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ZONE CONTROLLER

map of a parking facility with visual indicators as to where in

the parking facility unoccupied parking spaces may be found.
The controller may provide a user-friendly interface for

CROSS-REFERENCE TO RELATED

accessing, viewing and/or setting/calibrating system data.

APPLICATION(S)

The controller may also accommodate a variety of commu

nication technologies to facilitate communications with the
occupancy sensors and/or personal computer, and/or elec

This application claims the bene?t of US. Provisional

Application No. 61/738,767, ?led Dec. 18, 2012, entitled
Zone Controller. The disclosure of the prior application is
incorporated herein by reference in its entirety.

tronic sign.
The systems and techniques disclosed herein may make it
very easy for a human operator to set up, calibrate and

BACKGROUND

troubleshoot certain aspects of system operations.
The systems and techniques disclosed herein facilitate the

The present disclosure relates to a zone controller and,
more particularly, to a zone controller for a system adapted to

transfer of information between system components in a
highly-e?icient manner.

Other features and advantages will be apparent from the
description and drawings, and from the claims.

monitor the occupancy status of a plurality of parking spaces
in a parking facility. The system utilized ultrasonic occupancy
sensors. In general, ultrasonic sensors are able to evaluate

BRIEF DESCRIPTION OF THE DRAWINGS

attributes of a target by interpreting the echoes from ultra
sonic waves respectively.

20

SUMMARY OF THE INVENTION

FIG. 1 is a schematic block diagram showing one imple
mentation of a system for monitoring the occupancy status of

a plurality of parking spaces in a parking facility.
FIG. 2 is a perspective view showing an exemplary imple

In one aspect, a method includes transmitting a measure
mentation of one of the occupancy sensors from FIG. 1.
ment command from a controller to an occupancy sensor with 25
FIG. 3 is a plan view showing a portion of an exemplary
an address that corresponds to an occupancy sensor identi?er.
parking facility 300 for automobiles.
The measurement command causes the occupancy sensor to
FIG. 4 is a block diagram illustrating one example of the

transmit an ultrasonic signal into a parking space, receive
echo signals re?ected back to the occupancy sensor, and
determine, based on the echo signals, whether the associated

zone controller in the system of FIG. 1.
FIG. 5 is a ?owchart showing an exemplary process by
30 which a zone controller can calibrate a group of occupancy

parking space is occupied or empty. The method includes
subsequently sending a status check to the occupancy sensor

sensors that are connected to one of its sensor communication

buses.
FIG. 6 is a ?owchart showing an exemplary process by

and receiving a response that includes the occupancy sensor’ s
determination as to whether the associated parking space is

which a zone controller directs normal operations of the occu

occupied or empty. The method also includes calibrating the

35 pancy sensors connected to one of its sensor communication

occupancy sensors from the controller.
In another aspect, a method includes transmitting a mea
surement for calibration purposes command to an occupancy

buses.
FIG. 7 is an exemplary, schematic circuit layout for one of
the zone controllers in the system of FIG. 1.

sensor at an address in an occupancy sensor identi?er. The

measurement for calibration purposes command is adapted to

40

DETAILED DESCRIPTION

45

FIG. 1 is a schematic block diagram showing one imple
mentation of a system 100 for monitoring the occupancy
status of a plurality of parking spaces in a parking facility.
The illustrated system 100 includes a personal computer

cause the occupancy sensor to transmit an ultrasonic signal

into an associated one of the plurality of monitored parking

spaces in the parking facility, receive a plurality of resulting
echo signals re?ected back to the occupancy sensor from
surfaces in or around the associated parking space, and deter

mine, based on the plurality of resulting echo signals

102, two computer-based controllers (i.e., “zone controllers

received, a calibration measurement value that corresponds to

104”) and a plurality of occupancy sensors 106 positioned at

the associated parking space having a particular status. The

various locations throughout the parking facility. In a typical

method includes starting a timer to count off a predetermined
amount of time. If the controller receives a response within
the predetermined amount of time, it stores the response in a

50

able to transmit an electromagnetic signal (e.g., an ultrasonic

signal) into the corresponding parking space for occupancy
sensing purposes.

computer-based memory. Otherwise, if the computer-based
controller does not receive a response within the predeter
mined amount of time, it sets an indication in the computer
based memory that a calibration error has occurred for the

The personal computer 102 serves as a user interface to the
55

system 100. In a typical implementation, the personal com
puter 102 provides a user, such as a system administrator with
access to various data and functionality associated with the

occupancy sensor.

Systems and apparatuses are disclosed to implement and
facilitate these and other functionalities.
In some implementations, one or more of the following

advantages are present.
For example, a controller is provided that controls and
coordinates the operations and calibration of occupancy sen
sors, such as TCS’s Single Space Sensors, available from
TCS International of Sudbury, Mass. In addition, system data

60

can be provided, for example, on an as needed basis to other

65

system components, such as personal computers and/ or elec
tronic traf?c signs, which may include, for example a visual

implementation, each occupancy sensor 106 is installed near
a corresponding one of the parking spaces so that it will be

system 100. Even more particularly, in some implementa
tions, the personal computer 102 is con?gured to run TCS
Visual Control Center software, available from TCS Intema
tional, Inc. of Sudbury, Mass.
Each zone controller 104 is coupled to the personal com
puter 102 by a PC communications bus 108 and each zone
controller 104 has multiple, separate sensor communication
buses 110, each of which is coupled to a plurality of occu
pancy sensors 106. In a typical implementation, there are
three separate sensor communication buses 110 coupled to

US 8,830,088 B2
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In a typical implementation, at least part of the housing 202

each zone controller 104 and there are up to thirty-two occu
pancy sensors 106 coupled to each sensor communication bus

of the occupancy sensors 106 is transparent or semitranspar

110.
In a typical implementation, each zone controller 104 may
be logically associated with a corresponding one of a plurality

ent to allow differently colored lights inside the housing 202
to be seen, when illuminated, from outside the housing 202.

of physical areas (i.e., zones) in the parking facility. So, for

Preferably, each of the different colored lights in an occu
pancy sensor 106 is suf?ciently bright that it can be seen by a

example, each zone controller 104 may be logically associ
ated with one ?oor in a multi-?oor parking facility. In that
example, all of the occupancy sensors coupled to a particular

di?iculty. For example, in a typical implementation, each of

driver driving through the parking facility without undue
the different colored lights can be seen from the end of a lane

zone controller may be located so as to monitor the occupancy

of parking spaces in the parking facility so that the driver can
readily assess, from a distance, if any parking spaces in that
lane may be available (e.g., unoccupied and not otherwise

status of parking spaces on the associated ?oor of the parking

facility.
In another example, there may be multiple zone controllers
104 associated with a single ?oor. In that example, each of the
zone controllers 104 associated with the single ?oor may be
associated with a particular section (i.e., a zone) of the single
?oor. For example, there may be four zone controllers 104
associated with the single ?oor, with one of the zone control

reserved).
In the illustrated implementation, the conduit system sup
ports and carries signal and power wiring to and from the
occupancy sensor 106. There are a variety of other ways that
the occupancy sensors 106 can be supported and that power
and signal wiring can be routed to the occupancy sensors 106.

lers 104 associated with a northeast section of the ?oor, a
second one of the zone controllers 104 associated with a
northwest section of the ?oor, a third one of the zone control
lers 104 associated with a southwest section of the ?oor and a
fourth one of the zone controllers 104 associated with a south

20

FIG. 3 is a plan view showing a portion of an exemplary

parking facility 300 for automobiles.
The illustrated portion of the parking facility 100 has eight
parking spaces 302a-302h and a bi-directional tra?ic lane 304
that provides access to the parking spaces 302a-302h. Four of

east section of the ?oor. In that example, the occupancy

sensors coupled to each zone controller may be located so as 25 the parking spaces 302a-302d are on one side of the bi

to monitor the occupancy status of parking spaces in the

directional traf?c lane 304 and four of the parking spaces

associated section of the ?oor (e. g., northeast, northwest,
southwest and southeast).

302e-302h are on an opposite side of the bi-directional traf?c

lane 304.

A variety of other zone controller and occupancy sensor

arrangements are possible.
Each zone controllers 104 is generally operable to facilitate

30

system 100 operations including, for example, operation of
the occupancy sensors, communication with the personal
computer 102, system setup including occupancy sensor cali
bration, and manage software and ?rmware updates.
FIG. 2 is a perspective view showing an exemplary imple

parked automobiles (305a, 305b, 3050, 305e, 305fand 305k)
35

mentation of one of the occupancy sensors 106 from FIG. 1.
The illustrated occupancy sensor 106 is coupled to a con

An occupancy sensor 106a-106h is provided next to each
40

of the parking spaces 302a-302h, respectively. Each occu

45

pancy sensor 106a-106h is adapted to monitor the occupancy
status (e. g., whether an automobile is parked there or not) of
a corresponding one of the parking spaces. For example,
occupancy sensor 10611 is adapted to monitor the occupancy
status of parking space 30211. Likewise, occupancy sensor

transmit and receive ultrasonic signals external to the housing
202. As illustrated, the pair of ultrasonic transceivers is opti

cally exposed through apertures formed in the housing 202.
The ultrasonic transceivers 204 are generally arranged and
operable such that, upon prompting, they can transmit an

106!) is adapted to monitor the occupancy status of parking
space 30219.
In general, each occupancy sensor 106a-108h is adapted to

ultrasonic signal into an associated one of the parking spaces

in the parking facility and, subsequently receive a plurality of
ultrasonic echo signals re?ected off of the various surfaces in
and around the associated parking space. These surfaces may
include, for example, the ?oor of the parking space, surfaces

are parked in a head-in con?guration, side-by-side and sub
stantially perpendicular to the directions of travel in the bi
directional traf?c lane 304.Another automobile 305i is within
the bi-directional tra?ic lane 304 and driving left-to-right in

the illustrated example.

duit system, which is only partially shown in FIG. 2.
The occupancy sensor 106 has a housing 202 and a pair of
ultrasonic transceivers 204 that are arranged so that they can

In the illustrated example, six of the parking spaces (i.e.,
302a, 302b, 3020, 302e, 302fand 302k) are occupied by an
automobile (305a, 305b, 3050, 305e, 305fand 305k) and two
of the parking spaces (i.e., 302d and 302g) are empty. The

provide an indication as to the occupancy status of its corre
50

sponding parking space 302a-302h. The indication can be
any kind of indication that is detectable by a human.

of an automobile parked in or near the parking space and

Examples include visual indications, audible indications and

walls or other parking facility structures near the parking
space.
Each occupancy sensor 106 is also generally operable to
emit a light that has a different characteristic (e. g., a different

combined visual and audible indications. In the illustrated
implementation, each occupancy sensor 106a-106h is
adapted to provide an indication as to the occupancy status of

55

its corresponding parking space 302a-302h by illuminating

color) depending on whether the parking space associated

either a green light to indicate that its monitored parking
space is empty or a red light to indicate that its monitored

with that occupancy sensor is empty, occupied or otherwise
specially designated (e.g., as a reserved parking space for a

certain class of drivers, such as drivers with disabilities, dip
lomats, etc.). According to one such scheme, each occupancy
sensor 106 is generally operable to emit a green light to
indicate that the associated parking space is empty, a red light
to indicate that the associated parking space is occupied and
a blue light to indicate that the associated parking space is
reserved for a certain class of drivers.
Other lighting color schemes are possible as well.

parking space is occupied. More particularly, in the illustrated
60

example, occupancy sensors 106d and 106g are illuminated

with a green light to indicate that the corresponding parking
spaces are empty and all of the other occupancy sensors are

illuminated with a red light to indicate that their correspond

ing parking spaces are occupied.
65

In a typical implementation, each occupancy sensor 106a

106h is positioned above the traf?c ?ow in the parking facility
300. For example, in some implementations, the occupancy

US 8,830,088 B2
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sensors 106a-106h may be suspended from a conduit system

variety of directions after contacting an object, such as an

that is hung off the parking facility’s ceiling.

automobile or the ?oor of the parking facility, with relatively

In general, each occupancy sensor 106a-106h is positioned

few echo signals returning to the occupancy sensor, even

so that it can provide an indication (e. g., a visual indication)
of occupancy status that is detectable to an automobile driver

when the corresponding parking space is occupied.

at just about any point along the bi-directional traf?c lane 3 04,

be connected to one or multiple different zone controllers.

even points that are displaced some distance from the particu

FIG. 4 is a block diagram illustrating an example of one of
the zone controllers 104 in the system 100 of FIG. 1.
According to the illustrated implementation, the zone con

The various occupancy sensors in a particular facility may

lar monitored parking space in question. More particularly, in
the illustrated implementation, each occupancy sensor 106a
106h is positioned near an outer edge of its corresponding
monitored parking space. For example, occupancy sensor
10611 is positioned near an outer edge of parking space 30211.
Similarly, occupancy sensor 106g is positioned near an outer

troller 104 includes a processor 402, memory 404 and one or

more input and/or output (I/O) devices 406 (or peripherals)
that are communicatively coupled via a local interface 410.
The local interface 410 can be, for example, one or more
buses or other wired or wireless connections. The local inter

edge of parking space 302g. Therefore, the illumination emit
ted from these occupancy sensors is easy to see from virtually

face 410 may have additional elements as well including, for

anywhere along the length of the bi-directional tra?ic lane

example, controllers, buffers (caches), drivers, repeaters,

304.

receivers, counters, timers, and the like to enable or facilitate
communications between the various components inside and
external to the zone controller 104. Further, the local interface
410 may include address, control, and/or data connections to
enable appropriate communications among the aforemen

Thus, in the illustrated example, the driver in automobile
305i is able to see quite easily the red or green light being
emitted from each of the occupancy sensors 106a-106h along
the sides of the bi-directional traf?c lane 304. More particu
larly, the driver is able to see quite easily that occupancy

20

tioned components.
The processor 402 is a hardware device for executing soft
ware, for example, software that may be stored in the memory

sensors 106d and 106g are green and the rest of the occupancy
sensors are red. Therefore, the driver can conclude, therefore,

that the parking spaces 302d and 302g corresponding to the

25

It is easy, therefore, for the driver to navigate quickly and
safely to one of those empty parking spaces 302d and 302g to

unit (CPU), an auxiliary processor, a semiconductor based

microprocessor (in the form of a microchip or chip set), a
macroprocessor, or generally any device for executing soft

park.
In a typical implementation, the occupancy sensors 106a
106h monitor the occupancy status of the parking spaces

404. The processor 402 can be any general purpose or custom

made, commercially available processor, a central processing

green lights on the occupancy sensors 106d, 106g are empty.

30

ware instructions and/or processing data.
The memory 404 can include any one or combination of

using ultrasonic technology. More particularly, each occu

volatile memory elements (e.g., random access memory

pancy sensor 106a-106h is operable such that it transmits, in
response to a prompt from its corresponding zone controller,
an ultrasonic signal (represented schematically in FIG. 1 as

(RAM, such as DRAM, SRAM, SDRAM, etc.)) and nonvola
tile memory elements (e. g., ROM, hard drive, tape, CDROM,
etc.). Moreover, the memory 404 can incorporate electronic,
magnetic, optical or other types of storage media. The

35

cone) toward its monitored parking space 302a-302h. In gen
eral, the occupancy sensor 106a-106h evaluates attributes of

its monitored parking space (e.g., whether the parking space
is empty or occupied) by interpreting echo signals it receives
from the transmitted ultrasonic signals. In addition, in a typi

memory 404 can have a distributed architecture, where vari
ous components of the memory are situated remotely from
one another, but can all be accessed by the processor 402.

cal implementation, each zone controller can be calibrated in
response to prompts and/or related data it receives from its

The memory 404 in the illustrated implementation is stor
ing software 412 and an operating system 414. In a typical
implementation, the memory 404 also stores other data and

zone controller.

information to support and facilitate one or more of the zone

40

controller functionalities disclosed herein.

Since the occupancy sensors 106a-106h in the illustrated

implementation are positioned near the outer edges of their

45

corresponding monitored parking spaces 302a-302h, each

The software 412 can include one or more separate pro

grams, each of which contains an ordered listing of execut

occupancy sensors 106a-#08h is operable to transmit its

able instructions for implementing logical functions of the

ultrasonic signals at an angle that is offset from perpendicular

zone controller 104, as described herein. In a typical imple

relative to the ?oor directly below the occupancy sensor
106a-106h. That is, each occupancy sensor 106a-106h trans
mits its ultrasonic signal from above the traf?c ?ow and near
an outer edge of the monitored parking space 302a-302h

mentation, the operating system 414 controls the execution of
50

and communication control and related services.
The zone controller 104 functionality can be implemented

toward a position in the parking space that would be occupied
by an automobile parked there.
The angle at which a particular occupancy sensor will

based on a source program, executable program (object
55

transmit its ultrasonic signal may depend somewhat on the

scanner, microphone, or other input device. The I/O devices
406 can include one or more output devices such as a display
60

typical implementation, the emitting angle is between 10
degrees and 50 degrees from perpendicular (e.g., between 20

degrees from perpendicular).
Since the occupancy sensors 106a-106h transmit the ultra

screen, a touch screen, speaker, or other output device. The
I/O devices 406 can include devices that facilitate communi

cation over both input and output ports including, for
example, a modulator/demodulator (modem; for accessing
another device, system, or network), a radio frequency (RF)

degrees and 40 degrees from perpendicular or about 30
sonic signals at an angle, rather than straight down for
example, the transmitted ultrasonic signals tend to scatter in a

code), script, or any other set of instructions to be performed.
The I/O devices 406 can include one or more input devices
such as a touch screen, buttons, a keyboard/keypad, mouse,

geometry of the installation (e.g., the height of occupancy
sensor above the ?oor, the size of the parking spot being
monitored, how near or far from the outer edge of the parking
space the occupancy sensor is located, etc.). However, in a

computer programs and provides scheduling, input-output
control, ?le and data management, memory management,

65

module, a wireless module, a transceiver, a telephonic inter
face, a bridge, a router, or other devices that function both as
an input device and/or an output device.

US 8,830,088 B2
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When the zone controller 104 is in operation, the processor
402 is con?gured to execute the software 412 stored in the
memory 404, to communicate data to and from the memory
404, and to generally control operations of the zone controller
104 pursuant to the instructions stored in the memory 404.
Instructions contained in the software 412 and/ or the O/ S 414

more of the occupancy sensors are not emitting a blinking red

light, then the human operator can conclude that there is some

problem with the system 100 that needs correcting.
There are a variety of potential problems that could be
causing one or more of the occupancy sensors 106 to not be

emitting a blinking red light after the broadcast command is
transmitted. For example, the problem could be that the zone
controller 104 did not properly transmit the broadcast com

are generally read by and executed by the processor 402.
The zone controller 104 also has communication ports 416.

In general, the communication ports 416 facilitate communi

mand, or that the broadcast command did not reach one or
more of the occupancy sensors, or that a problem exists with

cations between the zone controller 104 and the occupancy
sensors and between the zone controller 104 and the PC. The

the non-blinking occupancy sensors. If the human operator

communication ports 416 may be capable of communicating
using different communication protocols at each port. For
example, in some implementations, the communication pro

the occupancy sensors is not emitting a blinking red light), he
or she can take steps to rectify whatever the problem may be

tocol used to communicate with the occupancy sensors may
be different than the communication protocol used to com

calibrated.

municate with the PC.
FIG. 5 is a ?owchart showing an exemplary process by

general, the counter keeps track of how many calibration

which a zone controller 104 can calibrate a group of occu
pancy sensors that are connected to one of its sensor commu

concludes that some problem exists (because one or more of

so that subsequently, all occupancy sensors will be able to be
At 510, the zone controller 104 sets a counter to zero (0). In

20

measurements have been taken at a particular one of the
occupancy sensors 106. In general, the zone controller 104 is

con?gured to trigger a certain predetermined number of cali

nication buses.
In a typical implementation, the occupancy sensors 106 are

bration measurements for each one of the occupancy sensors

calibrated when their corresponding parking spaces are
empty. As discussed below in detail, the calibration process
generally involves establishing a baseline echo measurement
value that represents an empty parking space and that can be
used subsequently to determine whether the corresponding
parking space is empty or occupied.
The illustrated process begins at 500. At 502, the zone

106. According to the illustrated implementation, thirteen

controller 104 checks whether the sensor communication bus
110 for the sensors that are to be calibrated is free (i.e.,

available or not already being used in connection with some
other system functionality). The zone controller does not
proceed to the next step in the illustrated method unless (or
until) the sensor communication bus 110 in question is free.
At 504, the zone controller 104 sets an indication that, for
the time being, the sensor communication bus 110 will no

25

ever occupancy sensor 106 corresponds to the address cur
30

35

longer be free. This indicates to other system components that
the sensor communication bus 110 in question is being used;
more particularly, it is being used for sensor calibration pur
poses. In general, the sensor communication bus 110 in ques
tion remains in use (i.e., not free) until the zone controller 104
completes the illustrated calibration process and frees up the
sensor communication bus 110 (at 538) for use in connection
with other system resources and functionalities.

40

rently stored in the sensor identi?er. The command is to
perform an echo measurement for calibration purposes.
In a typical implementation, when an occupancy sensor
106 receives such a command, it transmits an ultrasonic sig

nal into the corresponding parking space, and receives a plu
rality of echo signals re?ected back to the occupancy sensor
106 from a plurality of surfaces in or around the parking
space. To produce a calibration measurement value, the occu
pancy sensor 106, in some implementations, integrates the
echo signals it receives over some predetermined period of
time in response to a single ultrasonic signal transmission.
The result of the integration can be considered a calibration
measurement value.
At 514, the zone controller 104 starts a timer to run for a

45

At 506, the zone controller 104 sets a sensor identi?er to an
address associated with a ?rst one of the occupancy sensors

106 to be calibrated.
At 508, the zone controller 104 transmits a broadcast com
mand onto the sensor communication bus 110 in question to

(l3) calibration measurements are taken for each one of the
occupancy sensors 106. Therefore, the value in the counter is
advanced one unit after each calibration measurement is
taken until the counter value reaches a value of twelve (12).
At 512, the zone controller 104 sends a command to which

certain predetermined amount of time. In the illustrated
example, that certain predetermined amount of time is 120
milliseconds. This is intended to be an amount of time by
which the occupancy sensor 106, if it is going to respond,

should have responded.
50

If the timer expires (at 520) and the occupancy sensor 106
has not yet responded, then the zone controller 104 (at 524)

cause all of the occupancy sensors 106 on that sensor com

sets an error message for that occupancy sensor 106. The error

munication bus 106 to react to the transmission. In a typical
implementation, the reaction is a physical one that conveys to
a human operator that the transmission has been received. In
some implementations, the occupancy sensors 106 react to

message provides an indication to a human operator or to

other system components (e.g., the PC 102) that the occu
55

the broadcast command by emitting a blinking light (e.g., a

fore, the occupancy sensor 106 in question has not yet been
calibrated.

red blinking light).
At this point, a human operator can con?rm, by visually
inspecting all of the occupancy sensors 106 on the sensor

communication bus 110 in question, that the zone controller
104 successfully communicated the broadcast command to
all of the occupancy sensors 106. If, for example, all of the

60

If the sensor (at 516) does respond before the timer expires
(at 520), the zone controller 104 (at 518) stores the response
in a memory storage device (e.g., memory 304). The stored
response typically includes the calibration measurement
value as determined by the occupancy sensor 106 in question
and can include additional data related to the calibration

occupancy sensors 106 on the sensor communication bus 110

in question are emitting a blinking red light, then the human
operator can conclude that the broadcast transmission was

pancy sensor 106 in question did not respond to the measure
ment command from the zone controller 104 and that, there

measurement value, as well.
65

The zone controller 104 then considers (at 526) whether

successful and that all of the corresponding occupancy sen

the occupancy sensor 106 in question has conducted a suf?

sors 106 reacted appropriately. If, on the other hand, one or

cient number of calibration measurements (i.e., whether the
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predetermined number of calibration measurements have
been taken) to accurately set a calibration baseline for that
occupancy sensor 106. According to the illustrated imple
mentation, thirteen (l3) calibration measurements should be
taken for each occupancy sensor 106. Therefore, at 526, the

the calibration measurement values used to calculate the
baseline echo measurement value. For example, the zone
controller 104 may assign a grade to the baseline echo mea

zone controller 104 considers whether the value in the
counter, which generally advances from an initial value of
zero (0) one unit after each calibration measurement is taken,

surement value.
of the calibration measurement values were the same as the

has reached twelve (12).

baseline echo measurement value, then the zone controller

If the zone controller 104 determines (at 526) that the value
in the counter has not yet reached twelve (12), then it
advances the value in the counter (at 528) by one unit (e.g.,

104 might assign a grade of “F” as the quality indicator,
indicating low quality; if between 50% and 70% of the cali

surement value based on how many of the calibration mea
surement values were the same as the baseline echo to mea

So, according to one such grading scheme, if less than 50%

bration measurement values were the same as the baseline

echo measurement value, then the zone controller 104 might
assign a grade of “R” as the quality indicator, indicating a

from zero (0) to one (1)) and returns to step 512 in the
illustrated process and sends another command to occupancy
sensor 106 in question to perform an echo measurement for
calibration purposes.

If the zone controller 104 determines (at 526) that the value
in the counter has reached twelve (12), then the zone control
ler 104 calculates (at 530) a baseline echo measurement vale
and an optional a quality indicator.
In general, the baseline echo measurement value is an echo
measurement value that corresponds to the parking space for
a particular occupancy sensor 106 being empty and that can

slightly higher quality; if between 70% and 90% of the cali
bration measurement values were the same as the baseline

echo measurement value, then the zone controller 104 might
assign a grade of “Y” as the quality indicator, indicating an
even higher quality; and if between 90% and 100% of the
20 calibration measurement values were the same as the baseline

echo measurement value, then the zone controller 104 might

assign a grade of “G” as the quality indicator, indicating the

highest possible quality.
In a typical implementation, if the quality indicator indi

be used subsequently by the particular occupancy sensor 106
for comparison purposes to determine whether the corre

25

sponding parking space is empty or occupied.
In general, the baseline echo measurement value is calcu
lated based on one or more of the plurality of calibration
measurement values that the zone controller 104 receives

from the particular occupancy sensor 106. In the illustrated
example, the baseline echo measurement value would be
calculated based on thirteen (l3) calibration measurement
values.
The baseline echo measurement value can be calculated

30

using any one of a variety of different techniques. According

35

bration has been unsuccessful.
At 532, the zone controller 104 transmits the calculated

baseline echo measurement value and optionally the quality
this information with a command for the corresponding occu
pancy sensor 106 to set the transmitted baseline echo mea
surement value as a baseline value to use in connection with
40

subsequent occupancy determinations. In a typical imple
mentation, the occupancy sensor 106, when it receives this

information (and command) from its zone controller 104,

45

stores the transmitted information for future use.
The zone controller 104, at 534, then sends a command to
the corresponding occupancy sensor 106 to switch to its

50

LEDs to automatic mode. In automatic mode, the LEDs in the
occupancy sensor 106 illuminate according to the latest
sensed occupancy status of its parking space.
After setting the occupancy sensor 106 to automatic mode
(at 534) or after setting an error message for the occupancy

calibration measurement values in order to qualify to be con

value. In situations where there is no one value that appeared
more than the minimum number of times to qualify, then the

indicator to the corresponding occupancy sensor 106. In a

typical implementation the zone controller 104 accompanies

implementing this technique, there may be a minimum num
ber of times that the value needs to have appeared among the

sidered the baseline echo measurement value. For example,
the value may need to have appeared in at least six (6) of the
thirteen (l 3) calibration measurement values in order for it to
qualify to be considered the baseline echo measurement

to calculate a new baseline echo measurement value and
corresponding quality indicator or set an error message for

that occupancy sensor 106 indicating that an attempted cali

to one such technique, the zone controller 104 simply identi
?es which value appeared the most among the calibration
measurement values received from the particular occupancy
sensor 106. That value is treated as the baseline echo mea
surement value.
In some implementations, if the zone controller 104 is

cates a quality that falls below some threshold value (e.g.,
having a grade of “F” or “R”), then the zone controller 104
may either prompt the occupancy sensor 106 to produce a
second round of calibration measurement values and attempt

sensor 106 indicating that the occupancy sensor 106 has not

zone controller 104 may either prompt the occupancy sensor
106 to produce a second round of calibration measurement

yet been calibrated (at 524), the zone controller 104 considers

values or set an error message for that occupancy sensor 106

(at 536) whether there are any other sensors on the sensor

indicating that an attempted calibration has been unsuccess
ful.
Other techniques may be implemented by the zone con
troller 104 to calculate the baseline echo measurement value.
For example, the zone controller 104 may calculate the aver

communication bus 110 under consideration that still need to
be calibrated.
If the zone controller 104 determines (at 534) that there are

55

no more occupancy sensors 106 on the sensor communication

bus 110 that need to be calibrated, then the zone controller
104 (at 538) sets an indication that the sensor communication
bus 110 is free (i.e., free for use by in connection with other

age or mean value of the calibration measurement values it
receives from the occupancy sensor and use the average or 60
mean value as the baseline echo measurement value.
system resources or functionalities). The zone controller 104

In general, the quality indicator provides a measure of the
quality of the baseline echo measurement value. The quality

then stops the calibration process for that sensor communi

cation bus 110 (at 540).

indicator can be calculated using any one of a variety of

If, on the other hand, the zone controller 104 determines (at

different techniques. According to one such technique, the

65 534) that there are more occupancy sensors 106 on the sensor

zone controller 104 assigns a grade based on some metric

communication bus 110 that need to be calibrated, then the
zone controller 104 (at 542) advances the sensor identi?er to

associated with the baseline echo measurement value and/or
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an address associated with the next one of the occupancy
sensors 106 to be calibrated. The zone controller 104 then

occupancy measurement value, the occupancy sensor 106, in

returns to step 508 in the illustrated process.
In a typical implementation, each zone controller 1 04 in the
system calibrates all of its occupancy sensors 106 according
to the illustrated process. Once calibrated, the occupancy
sensors generally enter automatic mode, in which their LEDs
illuminate according to the latest sensed occupancy status of

over some predetermined period of time in response to a

some implementations, integrates the echo signals it receives
single ultrasonic signal transmission. The result of the inte
gration can be considered an occupancy measurement value.

When (or shortly after) the zone controller 104 transmits
the occupancy measurement command (at 612) to its occu
pancy sensors 106, the zone controller 104 sets an indication

each parking space, respectively.

(at 614) that an occupancy measurement commandifor the
time beingino longer needs to be sent. This is because an

FIG. 6 is a ?owchart showing an exemplary process by
which a zone controller 104 directs normal operations of the

occupancy measurement command just was sent.
At 616, the zone controller 104 sets an indication that the

occupancy sensors 106 connected to one of its sensor com

munication buses 110.
According to the illustrated process, the zone controller

sensor communication buses 110 connected to the zone con

troller 104 are once again free (i.e., free for use by other
system resources or in connection with other system func

104 (at 602) initializes all variables associated with the pro
cess and starts the process (at 604).

tionalities).

At 606, the zone controller 104 checks whether the sensor

The zone controller 104 then returns to step 606 in the

communication bus 110 in question is free. If not, then the

illustrated process. If (at 606), the zone controller 104 deter

zone controller 104 waits before proceeding until the sensor

communication bus 110 in question is free.
Once the sensor communication bus 11 0 in question is free,

mines that the sensor communication buses 110 are free (i.e.,
20 no other system resources or system functionalities are occu

pying the zone controller’s sensor communication buses

the zone controller 104 (at 608) sets an indication that the

110), then the zone controller again (at 608) sets an indication

sensor communication buses 110 connected to the zone con

that the sensor communication buses 110 connected to the

troller 104 will no longer be free. This indicates to other
system components that the sensor communication buses 110

25 to see if a new occupancy measurement command is to be sent

in question are being used; more particularly, they are being

to the occupancy sensors 106 that are connected to its sensor

used for in connection with normal operation of the occu

communication buses 110. In this example, since the zone
controller 104 (at 614) set an indication that an occupancy

zone controller 104 are no longer be free and checks (at 610)

pancy sensors. In general, the sensor communication buses

110 in question remains in use (i.e., not free) until the zone
controller 104 completes the illustrated process and frees up

measurement commandifor the time beingino longer
30

the sensor communication buses 110 (at 616) for use in con

nection with other system resources and functionalities.

needs to be sent, the zone controller 104 proceeds to step 618
in the illustrated process.
At 618, the zone controller 104 checks if there is an indi

cation set that a sensor status check is needed. A sensor status
At 610, the zone controller 104 checks to see if a new
check is a check conducted by the zone controller 104 of the
command is to be sent to the occupancy sensors 106 that are
connected to the sensor communication buses 110 for that 35 occupancy status of its connected occupancy sensors 106. In
zone controller 104. In some implementations, the zone con
general, if the occupancy sensors 106 for a zone controller
troller 104 has an internal indicator that indicates can indicate
104 are operational and have been calibrated, and the zone
at different times that either a new command is to be sent or
controller 104 has transmitted a broadcast command to its
that a new command is not to be sent.
occupancy sensors 106 to conduct an occupancy measure
If the zone controller 104 determines (at 610) that a new 40 ment, but has not yet received a response, then the zone

controller (at 618) will usually determine that a sensor status

command is to be sent to the occupancy sensors 106, then (at
612) the zone controller transmits the command to the occu

check should be performed.

pancy sensors 106 connected to its sensor communication

buses 110 to transmit an ultrasonic signal into its correspond
ing parking spot to initiate a measurement cycle. In a typical

45

If the zone controller 104 determines (at 618) that a sensor
status check should be performed, then it sends a status
request (at 620) to a ?rst one of its occupancy sensors 106 at

implementation, the command is transmitted as a broadcast

a ?rst address.

command, substantially simultaneously to every one of the

In a typical implementation, when an occupancy sensor
receives a status request from its zone controller 104, it

occupancy sensors 106 connected to the zone controller’s
sensor communication buses 110.

If a system includes multiple zone controllers 104, then all

50

of the zone controllers 104 may be coordinated to send out
similar broadcast commands at the same time so that all of the
occupancy sensors 106 in the system initiate a measurement

cycle at substantially the same time. This type of coordination
may, in some instances, help reduce the likelihood that dif
ferent results are produced in sequential measurement cycles

responds by sending to the zone controller information
related to its latest status (as determined, for example, based
on the occupancy measurement cycle performed by the occu
pancy sensor). This information can include, for example, the
occupancy status itself and, optionally, other information
related to the underlying data used to determine the occu

55

pancy status (e.g., the occupancy measurement value, infor
mation about the echo signals received in response to the

by the same occupancy sensor 106 when there hasn’t been an

latest ultrasonic transmission, etc.).

actual change in occupancy status of the corresponding park
ing space.

receives from the ?rst one of the occupancy sensors 106. In a

In a typical implementation, each occupancy sensor 106 is
con?gured such that when it receives a command from its

The zone controller 104 (at 622) handles the response it
60

storing the response in a memory storage unit (e.g., memory
304) and/or sharing the information or otherwise making the

zone controller to initiate a measurement cycle, the occu
pancy sensor transmits an ultrasonic signal into the corre

information available for accessing to the PC 102.

sponding parking space, and receives a plurality of echo
signals re?ected back to the occupancy sensor 106 from a

plurality of surfaces in or around the parking space (or on a

vehicle or other object in the parking space). To produce an

typical implementation, handling the response may include

65

At 624, the zone controller 104 advances a sensor identi?er
to point to an address associated with another one of the
occupancy sensors 106 whose status is to be checked. In
general, the sensor identi?er counts from 0 to 31 for each
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sensor communication bus, advancing by one, to enable the
zone controller to individually poll each of its occupancy

can be manipulated by a human operator to navigate through
the interactive menu(s) presented at the display screen 708a

sensors 106 on a particular sensor communication bus 110 for
a status request.

and/or to select various options that are presented at the
display screen 70811.

At 626, the zone controller 104 checks if the sensor iden

The zone controller 104 has a computer-based processor to
support and/or facilitate various functionalities of the zone
controller 104 disclosed herein. The zone controller 104 also

ti?er has a value of 31, which would indicate that all thirty
two (32) of the occupancy sensors 106 on the particular
sensor communication bus 110 have been polled.
If the zone controller 104 determines (at 626) that the
sensor identi?er value is not 31 (or that all of the occupancy

has other circuitry and memory chips that interact with and
support the computer-based processor to facilitate the func
tionalities of the zone controller 104 disclosed herein as well.
The zone controller has a screen brightness adjustment
means 734 that can be manipulated by a human operator to

sensors 106 connected to the sensor communication bus 110

in question have not yet been polled), then the zone controller

adjust the brightness of the display screen 70811. In some
implementations, the screen brightness adjustment means is a

104 once again sets an indication (at 616) that the sensor
communication buses 110 connected to the zone controller
104 are once free (i.e., free for use by other system resources

knob or the like.

The zone controller has a power input terminal block 724,
an external communication terminal block 726 and three
sensor communication terminal blocks 728.

or in connection with other system functionalities) and
returns to step 606 in the illustrated process.
If the zone controller 104, on the other hand, determines (at
626) that the sensor identi?er value is 31 (or that all of the
occupancy sensors 106 connected to the sensor communica

In a typical implementation, the power input terminal
20

tion bus 110 in question have been polled), then the zone
controller 104 (at 628) resets the sensor indicator value to

zero (0) and switches task type (at 630). In general, since all
of the occupancy sensors 106 connected to the sensor com

munication bus 110 in question have been polled, the task

25

type is changed so that the zone controller 104 no longer

The zone controller 104 then sets an indication (at 616) that
the sensor communication buses 110 connected to the zone
30

35

is not needed. After making this determination, the zone
controller 104 proceeds to step 632 and considers whether the
40

modated over the external communication terminal block

726. In one implementation, for example, positioning the DIP
switch in a ?rst con?guration (e.g., switches 1 and 2 OFF) sets

If the zone controller 104 determines (at 632) that the

the zone controller 104 to accommodate RS422 communica

occupancy sensor that corresponds to the address in the sen
sor identi?er needs to write parameters, the zone controller

104 transmits (at 634) an appropriate command to the occu
pancy sensor 106 and receives (at 636) a con?rmation from

terminal block 726 is connected to the PC 102 and/or to one
or more of the other zone controllers 104 in the system 100.
The external communication terminal block is connected to

and/or forms part of the communication ports 316 in FIG. 3.
There is a DIP (dual inline package) switch 730 package
(e.g., with two switches) that can be manipulated by a human
operator to set the type of communication that will be accom

a sensor status check is needed, when the zone controller 104
reaches step 618, it will determines that a sensor status check

occupancy sensor that corresponds to the address in the sen
sor identi?er needs to write parameters.

sensor communication terminal blocks 728. The three sensor
communication terminal blocks 728 are connected to or col

lectively form part of the communication ports 316 in FIG. 3.
In a typical implementation, the external communication

Since all of the occupancy sensors 106 connected to the

sensor communication bus 110 in question have been polled
and the task type has been changed to no longer indicate that

receive an external 24 volt DC voltage source.
In a typical implementation, each of three sensor commu
nication terminal blocks 728 is connected to an associated
one of the sensor communication buses 110. In a typical

implementation, the zone controller 104 is con?gured to
accommodate RS485 communications through each of the

indicates that a sensor status check is needed.

controller 104 are free (i.e., free for use by other system
resources or in connection with other system functionalities)
and returns to step 606 in the illustrated process.

block 724 is con?gured to receive electrical power to support
operations of the zone controller 104. In a particular imple
mentation, the power input terminal block 724 is connected to

45

tions at the external communication terminal block 726,
whereas positioning the DIP switch in a second con?guration
(e.g., switches 1 and 2 ON) sets the zone controller 104 to

the occupancy sensor 106.

accommodate RS485 communications at the external com

If, on the other hand, the zone controller determines (at
632) that the occupancy sensor that corresponds to the

munication terminal block 726.
The zone controller 104 has eight inputs 732 for zone

address in the sensor identi?er does not need to write param

50

eters, the zone controller 104 transmits (at 638) an appropri

The illustrated zone controller 104 has various other com

ponents that facilitate the various aspects of the functional
ities disclosed herein, including a socket in the upper right
corner of the illustrated layout for an optional wireless mesh

ate command to the occupancy sensor 106 and handles the

response (at 640).
The zone controller 104 then proceeds to step 624 and
continues with the process as indicated.

55

FIG. 7 is a circuit layout showing an exemplary implemen

60

For example, the techniques and systems disclosed herein
could be applied to occupancy sensing applications outside of
automobile parking facilities.
The speci?c components or combination of components in
a particular system can vary considerably. For example, in

65

some implementations, a system will not include a personal
computer connected to the zone controllers. In some

crystal display (LCD) screen. The display screen 70811 is
generally operable to present information for viewing by a
human operator regarding the system 100 and interactive
menus as described herein.

A pair of push buttons 70819 is also provided as an I/O
device. The push buttons 70819 are con?gured such that they

modem for external communication to zone controllers.

A number of embodiments of the invention have been
described. Nevertheless, it will be understood that various
modi?cations may be made without departing from the spirit
and scope of the invention.

tation showing parts of one of the zone controllers 104 from
FIG. 1.
The illustrated zone controller 104 has a display screen
70811 as an I/O device. In some implementations, the display
screen 70811 is an intelligent, 4 row by 16 column liquid

counting.

instances, the personal computer may be replaced with an
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electronic sign that presents information to a human viewer in
the parking facility about the occupancy status of the different

The storage device may facilitate loading information, soft
ware, etc. into the zone controller’s memory.
Although the processes disclosed handle one sensor at a

parking spaces throughout the parking facility.

time (e.g., when calibrating), in some implementations, the

In such instances, the sign may retrieve information from
each of the zone controllers about the occupancy status of the

controller can transmit a broadcast command to more than

parking spaces throughout the facility. In such instances, the

one (e.g., all) of the occupancy sensors coupled to it to emit

zone controllers may be adapted to set an indicator for the
sign to notice whenever the zone controller becomes aware of

a change in status. In those instances, the sign would only

ultrasonic signals into every monitored parking space for
calibration. Similarly, when attempting determine the status
(e.g., occupied or empty) of the parking spaces, the controller

retrieve new information for a particular parking space if the
zone controller has indicated a change in status since the last

can transmit a broadcast command to more than one (e.g., all)
of the occupancy sensors coupled to it to emit ultrasonic

signals into every monitored parking space for status updat

information retrieval for that parking space.

ing purposes.
Although the techniques disclosed herein generally begin

A personal computer attached to the zone controllers may
manage updates from the zone controllers in the same man

with the controller waiting for the required buses to be free, in
some implementations, the controller may have authority to

ner.

A system may include any number of occupancy sensors
(typically one per parking space), any number of zone con
trollers (typically at least one zone controller is provided for
every 96 occupancy sensors in a facility) and any number of

interrupt ongoing processes in order to calibrate or obtain an
updated status on one or more of the corresponding occu
20 pancy sensors.

personal computers or parking signs.

Some systems may include multiple controllers and, in
those systems, the multiple controllers can be adapted to

Communication between the various components can be

implemented using wired or wireless technologies or combi
nations or wired and wireless technologies.

The speci?c physical design, arrangement, layout and

coordinate timing, etc. with one another.
The controller may interact with the occupancy sensors in
25

functionalities associated with each system component can
vary as well. For example, the zone controllers may have

diodes to blink or illuminate in various colors to indicate one
or more conditions).

other hardware or software to implement one or more other

The controller may be adapted to allow a personal com

functionalities associated with system operations not speci?
cally mentioned herein. Additionally, the circuitry in a zone

puter to initiate a ?rmware upgrade for one or more occu
30

controller can include more or less physical components than

described herein.
The techniques implemented by the zone controller are not
limited to the speci?c techniques described herein. In some
implementations, the steps described can be performed in a
different order than described herein. In some implementa

tions, certain steps can be performed simultaneously. And, in
some implementations, certain steps may be omitted entirely.
Some of the steps described may be performed automatically
(i.e., without external prompting) and some of the steps

Other implementations are within the scope of the claims.
35

What is claimed is:

1. A method comprising:
transmitting a measurement command from a computer
40

described may be performed in response to a prompt by a

based controller to a selected one of a plurality of occu
pancy sensors, wherein the selected one of the occu
pancy sensors has an address that corresponds to an
address in an occupancy sensor identi?er,

wherein the measurement command is adapted to cause the

the software 312 may have been loaded into the memory 304

occupancy sensor to transmit an ultrasonic signal into an
45

puter readable medium. The computer readable medium can
be any one of an electronic, magnetic, optical, or other physi
cal device or means that can contain or store a computer

program for use by or in connection with a computer related
system or method. The computer readable medium can be, for

pancy sensors. Generally, the processes involving the other
occupancy sensors (i.e., those not affected by the upgrade)

will not be interrupted by the ?rmware upgrade.

human operator.
In various implementations, the instructions contained in
from an external source, such as from a non-transitory, com

a variety of other ways (e.g., causing their light emitting

50

example, an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, device, or

associated one of a plurality of monitored parking
spaces in a parking facility, receive a plurality of echo
signals re?ected back to the occupancy sensor from
surfaces in or around the associated parking space, and

determine, based on the plurality of echo signals
received, whether the associated parking space is occu
pied or empty;
after transmitting the measurement command, sending a

propagation medium. More speci?c examples of the com

status check to the occupancy sensor from the computer

puter-readable medium include an electrical connection
(electronic) having one or more wires, a portable computer
diskette (magnetic), a random access memory (RAM) (elec

based controller; and
55

receiving a response to the status check at the computer

based controller, wherein the response includes the

tronic), a read-only memory (ROM) (electronic), an erasable

occupancy sensor’s determination as to whether the

programmable read-only memory (EPROM, EEPROM, or

associated parking space is occupied or empty.
2. The method of claim 1, further comprising:
advancing the address in the occupancy sensor identi?er,

Flash memory) (electronic), an optical ?ber (optical), and a

portable compact disc read-only memory (CDROM) (opti

60

and

cal).

returning to the transmitting step in claim 1.
3. The method of claim 1, further comprising:
after transmitting the measurement command, setting an

The zone controller or PC can include a storage device,

including a stationary storage device or portable storage
device. As an example, the storage device may be a magnetic
tape, disk, ?ash memory, volatile memory, or a different
storage device. In addition, the storage device may be a secure
digital memory card or any other removable storage device.

65

indication at the computer-based controller that no addi
tional measurement commands need to be transmitted to
the occupancy sensor.
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4. The method of claim 1 further comprising:
storing the received response in a computer-based memory
for subsequent access and retrieval by a personal com

puter or electronic parking sign.
5. The method of claim 4, further comprising:
storing an indication in the computer-based memory that

particular occupancy sensor, and returning to the trans
mitting a measurement for calibration purposes com

mand step of claim 6.
10. The method of claim 8, further comprising:
5

an occupancy status associated With the associated park
ing space has changed from an earlier status of either
occupied or empty if the response to the measurement

command indicates that the change has occurred,
Wherein the personal computer or electronic parking sign

10

parking space.
12. The method of claim 10, further comprising:
calculating a quality indicator associated With the baseline

ciated paring space.
6. The method of claim 1, further comprising calibrating

calibration value.

13. The method of claim 12, Wherein calculating the qual

ity indicator comprises:

one or more of the occupancy sensors from the computer
20

transmitting a measurement for calibration purposes com

mand from the computer-based controller to one of the
occupancy sensors having an address that corresponds

the same as the baseline echo measurement value.

25

one of the plurality of monitored parking spaces in the

parking facility, receive a plurality of resulting echo
signals re?ected back to the occupancy sensor from
surfaces in or around the associated parking space, and

30

measurement value; and
transmitting the baseline calibration value and the quality

determine, based on the plurality of resulting echo sig

indicator to the occupancy sensor of the associated park
35

time;
40

16. The method of claim 6, further comprising:
prior to the transmitting step, sending a broadcast com
45

system, the controller comprising:

occupancy sensor.
50

a computer-based processor; and

a computer-based memory coupled to the computer-based
processor, Wherein the computer-based processor is
con?gured to:

receiving the response to the measurement for calibration
purposes command from the occupancy sensor Within
55

cient number of calibration measurements have been
obtained for the occupancy sensor that corresponds to

transmit a measurement command from the controller to
a selected one of a plurality of occupancy sensors,
Wherein the selected occupancy sensor has an address
that corresponds to an address in an occupancy sensor

identi?er,

the associated parking space,
Wherein the suf?cient number of calibration measurements

mand to all of the occupancy sensors that are coupled to
the computer-based controller, to react in a manner that
a human operator can recognize.

17. A controller for a parking space occupancy monitoring

memory that a calibration error has occurred for the

the predetermined amount of time; and
after receiving the response, determining Whether a sul?

after receiving a response to each of a plurality of measure
ment for calibration purposes commands from the occu
pancy sensor, advancing an address in the occupancy
sensor identi?er and returning to the transmitting a mea

surement for calibration purposes command step in
claim 6.

time, setting an indication in the computer-based
7. The method of claim 6, Wherein the particular status of
the associated parking space is empty.
8. The method of claim 6, further comprising:

ing space.
15. The method of claim 6, further comprising:

starting a timer to count off a predetermined amount of

if the computer-based controller has received a response to
the measurement for calibration purposes command
from the occupancy sensor Within the predetermined
amount of time, storing the response in a computer
based memory; otherWise, if the computer-based con
troller has not yet received the response to the measure
ment for calibration purposes command from the
occupancy sensor Within the predetermined amount of

Which calibration measurement value appeared most
among the number of calibration measurements for the
occupancy sensor of the associated parking space; and
calculating a quality indicator associated With the baseline
calibration value by assigning a grade to the baseline
calibration value based on hoW many of the calibration
measurement values were the same as the baseline echo

nals received, a calibration measurement value that cor

responds to the associated parking space having a par
ticular status;

assigning a grade to the baseline calibration value based on
hoW many of the calibration measurement values were

14. The method of claim 8, further comprising:
calculating a baseline calibration value by determining

to an address in an occupancy sensor identi?er,

Wherein the measurement for calibration purposes com
mand is adapted to cause the occupancy sensor to trans
mit an ultrasonic calibration signal into an associated

ated parking space is suf?cient, then calculating a base
line calibration value.
11. The method of claim 10, Wherein calculating the base
line calibration value comprises:
determining Which calibration measurement value
appeared most among the number of calibration mea
surements for the occupancy sensor of the associated

assesses Whether there has been any such changes by
revieWing the stored indications of changes in the com
puter-based memory, before retrieving any neW data
from the computer-based controller related to the asso

based controller, Wherein calibrating comprises:

if it is determined that the number of calibration measure
ments obtained for the occupancy sensor of the associ

60

is some number greater than one.

Wherein the measurement command is adapted to cause
the occupancy sensor to transmit an ultrasonic signal
into an associated one of a plurality of monitored

9. The method of claim 8, further comprising:

parking spaces in a parking facility, receive a plurality

if it is determined that an insuf?cient number of calibration

of echo signals re?ected back to the occupancy sensor
from surfaces in or around the associated parking
space, and determine, based on the plurality of echo

measurements have not obtained for the occupancy sen

sor that corresponds to the associated parking space,
then advancing a counter that keeps track of the number
of calibration measurements that have been taken for a

65

signals received, Whether the associated parking
space is occupied or empty;
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time, setting an indication in the computer-based

after transmitting the measurement command, send a
status check to the occupancy sensor from the con

memory that a calibration error has occurred for the

troller; and

occupancy sensor.

20. The method of claim 19, Wherein the particular status of
receive a response to the status check at the controller,
Wherein the response includes the occupancy sensor’ s 5 the associated parking space is empty.
determination as to Whether the associated parking
21. The method of claim 19, further comprising:
receiving the response to the measurement for calibration

space is occupied or empty.
18. The controller of claim 17, Wherein the computer-based
processor is further adapted to calibrate one or more of the
plurality of occupancy sensors, Wherein the calibration pro- 10
cess comprises:
transmitting a measurement for calibration purposes command from the controller to a particular one of the occupancy sensors, Wherein the particular occupancy sensor 15
has an address that corresponds to an address in the

occupancy sensor identi?er,

purposes command from the occupancy sensor Within
the predetermined amount of time; and

after receiving the response, determining Whether a su?i
cient number of calibration measurements have been
obtained for the occupancy sensor that corresponds to
the associated parking space,
Wherein the suf?cient number of calibration measurements
is some number greater than one.

22. The method of claim 21, further comprising:

Wherein the measurement for calibration purposes command is adapted to cause the occupancy sensor to transmit an ultrasonic calibration signal into an associated 20

if it is determined that an insuf?cient number of calibration
measurements have not obtained for the occupancy sen
sor that corresponds to the associated parking space,

one of the plurality of monitored parking spaces in the
parking facility, receive a plurality of resulting echo
signals re?ected back to the occupancy sensor from

then advancing a counter that keeps track of the number
of calibration measurements that have been taken for a
particular occupancy sensor, and returning to the trans

surfaces in or around the associated parking space, and

mittng a measurement for calibration PHI‘POSBS 00m

determine, based on the plurality of resulting echo sig- 25

mand Step cf clahh 6

The methcd cf clahh 21> further chhPriSihg?

nals received, a calibration measurement value that cor

responds to the associated parking Space having a Pap
ticular status;

1f1t is determined that the number of calibration measure
ments obtained for the occupancy sensor of the associ

starting a timer to count off a predetermined amount of
time
-

eted Parking Space is Suf?Ciem’ then Calculating a base'
30

’

-

if the computer-based controller has received a response to
.
.
the measurement for calibration purposes command

.

.

.

from the occupancy sensor Within the predetermined
_

_

_

line calibration value.
24. The method of claim 23, Wherein calculating the base

.
.
.
.
11ne ca11brat10n value compr1ses:
d

.

.

etermimng

.

Which

.

.

calibration

measurement

-

value

-

appeared most among the number of calibration mea

amoum of nme’ 5‘0an the response In a computer' 35

surements for the occupancy sensor of the associated

based memory; othervy1se, 1f the computer-based con-

parking Spaca

troller has not yet received the response to the measurement for calibration purposes command from the
occupancy sehscr Whhih the predetermined amount cf
time: setting ah indication in the cempmer'hased 40
memory that a calibration BITOI‘ has occurred fOI‘ the

25 The method of Claim 24’ wherein calculating the qual_
ity indicator comprises;
assigning a grade to the baseline calibration value based on
hoW many of the calibration measurement values were
the same as the baseline echo measurement value

occupancy sensor.
19. A method comprising:

26. The method of claim 23, further comprising:
calculating a quality indicator associated With the baseline

transmitting a measurement for calibration purposes command from a computer-based controller to one of a plu- 45

calibration value.
27. The method of claim 21, further comprising:
calculating a baseline calibration value by determining
Which calibration measurement value appeared most
among the number of calibration measurements for the
occupancy sensor of the associated parking space; and
calculating a quality indicator associated With the baseline

rality of occupancy sensors having an address that corresponds to an address in an occupancy sensor identi?er,
Wherein the measurement for calibration purposes command is adapted to cause the occupancy sensor to transmit an ultrasonic signal into an associated one of the 50

plurality of monitored parking spaces in the parking
facility, receive a plurality of resulting echo signals

calibration value by assigning a grade to the baseline
calibration value based on hoW many of the calibration

re?ected back to the occupancy sensor from surfaces in

measurement values were the same as the baseline echo

or around the associated parking space, and determine,
based on the plurality of resulting echo signals received, 55

measurement value; and
transmitting the baseline calibration value and the quality

a calibration measurement value that corresponds to the

indicator to the occupancy sensor of the associated park

associated parking space having a particular status;

ing space.

starting a timer to count off a predetermined amount of
time;

28. The method of claim 19, further comprising:
after receiving a response to each of a plurality of measure

if the computer-based controller has received a response to 60
the measurement for calibration purposes command
from the occupancy sensor Within the predetermined

ment for calibration purposes commands from the occu
pancy sensor, advancing an address in the occupancy
sensor identi?er and returning to the transmitting a mea

amount of time, storing the response in a computerbased memory; otherWise, if the computer-based controller has not yet received the response to the measure- 65
ment for calibration purposes command from the
occupancy sensor Within the predetermined amount of

surement for calibration purposes command step in
claim 6.
29. The method of claim 19, further comprising:
prior to the transmitting step, sending a broadcast com
mand to all of the occupancy sensors that are coupled to
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the computer-based controller, to react in a manner that
a human operator can recognize.

re?ected back to the occupancy sensor from surfaces in

30. A controller for a parking space occupancy monitoring

based on the plurality of resulting echo signals received,

or aron the associated parking space, and determine,
a calibration measurement value that corresponds to the

system, the controller comprising:

associated parking space having a particular status;

a computer-based processor; and

start a timer to count off a predetermined amount of time;
if the computer-based controller has received a response to
the measurement for calibration purposes command

a computer-based memory coupled to the computer-based
processor, Wherein the computer-based processor is
con?gured to:
transmit a measurement for calibration purposes command
from a computer-based controller to one of a plurality of

occupancy sensors having an address that corresponds
to an address in an occupancy sensor identi?er,

Wherein the measurement for calibration purposes com
mand is adapted to cause the occupancy sensor to trans
mit an ultrasonic signal into an associated one of the

plurality of monitored parking spaces in the parking
facility, receive a plurality of resulting echo signals

10

from the occupancy sensor Within the predetermined
amount of time, store the response in a computer-based

memory; otherWise, if the computer-based controller
has not yet received the response to the measurement for
calibration purposes command from the occupancy sen
sor Within the predetermined amount of time, set an
indication in the computer-based memory that a calibra
tion error has occurred for the occupancy sensor.
*

*

*

*

*

