddterminde; communiquer lesdits signaux indicatifs desdits signaux de
valeurs limites de parambtres au contr~leur de l'ascenseur; foumir des
signaux indicatifs desdits signaux de messages selectionnes; afficher
visuellement lesdits signaux indicatifs desdits signaux de messages
selectionnes dans une 15     forme predeterminee; fournir des signaux
indicatifs desdits signaux d'venements ; et afficher visuellement lesdits
signaux indicatifs desdits signaux d'6venements dans une forme
pred6terminee. 20  6  Proc6d6 selon ia revendication 5, consistent en outre
a: entrer au moyen du clavier (38) une valeur desiree de chacun desdits
signaux indicatifs des valeurs limites des parambtres. 25 30 35 40 45 50 55
23    


