EXHIBIT 1009

Ex.-1009 - ADB Safegate et al.
ADB Safegate et al. v. Honeywell International Inc. - PGR2023-00053
Page 1



Smart Parking: an Application of optical Wireless Sensor Network

Jatuporn Chinrungrueng

Udomporn Sunantachaikul

Satien Triamlumlerd
{jatuporn.chinrungrueng, udomporn.sunantachaikul, satien.triamlumlerd } @nectec.or.th
National Electronics and Computer Technology Center
National Science and Technology Development Agency
Ministry of Science and Technology
112 Thailand Science Park, Phahon Yothin Rd.,
Pathumthani, 12120 Thailand

Abstract

Parking problems are commonplace in most major cities.
The limited availability of parking results in traffic conges-
tion, air pollution as well as driver frustration. The price
for parking expansion is usually prohibitive or extremely
high. Recently researchers turned to applying technologies
for efficient parking management. In our previous work, we
have developed an optical wireless sensor network (WSN)
for traffic monitoring. We have demonstrated our system
to the public in several exhibitions. It is realized that this
simple invention could be applied to monitor vehicles in
a parking garage. The system can then inform drivers of
the number of available parking spaces and in which area
should they be directed to. This kind of system should avoid
driver’s frustration in trying endlessly to find a parking
space in a crowded parking garage. This paper describes
our work to modify our original WSN and applies it to park-
ing garages. Problems associated to applying our original
WSN to parking garage are explained, and solutions are
proposed.
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1. Introduction

Parking problems are commonplace in most major cities.
The limited availability of parking results in traffic conges-
tion, air pollution, as well as driver frustration. The price
for parking expansion is usually prohibitive or extremely
high. Smart parking is a parking garage that utilizes var-
ious technologies to efficiently manage the garage. Since
early 1970s, smart parking have been implemented through-
out Europe, the United Kingdom and Japan. Early systems
displayed to drivers parking information such as the avail-

ability status and/or the number of available spaces. This
system is still widely used today and becomes a necessary
part of new parking garages in major cities. More com-
plex smart parking incorporates more advanced technolo-
gies to serve customers of different needs [3]. For example,
parking garages in large shopping complexes can direct cus-
tomers to available spaces close to where they want to shop.
While at the same time some parking garages can employ
security measures such as collecting vehicle’s license plate
and verifying it when checking out. Smart payment systems
such as smart meters, smart cards, mobile communications
and e-parking may also be incorporated. Park and ride fa-
cilities may also display real time information on the depar-
ture and arrival time of the next bus or train, in addition to
parking availability. Such system will encourage high-way
commuters exploiting public transportation. In a broadest
and simplest sense, smart parking permits an optimization
of existing parking spaces in order to best satisfy the cus-
tomers’ needs. To name a few, these include minimizing
the time that customers spend on trying to find a parking
space, provide real-time information on parking spaces, and
provide smart payment options.

Obviously, an indispensable element of smart parking is
vehicle detectors. Inductive loop is the most widely used
detector today. New parking garages will at least install
them at the entrances and exits. It yields an accurate vehi-
cle count. The major drawbacks, however, include difficul-
ties in installation and maintenance processes that involve
road surface excavation [2]. This installation and mainte-
nance can prevent normal operation within under-operation
parking garages. Other detectors include video cameras, ul-
trasonic sensors, and doppler radars. To avoid installation
and maintenance difficulties, we proposed an optical wire-
less sensor network (WSN) to monitor vehicular traffic [1].
It was a simple WSN that based on a star-topology as shown
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in Figure 1. The network consisted of a server node and a
number of sensor nodes. The server node served as the cen-
tral point for collecting traffic data from all sensor nodes
installed at various monitored points. The sensor node was
equipped with an optical sensor to detect passing vehicles.
The use of optical sensor yielded very accurate count as well
as position of vehicles. The design of our polling MAC pro-
tocol allowed an efficient-power mode of operation. Several
tests and demonstrations at various exhibitions showed that
our WSN was reliable and robust in counting vehicles and
in relaying data to the central server.
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Figure 1. WSN with a star-based topology.

In this work, we propose to apply our optical WSN as
the vehicle counting system in smart parking garage. The
sensor nodes can be easily installed as they require no ex-
cavation and signal wiring. We install these sensor nodes at
all entrances, exits and other key locations for counting ve-
hicles passing those points throughout the parking garage.
The system collects these data with a server node installed
at nearby control station and calculate occupied and avail-
able parking spaces. Then the system displays the number
of available parking spaces or even directed drivers to clos-
est available parking areas. We review existing smart park-
ing systems in Section 2. We then propose how our WSN
may be employed in these systems. In section 3 we describe
our problem setting in applying WSN to monitoring park-
ing garages. Problems inherent to parking garage applica-
tion that were not important issues in our original WSN will
be explained. Then we explore the modification of our orig-
inal design of WSN in order to apply it to parking system.
Finally, we conclude this work in section 4.

2. A Review of Smart Parking Systems

Europe, the United Kingdom and Japan were among the
first countries to implement smart parking systems. Today
we can find several smart parking facilities in most major
cities. Smart parking technology benefits the customer and
the parking operator in the following ways:

e The customer can readily determine space availability
prior to entering the garage and/or parking level.

e The customer can plan for their transit to public trans-
portation with such smart parking systems employed
at Park and Rides

e The parking operator can use the system data to de-
velop or improve pricing strategies.

e The parking operator can use this system data to pre-
dict future parking patterns and trends.

e The parking operator can use this system data to pre-
vent vehicle thefts.

e The parking operator can reduce the staffing require-
ments for traffic control within the facility.

e The system significantly reduces traffic—and the result-
ing vehicle emissions— by decreasing the time required
for customers to locate open spaces.

Smart parking systems were categorized into 5 systems as
following summarized [3]:

2.1 Parking Guidance Information Sys-
tems (PGI)

PGl is a parking technology that guides and provides in-
formation about the availability of parking spaces located in
major cities. Vehicle detectors are installed at entrances, ex-
its and/or individual parking space to collect and calculate
the number of occupied and available spaces. Common de-
tectors include loop detectors, machine vision, ultrasonic,
infrared, microwave and lasers. Information, ranged from
“empty” or “full” lot, to the number of availability, or to the
exact location of available spaces, are displayed at various
spots so that drivers can make better decision.

2.2 Transit-Based Information Systems

This system specifically provides parking space informa-
tion and public transportation schedules in Park and Ride
facilities. The system’s main purpose is to encourage com-
muters to park their vehicles and use buses or trains for their
transit. This in turn will reduce traffic congestion, pollution,
and fuel consumption. Vehicle detectors are employed simi-
lar to PGI. Messages are then displayed on variable message
signs along highways leading to park and ride lots.

2.3 Smart Payment Systems

Smart payment systems employ advanced technologies
to implement payment systems in place of conventional
parking meters. The systems allow fast and convenience
payment, improving collection rates for fine, and reducing
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the rate of assaults on parking officials. Technologies em-
ployed include contact methods (debit, credit cards), con-
tactless methods (smart cards, RFID cards), and mobile
communication devices (mobile phone services). The pay-
ment for specific parking space will be used to calculate
occupied parking spaces. Conventional detectors employed
in above systems are not necessary here.

2.4 E-parking

E-parking employs advanced technologies to combine
and streamline parking reservation and payment systems.
Using this system, a driver could inquire about the availabil-
ity, reserve for a parking space at a given destination, and
pay when leaving. The system is accessed via cell phone,
PDA and/or internet. Still conventional detectors are needed
to detect approaching vehicles. However, the system must
be able to identify customers and/or their vehicles making
reservation and allows them the access to reserved space.
The identification process at the parking lot may employ
confirmation code access that the customer receive on cell
phone.

2.5 Automated Parking

Automatic parking is a computer-controlled mechanical
systems that allows customers to drive their cars into one
of several bays, lock their cars, and let the computer do the
rest. To pick up their cars, the customers just punch in their
codes and passwords, then the machine will retrieve their
cars and ready to leave in just a few minutes. Automatic
parking allows for an efficient use of expensive and limited
parking spaces. A variety of vehicle detectors are installed
in this system.

Based on the above classification of smart parking sys-
tems, a parking garage may employ one or a combination
of above systems to best serve their customers. For exam-
ple, the new terminal and parking garage at the Dallas/Fort
Worth (DFW) International Airport employed a PGI sys-
tem. DFW consists of a 29-gate terminal and an adjoin-
ing 8-level parking garage providing 8,100 parking spaces.
DFW installed inductive loops to detect vehicles at all key
points. These count data is then relayed to a central server
and processed. The system determines the occupancy of
a given area and display space-availability information to
customers via dynamic message signs located throughout
the garage.

3. Problem Settings for Application of WSNs to
Monitoring Parking Garages

Our original WSN employed optical sensor heads to de-
tect passing vehicles [1]. The major disadvantage of optical

sensor head is that it cannot distinguish pedestrians or ob-
jects from vehicles of interest and the system will acknowl-
edge as false positives. We initially were not concern of the
problem since we assumed we could avoid the confusion by
installing our WSN at places where only vehicles of interest
were permitted or regulated. For example, we may install
our WSN on highways where pedestrians or motorcycles
are not allowed or on streets where it is unlikely that pedes-
trian would also occupy them. However, parking garages do
not have appropriate facilities to prevent pedestrians from
interfering vehicular monitoring points. It seems unprofes-
sional or even impolite to ask customers not to block or in-
terfere the view of the sensor heads.

Our proposed solution to the problem is therefore to add
another optical sensor head to the sensor node. Two sen-
sor heads can classify objects of different sizes. Cars, vans,
pick-up trucks, and motorcycles all have different lengths
and are bigger than pedestrians. Therefore, we can in-
stall two sensor heads separated for a certain distance such
that a vehicle, not a customer, can be identified. Figure 2
shows commercial cars, vans and pick-up trucks of various
lengths. The lengths range from 3.9 to 5.54 meters. Figure
3 shows motorcycles of various lengths. The motorcycle
lengths can range from 1.8 to 2.5 meters.
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Figure 2. Vehicles of various sizes range from
3.9 to 5.54 meters.

Our placement of two sensor heads is shown in Figure 3.
The sensor heads’ height is approximately 0.9 meters as this
height corresponds to part of the body a little over the tires.
The two sensors are set 2.6 to 3.5 meters apart from each
other. This separation will allow us to distinguish cars, vans
and pick-up trucks from pedestrian as well as motorcycles.

Not only can two sensor heads distinguish vehicles from
pedestrian, they can be employed to obtain the direction
of passing vehicles. This can be useful, as some parking
garages, an entrance can also be an exit. We therefore need
to be able to distinguish whether a car is entering or exiting
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Figure 5. WSN State Diagram.

Figure 3. Motorcycles of various sizes range 4. Conclusions
from 1.8 to 2.5 meters.
Smart parking systems employ advanced technologies to
permit efficient use of parking lots. Smart parking ranges

Vehicle area for optical detection from simple systems that show the number of available

—. spaces to complex ones that can guide customers to a free
/‘/g@ T et . . .
@/ﬁ\q@w} 2 spot. In addition, smart parking may incorporate transit-
gD )Zﬁ’@% ] 0.9m. based information, smart payment, and auto-parking to best

26-35m. serve customers’ VaI’iOl.IS r%eeds. In most smart parking, ve-
hicle detectors are an indispensable component. We pro-

s ST posed to employ optical sensor in WSN to replace com-
AR monly used loop detectors. Optical WSN allowed for easy
installation and maintenance with the same or better accu-

\ racy. Our original WSN was modified to include two op-

tical sensor heads. With two sensor heads, vehicles can be
distinguished from pedestrians as well as motorcycles. The
vehicle direction information can also be obtained with two
sensor heads. We plan to implement this optical WSN at
our main parking lot and test for its workability.

Figure 4. Appropriate placement of two sen-
sor heads to distinguish pedestrian from ve-
hicle and to determine vehicle direction.
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