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Abstract 

 

Park Hunt – An Optimized Approach to Implement and Deploy 

Parking Monitoring Systems in Open Environments  

 

Fahd Murtuza Siddiqui, M.S.E 

The University of Texas at Austin, 2011 

Supervisor: Christine Julien 

 

The time consuming, tedious, and, sometimes, never ending search for a parking spot is a 

matter of common experience. We present an innovative approach to parking monitoring 

systems that only requires sensors at the entry and exit points of a street segment in an 

open environment such as a city downtown (as opposed to a closed environment such as 

a parking garage/lot). It can be trivially understood that using this set-up we can 

determine the number of vehicles present in a given street segment at any given time. 

However, the bigger issue is to closely estimate how many of those vehicles are parked or 

en route. We present an algorithm by which we can have a practical estimate of parked 

cars without introducing any more sensors. We further present a self-stabilizing system 

that can be implemented for fault tolerance and a few other methods to mitigate errors 

that may accrue over time.  Our approach is based on the assumption that drivers do not 

care about the exact location of the parking spot, as long as they know the “street 

segment” where parking is available. For example, just letting the users know of 

available parking on 7th street between Red River and Brazos gives them enough 

information to easily find a parking spot. This type of information would most likely be 
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shown on a map. Once the driver reaches the correct street area, it is easy to locate an 

empty parking spot. Finally, to test and evaluate our approach, we developed and 

deployed an embedded system using ultra-sonic sensors, and a Microsoft Bing Map 

application with the said user interface, along with an interoperable web service that can 

provide parking information to any third party application. 
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1. Introduction 
 

While many have taken interest in the issue of automated parking monitoring, it still 

remains a vibrant field of research. We describe a few existing approaches in the related 

works section. Essentially, most of the current approaches are centered around zeroing in 

on finding the exact parking spot location, and thus end up racking up huge 

implementation, installation and maintenance costs. We propose a prototype that offers a 

practical approach to finding a parking spot in open environments by monitoring real-

time traffic data.  

By asserting that all we need to know is the total number of parking spots on a given 

street, we drastically reduce the number of sensors required to monitor parking spaces, 

while maintaining the reliability and real-time nature of identifying open spots. On a 

typical street, the cars will not stop for an extended period of time unless they are parked. 

Keeping in view this typical scenario, the only sensors our algorithm requires per street 

are the ingress and egress sensors. 

 

1.1 Goal of this Project 
 

The goal of this project is to build a test set up that would include an embedded system 

using sensors that would detect vehicles passing by and transmit the data to a “base-

station” using multi-hop capabilities. The base-station would then save the data from 

each sensor to a central database. We will expose a RESTful web service that provides 

real-time parking inventory for a given street segment. Lastly, we developed a Bing Map 

application that uses this web service to provide a user interface to display available 

parking on a street segment. Thus, there are three sub-systems designed for this project: 

1.1.1 Embedded system using Sun SPOTs with ultra-sonic sensors that detect 

passing vehicles and their velocity and transmit this data to the base-

station. 
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1.1.2 A RESTful web-service that provides parking information to third party 

applications. The web-service also implements our parking estimation 

algorithm that discerns parked cars from moving cars and self-stabilization 

algorithm that will allow the streets to self-calibrate themselves to correct 

any parking counter errors that may have accrued over time. 

1.1.3 A Bing Map application to provide a user interface to display real time 

parking information. 

 

1.2 Sun Small Programmable Object Technology (SPOT) Overview 
 

Sun Small Programmable Object Technology (SPOT) was created to encourage the 

development of new applications and devices using JAVA directives and is ideal for the 

deployment of our parking monitoring system. The Sun SPOT Device (Figure 1) is a 

small, wireless, battery powered experimental platform. It is programmed almost entirely 

in Java to allow regular programmers to create projects that used to require specialized 

embedded system development skills. The hardware platform includes a range of built-in 

sensors as well as the ability to easily interface to external devices. A free-range SPOT 

device consists of a micro-processor, radio, and a sensor board with several IO pins that 

enable communication with external sensors. We will use this capability to connect to 

Parallax ultra-sonic sensors to acquire ultrasound distances of any obstructing objects 

(such as passing cars). Also, using the multi-hop feature, our free-range SPOTs, even the 

ones that are out of range, are able to transmit their readings to the base-station. To 

accommodate out of range devices, multiple SPOTs are placed between the remote SPOT 

and base-station. These SPOTs simply pick up the remote sensors’ readings and 

broadcast to their neighbors, and thus the readings eventually reach the basestation. The 

base-station then detects the vehicle based on the spike in the distance reading of the 

ultra-sonic sensors, and also calculates the velocity of each passing vehicle. As we will 

see in Section 4 (Algorithms), velocity is an important piece of information that will 

enable us to estimate which vehicles in a busy street are parked and which of them are 
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still moving. 

 

Figure 1 Sun SPOT Device 

1.3 Bing Map Application 
 

To provide a user interface, we developed a Microsoft Bing Map Application to display 

available parking spots on a street in downtown Austin area. Bing Map Apps are natively 

supported in Windows Mobile smart phones, and Bing provides a rich Maps API to 

complement the existing mapping services. Our application superimposes streets with 

colored lines to represent their parking status. We chose red, yellow, and green, and the 

legend is as follows: 

 Green street line: This represents available parking on the street. 

 Red street line: This means that there are no parking spots left. 

 Yellow street line: This indicates that there is some parking available but they 

are being claimed quickly due to traffic in the area, and there is a chance that 

the user may not find any parking when he gets there.  

The app also places a visually appealing “pushpin” on the street marked with the letter P. 



4 

 

Users can interact with these pushpins to activate a pop up that displays the available 

parking for that street segment and can also invoke other common commands such as 

directions to that street, or viewing the street view images. The title of the pop up 

explicitly mentions the street segment such as “6th St between Campbell St & Lynn St”. 

As the parking inventory changes, the app changes the color of the “street segments” 

accordingly. See figure 2 below.  

 

 
Figure 2 Street segments as shown on the map UI 
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2. Related Work 
 

Currently, there are a number of approaches taken to solve the issue of parking 

monitoring by locating each parking spot. We discuss a few currently implemented 

systems, and most of these approaches are based on dedicating one sensor per parking 

spot. This can be expensive and requires a significant amount of effort to make the streets 

track parking spaces. Other approaches include Google open spot, which relies on a user 

community to update parking spot vacancy. This obviously is not real-time nor 

guaranteed, and thus, does not satisfy our goal of providing real time parking updates. 

We found a few efforts (including a start-up company) that are actively working in the 

area of parking space monitoring. Using a system devised by Streetline [1], the city of 

San Francisco recently (released in early 2011) a parking pilot system to test 6000 of its 

metered parking spots. Like most other sensor based tracking systems, a wireless sensor 

embedded in a 4-inch-by-4-inch piece of plastic was glued to the pavement adjacent to 

each parking space [10]. The project known as SFPark project clocked in at an estimated 

cost of $500 to install and maintain each sensor, adding up to $3 million [1].  

A more novel approach by a Rutgers based team made headlines in February, 2010 [2]. 

They mounted ultrasonic sensors on the passenger sides of cabs and buses to capture 

"occupied spaces" taken up by cars, and their algorithm searched for an empty spot by 

looking out for certain patterns in the ultrasound distance readings. While this is 

definitely a cheaper option, the practicality of such a solution depends from city to city. It 

would be more effective in cities like New York with an extensive public transportation 

system, than say a city like Baton Rouge, Louisiana. Moreover, this approach does not 

provide a real time view of the parking spots as the occupied spaces are updated only 

when a cab equipped with an ultrasonic sensor drives through the street.  

 

Google’s Open Spot relies on the data gathered from random users to update their 

parking model. The Open Spot application allows you to search for unclaimed parking 

spots that have been reported vacant by other Open Spot users. While this seems to be a 

useful idea, it requires a lot of discipline on the part of the users to make the application 
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effective. Moreover, other people who do not use Open Spot in an already crowded 

downtown can render the app almost useless by claiming the parking spot before anyone 

can get there. Open Spot, in our opinion, fails to provide a reliable model for suggesting 

an open parking space in a real time fashion.  

 

PrimoSpot [4] is another website that offers parking related information in the New York 

and Boston areas. They do not offer any suggestion of open parking spots; rather they 

tout their hand collected database of all the parking spot pictures, along with the rules for 

each parking spot (such as no parking between 8a.m and 5 p.m.). This is a good 

comprehensive app, if you want to know about all the available street, or garage parking 

in the area. However, whether you find a parking spot there or not is completely left up to 

you.  

 

Libelium [5] has recently introduced its Smart Parking sensor technology that is designed 

to be buried in parking spaces to detect the arrival and departure of vehicles. These 

sensors communicate with the rest of the sensor network using ZigBee radio. At 2.4 GHz, 

the range of these low power sensor is 7 km. The range is as high as 40 km for lower 

frequency (868 MHz) radios. The sensor nodes are supplied in a PVC casing rated at 

IK10 for mechanical impact protection and at IP67 for ingress protection. This seems to 

be a perfect set up for our deployment algorithm. With that kind of range, outstanding 

power management, robust installation, and OTA programming ability, Libelium’s smart 

parking sensor technology lends itself as the most suitable set up for our algorithm. These 

sensors are designed to transmit only when a parking event takes place. Thus, hundreds 

of nodes need to be deployed to accommodate for each parking spot. Our algorithm can 

make this deployment more efficient by reducing the number of nodes by leaps and 

bounds, as we require such nodes to be installed only at the ingress and egress of a given 

street segment. 

  

Other than the above mentioned solutions, there are a lot of other solutions that rely on 
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maintaining a database of parking inventory and thus provide services such as location of 

various parking spots in the vicinity, or facilitating a parking reservation system for 

parking lot and garage owners.  

 

Our approach will provide a cheaper and more practical solution without compromising 

the quality of the data. Also, we think providing the users with a street segment where 

there are open parking spaces rather than trying to pin point the exact parking spot does 

not take away from the experience of quickly finding a parking spot. This algorithm can 

also be utilized by all of the above solutions to make the deployment of their parking 

monitoring systems more efficient. 
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3. Algorithms 

3.1 Parking algorithm  
 

The goal of the algorithm is to determine a good estimate of parked cars at any given 

time, using only ingress and egress sensors at the end points of street segments. Figure 11 

in section 4.1.7 shows the flowchart of the implementation of our algorithm. 

We will exploit the following features of our sensors: 

1. The sensors used have the ability to detect the vehicles passed. 

2. The sensors can also determine the speed of each passing vehicle detected. 

3. [Optional] The sensors can determine the direction of each passing vehicle 

detected. 

 

Let us define the following: 

1. D: Distance of the street segment. This is known. 

2. c: Total number of vehicles in the street segment. This is the counter that is 

updated any time a vehicle is detected to enter or exit the street segment.  

3. p: Total number of vehicles parked. 

4. P: Maximum number of parking spaces available on a given street. This is known. 

 

Algorithm: 

On entry of the vehicle: 

1. Find velocity of each car that enters the street, vi.  

2. Using vi, determine the time it will take for the car to cover the distance of the 

street segment (D). Let te denote the estimated timestamp when the vehicle will 

exit the street segment assuming it keeps moving at the same constant velocity. 

3. Create a queue, Q, of exit timestamps for each vehicle. Add te determined in point 

2 to this queue. 

4. Increment the counter c by 1.  

c := c + 1 
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On exit of a vehicle: 

1. Let t denote the current time.  Delete all the items in Q that are less than t 

2. Decrement c by 1: c := c – 1 

 

Determining the number of vehicles parked: 

1. Let ti denote the time of inquiry. Delete all the timestamps in Q that are less than ti. 

Now, the total count of the queue is the number of cars that are in the street 

segment, but not parked. Formally, 

cm = | te ϵ Q : te > ti | where cm is the number of moving cars in the street 

segment. 

2. Total number of cars parked, p = c - cm 

3. If p < P, then parking is available. 

a. If P – p <= 0, then street segment turns red 

b. If  P - p < 3, then street segment turns yellow 

c. If P - p > 2, then street segment turns green 

 

Please note that we have arbitrarily decided the threshold of 2 when the street segment 

should turn yellow. In other words, when we estimate that only 2 or fewer parking spots 

are available, we turn the street segment from green to yellow, so the user is forewarned 

that those spots are an estimation of our algorithm, and the chances of actually finding a 

spot is lower than usual. 

 

Let us put our algorithm to test under the following specific use case scenarios: 

 

Use Case 1: Handling illegal U-turns: Consider a two-way street (Figure 3), and a car 

parked on street segment A. Now, if this car makes an illegal U-turn, and exits out of 

segment B, then the counters for both segments will be in error. However, if we 

consolidate the two segments and treat it as one, then all that is required is that the car 

exits through the right exit gates. Thus, the algorithm holds even in case of an illegal U-
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turn. In order to make it more robust, an easy solution could be to make the sensors also 

detect the direction, along with the velocity of each vehicle detected. Then, based on the 

direction, the sensors can determine if the car entered or exited the street. This is not a 

part of our algorithm. 

 

 

 

  

 

Figure 2 Handling illegal U-turns 

 

Use Case 2: Street segments that end on a traffic light: One must question how this 

would work if there is a traffic light at the end of the street segment. The idea is that on 

red, the street segments would turn red as it would detect a lot of vehicles that should 

have passed the street segment but instead stopped due to the light and then go back to 

green as the traffic light turns green. Granted this is not an ideal scenario, but technically 

speaking, if the road is blocked due to traffic, the cars cannot park anyway. In such a 

scenario, the street segments on the map would frequently change colors between red to 

yellow to green and vice-versa, as the traffic light changes colors. 

 

Use Case 3: Busy streets where there are always moving cars: Consider a high traffic 

street with back to back cars at any given time. Note that the traffic is moving, and there 

are always cars getting into the street, and going out of the street. This scenario is handled 

nicely by our algorithm, as each entering car has an estimated timestamp based on its 

speed as it enters the street segment. This means that at any given time, our algorithm has 

a fair estimate of how many cars should be en-route, and thus should not be counted as 

parked.  

 

Use Case 4: Streets in a traffic jam: This scenario is similar to the traffic light scenario 

mentioned above. But we have an additional advantage here since the speed detected 

A 
 
B 
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would be close to zero indicating a traffic jam, or bumper to bumper traffic. This new 

information offers us a few options in how to handle this. As per the algorithm, the street 

segment will turn red. Optionally, we can introduce an icon to indicate a traffic jam. 

 

Use Case 5: Handling emergency vehicles / accidents on the street: In case of an 

accident, there may be emergency and police vehicles that are in the area, but not 

necessarily parked. We believe if we keep our street segments small enough, such a risk 

would pose little risk to our proof of concept. Moreover, in such a scenario, at worse a 

user will be misled into thinking some or all the parking spots are taken, and result in the 

user avoiding such a street segment. This is still better than a false positive, where a user 

is erroneously told that a parking is available. Our model errs on the side of caution, and 

saves the users from wasting time driving to a street where there is no parking. The 

yellow status of a street segment also warns the user beforehand that there is a certain risk 

of not finding the parking spot by the time the user gets to the street. 

 

3.2 Fault Tolerance  
 

We also present a self-stabilizing algorithm in case there is a need to “reset” the parking 

inventory for a particular street segment to get rid of accrued errors in our parking 

counter, c. This is a difficult task to be accomplished remotely without physically 

verifying somehow that the actual parking is the same as the parking counter we have in 

the database. In developing an algorithm to reset the parking, we exploit the fact that we 

must not tolerate any false positives, i.e., display an available parking when there is none; 

however, we are allowed to take a more lenient approach towards false negatives. In 

other words, it is better to display a few more parking spots taken, than it is vice-versa. 

Keeping this in mind, the algorithm is as follows: 

1. Turn the street segment to color black on the user interface. This indicates 

“maintenance”. Users are free to explore the parking in these streets on their own 

without any indication from our application. 

2. Set the parking counter, p, to the maximum parking available for the street 
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segment, P.  

p := P 

3. Follow the same algorithm in Section 3.1 above, except the rules change a bit as 

to how we determine the parking, p, as follows: 

a. If p >= P, then assign c = P + cm, thereby making p = c - cm = P and thus, 

ignore any new parking. Other than this exception, c, behaves according to 

our algorithm described in Section 3.1. 

b. As p reaches 0 or some low number, then terminate the maintenance 

algorithm, and consider the parking to be reset. 

 

The above self-stabilization algorithm makes it possible to “reset” the parking inventory 

remotely, without the need to somehow visualize the actual street in real time. It is quite 

possible in some situations for this algorithm not to terminate in a given amount of time. 

Therefore, this can be complemented by leveraging user feedback, such as, any 

complaints about no parking found or even using the user-reported actual parking 

availability. 
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4. System Architecture and Implementation 
 

Following is the high level architecture of our prototype: 

 

 

 

Note that the ingress and egress sensors may be out of range of the base station. The data 

hops to the nearest SPOT, which in turn transmits data to the next SPOT, and so on, until 

the data is reached to the base-station. This base station is connected to a laptop and is 

also responsible for inserting the data-points into the database. 

In order to modularize our implementation and have a clear separation of our parking 

estimation system and the applications that would use it, we implemented an 

interoperable “parking” web service that would provide parking availability for any given 

street-segment. We use this service to feed data to our Bing Map application that we 

developed (section 4.3). Such a web service also provides a perfect set up to allow third 

party developers to develop apps that need real time parking inventory data.   

This service can be utilized by applications written on any platform (Android, Java, 

Linux, Windows, Mac, iPhone) and get the parking space availability for the required 

P  Parking Db 
   Parking 
   Web 
   Service 

  Mobile Apps 

   Online Apps, 3rd 
Party Apps 

Ingress Egress 

Base-station 

Figure 3 High-level system architecture 
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street segments. The method we currently provide is GetParking(int segmentId), where 

segment Id represents a street segment and returns the number of parking space available. 

The Bing Map Application, described in section 4.3, pings this service at regular interval 

to automatically refresh its map with parking inventory for the street-segments.  

4.1 Deploying Parking Monitoring Embedded System 

4.1.1 Sun SPOTs in Detail 
 

A full, free-range Sun SPOT device consists of a Sun SPOT processor board with a 

sensor board and battery. It is packaged in a plastic housing. The sensor board is optional 

and allows us to interface with external devices. We will use this sensor board to 

interface with our ultra-sonic sensor. The basestation connects to our development 

machine (a PC) and allows us to write programs that can run on the PC and use the 

basestation's radio to communicate with remote Sun SPOTs. Note that the sensor board 

of the base-station is not used. 

Following are the hardware specification for a Sun SPOT: 

1. Processor: 180MHz 32-bit ARM920T 

2. RAM: 512 K 

3. Flash: 4M 

4. Radio: 2.4 GHz radio with an integrated antenna on the board. The radio is IEEE 

802.15.4 compliant 

5. Battery: 3.7V rechargeable. A base-station spot does not need a battery as it gets 

its power directly from the USB connection to the PC. 

6. Sensor board has following sensors and IO pins available: 

a.  3-axis accelerometer 

b. A temperature sensor 

c. A light sensor 

d. 5 GPIO pins: We will use one of these IO pins to interface with the 

external ultra sonic sensor. Also, note that the IO pins are only compatible 

with 3V. 
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e. 4 high current output pin. 

4.1.2 Connecting external ultrasonic sensor to Sun SPOTs 

We chose Parallax PING))) Ultra sonic sensor to get distance readings, which will serve 

us in our detection of passing vehicles. The PING))) sensor measures distance using 

sonar; an ultrasonic pulse (well above human hearing) is transmitted from the unit and 

distance-to-target is determined by measuring the time required for the echo return. 

Output from the PING))) sensor is a variable-width 5V pulse that corresponds to the 

distance to the target. To interface with the SPOT microcontroller, a single I/O pin is 

used to trigger the PING))) sensor, and then the same pin is used to “listen” for the echo 

return pulse. The 5V requirement of the PING))) sensor poses an issue, as the GPIO pins 

on the SPOT are on 3V. We will deal with this by level shifting using pull-up resistors. 

 

The hardware connections are made as follows: 

1. Ground pin is connected to the GND pin of the SPOT’s sensor board 

2. 5V pin is connected to the +5V pin of the SPOT’s sensor board  

3. The signal pin is first connected to Sparkfun’s Logic Level Shifter board on the 

TX0 line (for bidirectional communication between different voltages). The signal 

pin from the sensor is connected on the “High Voltage” side, and then the “Low 

Voltage” pin on the shifter board is connected to the “D0” pin of the SPOT’s 

sensor board. 

 

To initially test the set-up we simply inserted the wires into the SPOT’s sensor board as 

shown below. 
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Figure 4 Connections on the SPOT 

 

The Level shifter board connections are shown below: 

 

 
Figure 5 Logic Level Shifter 

 

Finally, we soldered all our connections to the PING))) ultrasonic sensor, and the setup is 

shown below: 
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Figure 6 Fully connected sensor 

 

Since we wanted our sensors to work on a real street, we mounted the set up on a wooden 

board on top of a PVC pipe that could easily be installed on the side of the streets. The 

final result is shown in the images below: 

 
Figure 7 Ingress/Egress sensors 
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Figure 8 Mounted egress sensor 

 
Figure 9 Installed Sensor 
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4.1.3 Parallax Ultra sonic sensor theory of operation 

The PING))) sensor works by transmitting an ultrasonic burst and providing an output 

pulse that corresponds to the time required for the burst Echo to return to the sensor. By 

measuring the echo pulse width, the distance to target can easily be calculated. 

Figure 10 shows how the PING))) sensor sends a brief chirp with its ultrasonic speaker 

and makes it possible for the SPOT to measure the time it takes the echo to return to its 

ultrasonic microphone. Our SPOT starts by sending the PING))) sensor a pulse on the 

input pin (D0) to start the measurement. Then, the PING))) sensor chirps its 40 kHz tone. 

When the PING))) sensor detects the echo with its ultrasonic microphone, it changes that 

high signal back to low. The SPOT's getPulse command stores how long the high signal 

from the PING))) sensor lasted in a variable. The time measurement is how long it took 

sound to travel to the object and back. With this measurement, we then use the speed of 

sound in air to calculate the object's distance in inches.  

 

Figure 10 How the ultra sonic sensor works 

 

4.1.4 Distance measurement and vehicle detection 

The Java code deployed in SPOTs for detecting distance is fairly simple, and is shown 

below in Figure 11. 
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Figure 11 SPOT code that detects the distance 

Note that the EDemo board starts the pulse on the output pin D0 for 20 microseconds, 

and then sets the same pin, D0 to an input pin in the next line. It then waits to hear a pulse 

back on this pin and saves the time it took for the sonar to travel in the variable “pulsed”. 

Equipped with this information we simply use the scale to calculate the distance in 

inches. Finally, the SPOT sends out a datagram on a particular port and transmits the data 

to whoever is listening. Usually, it will hop to another SPOT, which will eventually 

transmit it to the base station. 

4.1.5 Velocity calculation 

Although by employing multiple ultrasonic sensors or by positioning the sensor in a 

particular manner (e.g., directly facing the approaching object) we can be very accurate in 

our velocity calculations, our limitations on the sensor position drove us to devise a less 

accurate method for calculating velocity that would still work for our purposes, 

nonetheless. To calculate the velocity, we took the average length of cars, which is, 

according to most sources, 4.12 meters or 162.204 inches. Equipped with this 
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information, our base-station would keep the time when the distance continuously 

measures in the range of 1 to 1.5 meters indicating that a car is passing through. Once the 

distance goes back to 0 (indicating no object in range), we know that the car has passed 

through. Now that we know the length of the car, and the time it took to pass, we simply 

calculate velocity by dividing the average length of car by the time it took to pass through 

our sensors. After doing controlled experiments and driving through our sensors, we 

found our calculated velocity to be pretty close to the actual speed of the car. To conduct 

this experiment, we placed the laptop connected to the base-station in the car while 

driving it in the range of the sensor. We then monitored the velocity reported on the 

laptop and compared it with what we had in our speedometer. The sample results are as 

follows: 

 

Sample Run Calculated Velocity 

(Kilometers/hour) 

Actual Velocity 

(Kilometers/hour) 

1 39.014 37 

2 38.238 35 

3 42.134 40 

4 45.021 43 

5 46.044 45 

Table 1 Calculated vs displayed speed on speedometer 

The above results make sense as our car (Honda Civic - 2006) is smaller in length than 

the average length of car used in our experiments. 

4.1.6 Multi-hop functionality 

The setup we used consisted of mounted sensor poles as shown in Figure 8 and 9 at the 

ingress and egress of the street segment. The base-station connected to the laptop was 

sitting at the window of our second floor apartment. While the ingress sensor was located 

within the range of our base-station, the egress sensor was out of range. To get its values, 

we simply deployed a SPOT that sits in between the egress sensor and the base-station. It 

receives the messages and then broadcasts them on the same port. Since this spot was in 
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range for both the egress sensor and the base-station, we were able to get the data from 

the far away egress sensor as well. 

4.1.7 Base-station Functions 

A base station is a Sun SPOT connected to a host machine using a USB and listens to the 

radio signals coming from the ingress and egress free range Sun SPOT deployed. It 

communicates by listening on port 37. Every free-range sun SPOT sensor, upon 

identifying a change in the distance values, sends its data to the base station. On receiving 

the distances in the range of 1 meter to 1.5 meters (thus making sure we are detecting a 

car and not a pedestrian walking in front of our sensor), our base-station waits until the 

distance on that particular sensor goes back to 0. It also keeps track of the time in 

milliseconds it took to go back to reporting 0. Given this time, and using the method 

described in section 4.1.6, the base-station calculates the velocity. Thus, our system not 

only detects that a car has passed but also calculates its velocity.  

Using the speed, the timestamp of the last detected car and the given length of the street 

segment, the base-station calculates the estimated time of exit for the vehicle assuming it 

maintains the same speed. Finally, the base station saves the estimated time of exit for the 

car, and the ingress sensor ID that detected the car in a MySQL database table. This is the 

te, estimated time of exit of the vehicle, as described in section 3.1. It is these times that 

are the basis of our queue based algorithm that would discern vehicles that are most 

likely still moving from the ones that are parked. 

Every time a record is inserted in the MySQL database when a car is detected on either 

ingress or egress sensor, a trigger is executed that updates the number of vehicles for the 

corresponding street segments, in a separate table, according to our parking algorithm in 

section 3.1. Note that this is the total number of vehicles found within the street segment 

at that point, not necessarily the ones that are parked. When the database is queried for 

available parking, this number is subtracted from the number of vehicles whose te is still 

in the future. The base-station implements the flow chart shown in the figure below. 
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    Ingress SPOT     Egress SPOT 

       Ingress or Egress? 

     1 m < d < 1.5 m      1 m < d < 1.5 m 

     lastDistance == 0 

lastDistance = d, lastTime = t 

     lastDistance == 0 

Calculate te, V 

     Maintenance 
mode? 

     C - cm >= P 

Parking? 

c = P + cm - 1 

Increment c, and insert te in 
the database 

lastDistance = 0 

   Yes 

     lastDistance == 0 

Increment c in the database 

lastDistance = d 

lastDistance = 0 

   Base-station 
SPOT 

     Free-range SPOTs send distance, d, timestamp, t, and their address 

    No car detected     No car detected 

    Ingress SPOT                 Egress SPOT 

Figure 12 Flowchart of the parking algorithm 
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4.1.8 Ingress vs Egress sensors 

We deploy the same code base for both ingress and egress SPOTs and keep it very 

simple. They continuously transmit the distance readings, along with their address, and 

timestamp, to the base-station. The base station calculates the velocity and estimated 

times of exit and inserts them into the database as seen in the flowchart in figure 12. The 

base-station knows the addresses of ingress and egress SPOTs and thus, is able to discern 

between the two SPOTs.  

4.1.9 Maintaining the Queue for each street segment 

To maintain the queue of exit timestamps for each vehicle as specified in section 3.1, we 

use the following two tables in the database: 

1. Vehicles: This table maintains a record for each passing vehicle, the address of 

the detecting SPOT, and its estimated time of exit for that particular street-

segment. 

2. StreetSegments: This table maintains one record per street segment, along with 

the latest counter, c, for that segment. Remember that c is not the number of cars 

parked, but the number of cars present in the street segment. 

By maintaining the data in the above two tables, our service is able to query all the 

vehicles in the “Vehicles” table that have their exit times in future for a given ingress 

sensor(s), and thus the value of cars that are moving, cm, can be determined. This value is 

then subtracted from the latest counter, c, for that street segment to find the total cars 

parked. Thus Parking, p, is: 

 p = c - cm 

At this point, all the vehicles with exit times in the past can be truncated. 

4.2 Hosting the parking web-service 

In order to modularize our implementation and have a clear separation of our parking 

estimation system and the applications that would use it, we implemented an 

interoperable “parking” web service that provides parking availability for any given street 

segment. We use this service to feed data to the Bing Map application that we developed 
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(section 4.3). The web service is exposed using the basic http protocol and is available 

over the web to subscribers. The subscribers can use this API, which currently contains 

only the method GetParking(int segmentId), where segment Id represents a street 

segment, and returns the number of parking space available. The service determines the 

parking as described in section 4.1.9. To access the web service, subscribers have to visit 

our services page as shown in the figure below: 

 

 

Figure 13 Parking service: Instruction page that shows the client how to use the service 

4.3 Building the Bing Map Application 

The free Bing Map App SDK provided by Microsoft provides an extensive API to write 

map-centric applications on top of the Bing Maps explore site located at 

bing.com/maps/explore/. We paid special attention to the user interface of our application 

that would provide the most rewarding experience for the user. We employed a UI layer 

of colored polylines on the map to sit on top of street segments to clearly demarcate the 

areas where parking space is available. This way the user can easily identify streets with 

available parking spots at a quick glance. We also made the map application to 
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automatically refresh itself periodically (every 2 seconds), and thus free up the user from 

the need to constantly refresh the view. 

 From a bird’s eye view, pushpins provide a good way to generally see the area for which 

the parking space information is provided. We start clearly seeing the line segments as 

the map is zoomed in close enough to the city level. We use the intuitive red, green, and 

yellow line segments to represent the parking space availability for a given street 

segment. Red and green segments mean no parking spots, and parking spaces are 

available, respectively. We introduce the yellow line segment, which means that a very 

low number of parking spots is left, and may be occupied quickly. This would help the 

users to make a more informed decision, and gauge their chances of actually finding a 

parking spot. In our prototype, we configured the threshold value of 3 parking spaces 

below which the line segment turns yellow. This value can be made dynamic if the traffic 

is known, which can easily be derived from the sensor readings (we will talk more about 

this in the future work section), and thus, the amount of traffic can be taken into account 

for assigning the yellow color to a street segment. 

We implemented visually appealing “pushpins” that sit at the middle of each street 

segment. Clicking, or hovering over these pushpins reveal the exact number of parking 

spaces available for that street. It also provides links for directions, and street view. 

 

  

 
 

4.3.1 Bing Map Application framework 

The Bing Maps explore site was built with extensibility as one of the main features. In 

that sense, a map app is a concrete feature that makes use of the building block services 
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provided by the core of Bing Maps. These include features such as driving directions, 

business search, location search, and street view that are provided by the core. We wrote 

our app on top of this framework and provided the Bing Map App framework a “dll” file 

of our application. Using dependency injection-style approach, the Bing Maps framework 

enables our application to have access to all the core functionality of Bing Maps. At the 

core of the framework is the concept of plug-ins. A plug-in is a unit of extensibility that 

allows developers to add features in a maintainable, decoupled way.  

We wrote our map app by creating a Silverlight 4 class library that contains exactly one 

subclass of the base Plugin class. Our plug-in class imports a number of built-in contracts 

that allow us access to various core services. Some of the built-in contracts we use are as 

follows: 

1. LayerManagerContract: Allows a plugin to add or remove map layers 

2. PushPinFactoryContract: Adds standard pushpins to the map 

3. PopupContract: Registers each entity to show a popup on hover 

4. MapContract: Allows us to zoom out to world view upon activation 

We then create our customized ParkingLayer, which is a sub-class of the Layer 

framework class. The parking layer allows us to place our entities, such as streetsegment 

(polylines) and ParkingEntity (pushpin), on the map and to show custom UI content on 

the left panel.  

4.3.2 Asynchronous update of maps (auto-refresh) 

We wanted to see an auto-refreshed map for two reasons: 

1. In case this map of live parking is being accessed from a mobile phone mounted 

on the dashboard of the car, it makes more sense for the map to auto-refresh 

similar to a GPS device. 

2. It helps us to exactly see the “live” nature of our application that depicts parking 

as it changes. This functionality will help us when evaluating some of the use 

cases we specified in section 3. 

Our map application calls the “RefreshMap” every second, which pings our webservice 

for the latest parking inventory. The following code snippet implements this: 
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Figure 14 Code snippet for map auto-refresh 

The key challenge was getting the synchronization contexts correct, so that the event 

refreshMap() that is thrown on a background thread was handled correctly in the UI 

thread. 
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5. Results and Evaluation 

5.1 Set-up 

Our setup consists of a street that has a total of 15 vertical parking spots on one end. To 

make sure that we are dealing with an open environment, the street is not on a dead-end 

and there is a consistent flow of through traffic. The street that will be monitored is 

shown in figure 15. 

 

 

Figure 15 General Set-up used 

Note the position of the ingress and egress sensors were changed as needed for a given 

use case. Figure 15 shown above gives an overview of our general setup and shows the 

parking spaces we monitored. With only two sensors, we are going to monitor 15 parking 

spaces. In practice, do note that we needed one more sensor for multi-hopping all the way 

to the base station, which sits on the window sill of our apartment (not shown).  We 

chose a street segment in downtown Austin in our map application, which will be 
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assumed to correspond to the street segment shown above. Following is what we see in 

our Bing Map App when no cars are parked. 

 

 

Figure 16 Parking Spots App showing green when parking is available 

Using this set-up we conducted a series of experiments to test all the use-cases described 

in section 3.1. In addition, we also test our self-stabilization algorithm in section 5.3. 

5.2 Use cases 

5.2.1 Busy streets where there is always through traffic (Baseline 

run) 

To simulate this environment, we drove our cars through the street back to back, and kept 

watching the parking app. We only had two cars to simulate this. But our experiment 

would be valid for multiple, and even back to back traffic. The point of interest for this 

use case was to see that even though both cars were in the street segments, but not 

parked, the parking app did not count those cars as being parked.  
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Sample runs Actual Parking Parking App when 2 

extra cars were en-

route 

Total cars in the 

street segment 

(moving and 

parked) 

1 6 6 8 

2 6 6 8 

3 6 6 8 

Table 2 Use Case 3: Busy street with continuous inflow of traffic 

As seen in Table 4 above, our algorithm works pretty well in our controlled experiment 

and avoids counting cars as parked if they are still moving. Obviously this was a 

controlled experiment, and the speeds of the cars were kept pretty constant, and so the 

prediction was close. 

5.2.2 Handling illegal U-turns 

As shown in Figure 2, the goal was to test a car that would come through one ingress 

sensor and make an illegal U-turn to exit out of another egress sensor. Since all egress 

sensors correspond to the same street segment, it really makes no difference which egress 

sensor the car was detected when exiting. We placed our ingress and egress sensors side 

by side, one for each outgoing lane to simulate this environment, and our results were as 

follows: 

 

Sample Runs Actual Parking Parking App 

1 3 3 

2 4 4 

Table 3 Use-Case 1: Handling illegal U-turns 

5.2.3 Street segments that end in a traffic light 

To simulate this, we conducted a controlled experiment where we had our 2 cars in the 

street segment, but not parked for five minutes. In this case, we expect that the street 
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segment would show incorrect parking for five minutes, and then once the cars go on 

green, the parking should go back to the correct parking. To make sure we monitor the 

app continuously, we carried the laptop in the car. The results are as follows: 

 

Sample Runs Actual Parking Parking App (on red) Parking App (on green) – after 

5 minutes 

1 6 8 6 

2 6 8 6 

3 6 8 6 

Table 4 Use Case 2: Street ending in a traffic light 

Note that the app shows that more parking spaces are taken when the light is red (cars are 

backed up but not parked). However, when we leave the parking app goes back to the 

correct count. This is a controlled experiment. It could very well be the case that the 

street segment turns red when the traffic light turns red, and thus, no cars are moving. 

However, technically, we would contend that during that time no parking is possible any 

way and the fact that the street segment turns green after 5 minutes is a clear indicator 

that the parking exists.   

5.2.4 Handling Traffic Jams and Emergency Vehicles 

As mentioned in section 3, this is just a special case of Use Case 2. In case of traffic jam, 

we simply expect the street segments to turn red. As for emergency vehicles, or any 

vehicles that are parked in the street segment, but are not technically parked, our 

algorithm will still consider them parked.  

5.2.5 Self-stabilization algorithm 

To test our self-stabilization algorithm, we arbitrarily set our parking counter to an 

incorrect number, and then flagged the street segment as being under maintenance in the 

database. This causes the base-station to kick in our self-stabilization algorithm for our 
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street segment. As described in section 3.2, our self-stabilization algorithm assumes that 

all the parking spots are taken (the user is no more notified of parking on this street 

segment). Then, any new parking is ignored if the application has parking full for the 

street segment. But, on exit, the parking is decremented accordingly. Eventually, the 

algorithm terminates when the parking approaches 0 or some low number (2 in our case). 

Following were our results for two sample runs. Both maintenances were started at 5 p.m.  

 

Sampl

e run 

Actual 

Parking at 

the start of 

maintenanc

e 

Start-time 

of 

maintenanc

e 

Terminatio

n time  of 

algorithm 

Total 

elapsed 

time for 

the 

algorith

m 

Actual cars 

parked at 

the end of 

maintenanc

e 

Cars 

Parked 

accordin

g to our 

app 

1 5 5:00 p.m. 6 a.m. 13 hours 4 2 

2 8 5:00 p.m. 7:30 a.m. 14.5 

hours 

3 2 

Table 5 Self-stabilization sample runs 

Our maintenance algorithm came pretty close, but it was not completely accurate. Also, 

we have an ideal environment for our street, as the parking is all taken during the night 

time, and in the morning almost all cars leave. If a street has a peak hour where all 

parking spots are taken, and then at some time in the near future, all cars are gone, then 

our stabilization algorithm would work. A particular case when it would not work very 

well is when the parking never gets full, as there would be no termination and the 

algorithm would simply time out. 
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6. Conclusion 

For this project, we successfully developed an embedded system using Sun SPOTs and 

Parallax ultra-sonic sensors. The base-station also saved detected vehicles and important 

data in a MySQL database on the laptop. We then created an interoperable web-service 

that was used by our Bing Map App. The Bing Map App was created so that the colored 

polylines on top of a street segment would refresh their colors based on the available 

parking real-time. We also used this set up real time on a street and evaluated the results 

of our algorithm. Our parking algorithm is perhaps the most important aspect of our 

project, as just by using the ingress and egress sensors, we are able to discern and 

estimate which cars are parked from those that may still be moving. The main advantage 

of this algorithm, as described in the introduction, is that we do not have to install a 

sensor per parking spot to equip an open environment with a parking monitoring system. 

Since our model is purely based on estimation of parking spots, it tends to be more 

flexible in changing environments where traffic rules may not be rigidly followed. 

Moreover, by requiring only the ingress and egress sensors, the amount of effort and cost 

can be reduced drastically.  
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7. Future Work 

We believe we have provided a solid framework in this project to build upon lots of 

refinement for future work. Here are a few items that can be refined or optimized: 

1. Vehicle detection: For our project, we simply use ultra-sonic sensors and assume 

that the only objects detected are vehicles. We did take into account pedestrians 

walking on the side-walk, but reality can be quite different. There can be many 

objects that may obstruct the sonar waves and disrupt our detection algorithm. As 

described in related work, there are various companies that have come up with 

different kinds of sensors to detect vehicles. The most promising seems to come 

from Libelium, which uses magnetic sensors to detect a parked vehicle. Also, 

several ultra-sonic sensors may be exploited to better discern the shape of a 

vehicle from other objects, and improve vehicle detection rates. 

2. A mobile app instead of a Bing Map App can be created to be used on hand held 

devices 

3. An alert service can be built based upon our web service that can alert a user if a 

parking space becomes available on the street segment of interest. 

4. Predictive probability based modeling can be done on the data collected on a 

particular street segment(s) or area, so that map directions can be complemented 

with the best streets for parking given the time of the visit.   
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