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ABSTRACT OF THE THESIS

TAG - Trip-Boxes for Automatic event Generation

by Janani Chandrasekaran

Thesis Director: Marco Gruteser

The increased use of location-aware mobile devices has given rise to a need to trigger ac-

tions at certain geographic locations. For example, when conducting outdoor vehicular

experiments, data frequently needs to be collected within one geographic region. The

data collection can be initiated manually, however, it is a tedious process and prone to

manual errors. Our framework is designed to use Global Positioning System location

updates to automatically trigger actions upon entering and leaving these geographic

zones. We mark these zones using trip-boxes, a rectangular box enclosing a geographi-

cal area with its orientation towards geographic north and east direction, which can be

defined in Google Earth and exported into the trip-box system. The system also uses

guard intervals to prevent repeated triggering of trip-boxes due to GPS oscillations.

In our evaluation, we experimentally determine the chances of skipping the Trip-Box

for a given speed, sampling rate of GPS and the length and the width parameters of

the Trip-Box. We conducted experiments for finding a suitable width of the Trip-Box

for speeds between 0 - 80mph and by varying sampling intervals from 1 - 5Hz. We

also determine the guard flags based on distance traveled and elapsed time calculated

after crossing the boundaries of the Trip-Box to prevent the repeated triggering of same

events. Evaluating experiments using a GPS with 5Hz sampling rate and a standard
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deviation of 7.5m for a 95 percent accuracy, our results show that on crossing a Trip-

Box of width 2m and length 28m is 95 percent reliable when the object moves with a

speed less than or equal 20mph.
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Chapter 1

Introduction

Advances in location based technologies has enabled a variety of interesting applications.

Some of these applications require activating events based on geographic location of

the object both for indoor and outdoor settings. For instance, Triggering the starting

and stopping actions for data collection as the vehicle approaches and leaves a certain

geographical location can significantly reduce the need for human intervention in this

process thereby enhancing driver’s safety. With the development of different vehicular

applications, there is a need for collecting enormous amounts of data under different

traffic conditions at various speeds both on the highways and city roads. This process

could involve acquiring data on specific road segments repeatedly over long periods of

time. Such repetition could become challenging since it requires the experimenter to be

proactive in starting and stopping the data acquisition process several times during the

drive. For example, halting in a highway traffic to initiate the data collection may cause

unnecessary traffic blocks and accidents. The automation technique that we propose

in this thesis would mitigate the dependency on the end-user to perform such actions

explicitly.

With the increasing useage of smart phones enabled with the GPS navigation sys-

tems, there is wide range of applications which require updates or event triggering upon

reaching certain geographical locations. Few examples of such applications are

• Advertising upon crossing a particular geographic location.

• Provide location-based warning to the users to give updates about environmental

conditions of a particular location.

• Automating the opening and closing of the barriers as the vehicle approaches the
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toll booths can eliminate long queues near the toll booths.

For all the above applications, there is a need to trigger some event as the desired

object gets closer to some geographic location. In this thesis, we propose the concept

of a Trip-Box for automating location based triggers and demonstrate its effectiveness

for the vehicular data collection application. Trip-box is a rectangular box enclosing a

geographical area with its orientation towards geographic north and east direction. We

can define Trip-Box on Google Earth and import it into the trip-box system to perform

specific action as the object enters or leaves the area enclosed by the defined trip-box.

In order to perform such location based task initiation, it becomes necessary to know

the current location of the object. There are several proposed techniques to determine

the location of the object outdoors. [16] can determine the location of a Wi-Fi enabled

device outdoors with a median error of 20m. [4] detects the location of a GSM enabled

cell phone outdoors with a median accuracy of 96m. Global Positioning System (GPS)

is the most common outdoor localization system with a location determination error in

the orders of a few meters. Thus, we choose the GPS system for location determination

and use the obtained location to automate events. However, even the small location

errors introduced by the GPS device can make the automation technique harder to

solve. For example, the location errors introduced by consecutive GPS measurements

can make the desired object appear within or outside the area enclosed by the trip-

box thereby erroneously starting and stopping the experimental data collection several

times. Here, in this work, we present the solutions to prevent such repeated event

triggers near the boundaries of the trip-box by initializing guard parameters.

In the literature we have seen several other techniques that were proposed to au-

tomate event triggers. For uploading traffic information to the server, the concept of

Virtual Trip-Line (VTL) [6] was proposed. The Trip-Line is a virtual line segment

drawn across the road to mark a geographic location. The idea of VTL is very much

similar to our method, however, it is necessary to define a start and a stop location

explicitly. Also in case of any deviation from the assumed path due to some hindrance

where the Trip-Line is undefined, the data collection process needs to be stopped ex-

plicitly by the end user. There are also chances of missing a Trip-Line when there is a
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deviation in the GPS readings. However, these problems can be overcome by enclosing

this geographical region as a box, where on entering this region would automate the

action of collecting the data and leaving this area would stop this process.

To summarize, we make the following contributions in this thesis:

1. We propose the concept of Virtual Trip-box which makes use of location updates

from the GPS device attached to the object for automating events.

2. We implement our system and demonstrate its effectiveness using real experiments

for the vehicular data collection application.

3. We also experimentally evaluate the Guard parameters to overcome the effects of

the errors introduced by the GPS system.

The rest of the thesis is organized as follows. Chapter 2 describes the related

techniques presented in the literature and provides its advantages and disadvantages

over the scheme proposed in this thesis. Chapter 3 presents our system requirements

and system architecture and explains in detail the Virtual Trip-Box detection algorithm.

In chapter 4, we describe the various experimental goals and state the procedure to

evaluate the different parameters. In the later part of this chapter, we provide a detailed

analysis of the our results. Conclusion and future work are described in the Chapter 5.
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Chapter 2

Related Work

Numerous applications have been developed, both for the indoor and outdoor settings,

based on the location updates. This includes applications such as access to a restricted

parking lot on approaching the barrier, triggering the opening of toll gates, facilitating

lab experiments on crossing a particular location, tracking systems that requires regular

location updates, security access to the doors of the buildings etc. Most of these appli-

cations require automatic triggering of event when the object crosses certain location.

With the proliferation of commodity smartphones equipped with GPS navigation sys-

tem opens up the attractive possibility of using position samples from drivers phones

for several location based applications. We, in this paper, propose the use of these

position samples from the driver’s phone in combination with the virtual trip-boxes for

the applications that require the automation of events.

2.1 Localization based techniques

Localization is the process of determining the location of a wireless device. Localization

modalities can vary from using Received Signal Strength to Time of Arrival to Angle of

Arrival, etc. Using RSS is the most common technique where the transmitter estimates

the signal strength from all the surrounding receivers and calculates its location using

the process of triangulation. Several localization techniques have been developed in the

past that can detect the location of GSM, Wifi, Zigbee or bluetooth enabled devices. We

will here discuss the accuracy limitations of such techniques and analyze its usefulness

for applications requiring location based event triggers.
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2.1.1 GSM for localization

The GSM-based localization which uses cell phone signals can be used for both indoor

and outdoor applications. It uses lesser battery power and [13] reports the median

accuracy for the GSM for indoor localization is about 4m. However the outdoor local-

ization has an accuracy of about 44m [8]. The poor accuracy outdoor makes the GSM

based systems unsuitable for automatic event triggers. In comparison, the GPS has a

higher accuracy of 10m [2] making it much more useful.

2.1.2 Wifi based localization

[3] [16] discuss different techniques to detect the location of wifi enabled devices. Dif-

ferent accuracies ranging from 1 - 10m have been reported in these papers. Placelab

[16] has studied the accuracy of wifi localization outdoors and the median reported

accuracy is 20 - 30m. Again, its accuracy limitation outdoors make wifi less useful for

applications requiring automated triggers based on locations.

2.1.3 Sensor Networks

The Boundary detection technique citied in paper[9] and the location tracking approach

discussed in MoteTrack [10] uses RF localization method in order to locate the moving

object. It uses a Zigbee Network for location estimation and the localization error

reported in [10] is about 3.9m. This scheme also requires a proper infrastructure set

up. In contrast the GPS based systems do not require any special infrastructure set

up.

2.2 Boundary Detection

The paper [9] describes the boundary detection scheme, where the target obtains its

location information by exchanging messages through becons. In order to reduce the

energy consumption, they use an adaptive sampling mechanism where the sampling rate

is adjusted based on the speed obtained from the accelerometer that is attached with the

target. When the target comes closer to the critical region the sampling rate is increased
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to obtain the exact location where as when the target is away from the boundary the

sampling rate is lowered. The scheme described here has an infrastructure set up and

used indoors where as our scheme, which obtains the location updates from the GPS

requires no infrastructure set up and can be used outdoors. This paper is concerned

about energy efficiency and hence has used adaptive sampling technique however, in

our method energy gets generated from the vehicular batteries and hence we use the

sampling rate of the GPS device.

2.3 Virtual Trip-Lines

The Virtual Trip-Line [6] uses a similar idea to our trip-box based solution. Trip-Line

are imaginary location on road which when crossed by the moving vehicle initiates a

communication from the phone to the central system with the following information

(carid, GPS location ). This paper discusses the traffic monitoring application where

a VTL database on the server side stores the trip-line’s GPS coordinates. The client

(mobile device) downloads the tripline location on its phone and sends an update to

the server whenever it crosses the trip-line. In order to get the traffic updates and the

speed estimate, the placement of the trip-lines is a major factor. The Virtual Tripline

paper proposes an even placement approach for placing the trip-lines and describes the

tripline spacing parameters and exclusion area for the privacy purposes. In contrast to

the tripline, trip-box is a collection of trip-lines placed in the form of rectangle. The

use of a box-like placement enables clustering of trip-lines which makes more sense for

applications that require explicit start or stop triggers on reaching certain geographical

region. In this work we discuss the use of trip-box for triggering events where on crossing

the one side of the rectangular box automates an event and the opposite side would

automate a different event.

The trip-box idea can also be used for applications which require the uploading

of information periodically to the central server as discussed in [6], [7], [17]. The [7]

and [17] uses an intermittent Wifi connection to up load the information to the central

server but the scheme proposed in the [6] is similar to our scheme where the information

is uploaded to the server only on crossing the tripline or the trip-box. The former ones
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cannot control when to send an update to the server, which could lead to heavy battery

drain. In contrast, our trip-boxes can define when to send the update to the central

server.

2.4 Applications requiring Automation Techniques

There are various applications which require automatic triggers such as opening of office

doors inside the building, opening and closing of the barriers in the parking lots and toll

booths, facilitating lab experiments etc. Here in this section we discuss the automation

techniques used for such applications and state its limitations.

2.4.1 Facilitate Data Collection

A great challenge is involved in collecting the huge amounts of data for performing the

lab experiments. The applications discussed in [5] and [11] there is a need to periodically

record the GPS and sensor informations. These papers initiate the recording of the

information manually, while this is feasible but its prone to manual error. It is necessary

for the driver to to stop driving everytime in order to start or stop the experiment or

the driver has to be accompanied by another person to perform this action. Overall,

this can be tedious. We on the other hand, can automate the periodic collection of the

data by defining the trip-boxes using Google Earth at appropriate geographic locations.

2.4.2 Automating barriers

[12],[14] explains how Radio Frequency IDentification (RFID) technology can be used

in parking barriers application. The RFID technology requires an RFID transmitter to

be embedded in front of the car to send a signal to the RFID reader for verification. On

receiving authentication from the RFID reader and it signals to lift the arm to let the

car to enter or leave the parking lot. In this technique there is no need for the driver to

explicitly initiate the opening of the barrier since the tag is detected as soon as it is in

close proximity to the barrier. But this also requires the car to slow down significantly

in order for the RFID reader to detect the RFID transmitter. Further modification or
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updation of the parking lot’s access control policy requires significant effort since this

is a decentralized system. Since the trip-box based solution proposed here gets GPS

location updates, it can trigger the opening of the parking arm as soon as the vehicle

enters the trip-box corresponding to the parking lot. This eliminates the need to slow

down the vehicle for entering the parking lot thereby reduces the traffic congestion

problem of waiting in front of the barriers. The updation in our technique becomes

simpler and with the software based solution changes can be incorporated easily.

2.4.3 Accessing doors inside buildings

[1] discusses the process of automating the access to the doors inside the building using

bluetooth technology. The users are equipped with a Grey phone which is bluetooth

enabled and the door to be accessed must be fitted with a bluetooth enabled computer.

When the user needs to access a particular door, the door that user needs to access

must be chosen from the list and a PIN has to be given as input. Otherwise it is also

possible to enable the bluetooth far away for example from the parking lot and when

the user along with the Grey phone comes to the proximity of the bluetooth range, it

would trigger the opening of the door. This technique which is similar to our system,

where it uses a bluetooth technology for performing access control while we use location

updates from the GPS to automate triggering of events.
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Chapter 3

System Design, Algorithm and Implementation

In this chapter we explain our system architecture and describe the Virtual Trip-Box

Detection Algorithm. We discuss the challenges we faced and present the solutions for

overcoming them. At last we give the implementation details of our system.

3.1 The Virtual Trip-Box Concept

In this thesis we propose the concept of Virtual Trip-Box for automating the events

based on geographic locations. A Virtual Trip-Box is a rectangular box that encloses a

geographical region and defined by the vertices of one of the diagonal GPS coordinates.

The area enclosing the trip-boxes can be separate or overlapping over one another. It

has its orientation of towards the geographic north and geographic east directions.

3.2 System Architecture

Figure 3.1: System Architecture
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Our system architecture is shown in the figure 3.1. The base of our system architec-

ture is the GPS receiver, as the working of the system depends on the signal received

from the GPS device. On connecting this GPS device we receives the information from

the visible satellites. The GPSD software reads information received from the GPS re-

ceiver and makes the data available for other applications. This provides the necessary

information about the current location such as latitude, longitude, speed, timestamps,

number of visible satellites etc. Our Virtual Trip-Box library reads the GPS informa-

tion passed by the GPSD daemon process and interprets the position of the object with

respect to the Trip-Box. On receiving the location updates after defining the place-

ment of the Virtual Trip-Box on Google Earth and including the trip-box library in the

user defined program, we invoke the detection of trip-boxes function from the Virtual

Trip-Box library.

3.3 Algorithm

3.3.1 Virtual Trip-Box Detection Algorithm

The Virtual Trip-Box detection gets input from the GPS receiver that is serially con-

nected to the PC and produces event triggers as output. On receiving the latitude and

longitude information of the object from the GPS, the location of the object is com-

pared with the coordinates of the vertices of all the registered trip-boxes to determine

the position of object with respect to each of the trip-boxes. We define four different

states of the object with reference to the trip-boxes. These are

• State-1: Entering the Trip-Box -The previous GPS coordinate is outside the Trip-

Box and the current GPS coordinate is inside the Trip-Box. In this state we

inititate the fin event which for data collection process starts collecting the data.

• State-2: Inside the Trip-Box - Both its previous GPS coordinate and current GPS

coordinate inside the Trip-Box. In this state we stay idle and just receive the next

available GPS coordinate.
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• State-3: Leaving the Trip-Box - The previous GPS coordinate is inside the Trip-

Box and current GPS coordinate is outside the Trip-Box. On leaving the Trip-Box

we trigger the fout function and in data collection process, it triggers the stopping

of this event.

• State-4: Outside the Trip-Box - Both the previous GPS coordinate and the current

GPS coordinate outside the Trip-Box. As we are already outside the Trip-Box

region, we do not initiate any event.

We refer State-1 as start state, State-3 as end state and State-2 and State-4 as inter-

mediate states. Figure 3.2 shows the state diagram based on the location of the object.

Figure 3.2: State Diagram for an object under motion

For instance, when the object is State-1, where previous state is outside the Trip-Box

and the current state is inside the Trip-Box as shown in 3.2, the function fin is trig-

gered. Similarly when the object is in State-3, where it has a previous state as inside

the Trip-Box and current state as outside the Trip-Box, fout function gets triggered.

When the object is in State-2 or State-4, the system waits for the next location update

from the GPS receiver.The above steps are repeated on receiving the location updates

from the GPS.

In this algorithm we store the previous and current state information of the object

as an entity of the Trip-Box. The state information includes the GPS coordinates,

timestamps and the location of the object in regards to each of the Trip-Box. Using

this recorded state information of the object and the current location updates from the

GPS, the algorithm initiates the event triggers. As shown in figure 3.3 we determine

the position of the object, by initially locating the object corresponding to the Trip-Box
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and check if the received coordinate is the first coordinate inside or outside the Trip-

Box, in which case we initiate the triggering of the fin or fout functions respectively

and update the current state information.

Figure 3.3: Flow Chart of Algorithm

The unexpected behavior of GPS device on consecutive GPS samples adds com-

plexity to the detection algorithm by causing unnecessary starting and stopping of

events. GPS device sporadically introduces a back and forth oscillations of the GPS

readings and hence we define Guard Distance and Guard Time for the Trip-Box to

eliminate repeated event triggers from the same Trip-Box. Guard Distance is defined



13

as a minimum distance that must be traveled after crossing the boundary and before

reaching the same Trip-Box. This parameter is essential to avoid triggering of same

event consecutively due to jumping of GPS coordinates, in particular when the vehicle

is traveling slowly while crossing the boundary of the Trip-Box. The Guard Distance

parameter also prevents the vehicle to travel in reverse direction upon entering or leav-

ing the Trip-Box and requires the object to travel a minimum guard distance inside or

outside the Trip-Box respectively. Similarly Guard Time is defined as a minimum time

that the vehicle must travel on entering or leaving of the Trip-Box before coming back

to the same edge of the Trip-Box. For instance, the vehicle stops for signal or a stop

sign and the boundary of the Trip-Box is closer to this location, there is a possibility

of accidental triggering of same events repeatedly. In order to avoid such exceptional

situations, we have defined a Guard Time. However, in our demonstration we used

Guard Distance parameter as it helped to solve our challenges faced in case of data

collection process. Guard Time can also be used when the average speed and the time

of travel within the Trip-Box is known.

3.4 Implementation Details

Our system consists of a Garmin 18-5Hz GPS device, which records five GPS readings

every second, a virtual trip-boxes which mark the geographical location defined on

Google Earth and a mobile node with one USB slot for connecting GPS.

3.4.1 Global Positioning System

Our Garmin 18-5Hz GPS device produces five location samples in one second. It is Wide

Area Augumentation System enabled and with the accuracy specified in the manual as

3m. It outputs location information as standard NMEA statements.

3.4.2 User Defined Program

The user level program is a simple ruby code, that needs to include the virtual library.

Our system is designed to handle multiple trip-boxes identified with unique id. We
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Figure 3.4: Creating Trip-Box using Google Earth

define these Virtual trip-boxes on Google Earth as shown in figure 3.4 and save the file.

As it might be difficult to draw a perfect rectangle hence we let the user to use Pushpins

to define the diagonal of the rectangular region to define the Trip-Box and register the

id of the Trip-Box and the vertices of the diagonal with the id of the pushpins. This

file, which is of XML file format, is exported to our Trip-Box library via user program.

From the trip-box library, we read this file from the beginning and search for name and

coordinates patterns, for identifying the Trip-Box id and its corresponding latitude and

longitude coordinates.

On initializing the Trip-Box with the id, we read the respective coordinates of the

Trip-Box from the file to register them. After registering the trip-boxes, the call returns

back to the user program, which then initiates the procedure for detecting the Virtual

trip-boxes. Here in the figure 3.5 we show the sample user code for using the Virtual

Trip-Box library. On waiting for specified interval of time, the virtual trip-box library,

returns the call back to the user program. In the absence of the GPS device, this

trip-box library returns an error message back to the user program.
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Figure 3.5: User Program

3.4.3 Virtual Trip-Box Library

Our software also parses the Google Earth file that is passed from the user program for

initializing and registering the trip-boxes. The Trip-Box is initialized as (id, ’Pushpin1’,

’Pushpin2’, fin, fout) where the id refers to the identifier of the Trip-Box, Pushpin1 and

Pushpin2 refers to the identifier of diagonal vertices of the rectangular box and fin and

fout are the functions associated with the Trip-Box. The fin and fout gets initiated

upon entering and leaving the Trip-Box respectively. The identifiers used for defining

the pushpins needs to be unique for all the defined trip-boxes. Use of Pushpins to

define the diagonal vertex of the rectangle reduces the effort of manually hardcoding

the coordinates and makes the system more dynamic and easier to use. Thus with

(x1,y1) and (x2,y2) as the vertices of the diagonal of the trip-box, the other two derived

vertices are (x1,y2) and (x2,y1) and hence the orientation of the Virtual Trip-Box is

towards the geographic north and geographic east.

The Guard Distance and Guard Time are estimated from recorded state information

of the object. We set the guard flags when the object is in start or end state and during

the intermediate states we reset these flags upon crossing the guard Distance and guard

Time. On receiving the current location update, we calculate the distance between the

stored state coordinates and the current GPS coordinates and determine the distance
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traveled after setting the guard flag. Similarly we calculate the elapsed time from the

current timestamps to the stored timestamps. The above procedure is followed for each

of the trip-boxes on receiving the location update. With the absence of GPS device the

system stops working.
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Chapter 4

Experimental Setup and Results

In our framework, we have used Global Positioning System for providing the location

updates and Virtually define Trip-Boxes as location markers. On using Garmin 18-

5Hz GPS, the challenges we faced includes the possibility of skipping the Trip-Box and

accidental repeated triggering of events upon crossing the boundary of the Trip-Box.

The former depends on the dimensions of the Trip-Box and the latter occurs due to

the unexpected behavior in the consecutive GPS samples. In this chapter we present

our experimental goals and describe the different experiments we performed in detail to

evaluate various parameters of the Trip-Box. Also we present solutions to resolve the

above mentioned problems and in the later part of the chapter, we discuss the results

obtained from the experiments we conducted.

4.1 Experimental Goals

This section briefly states the major experimental goals. These were

• To determine the probability of skipping the Trip-Box for a vehicle traveling at

different speeds using attributes of the Trip-Box.

• To find the effects of the GPS refresh rate on the necessary width parameter of

the Trip-Box.

• To determine the Guard Distance and Guard Time for a Trip-Box to prevent

triggering of same events on reaching the boundary of the Trip-Box.

• To calculate the accuracy of the GPS device.
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4.2 Data Acquisition

In order to perform different experiments we collected GPS traces over three different

roads at various speeds. These data collection includes the traces from inner roads,

with speed 20 - 30mph and on highways, with the speed varying approximately from

35mph to 75mph. The traces were collected on roads with minimum of two lanes and

by driving on either lanes of the road. We also acquired the GPS data continuously

for 48 hours by placing the GPS device connected to a node in a static location. From

the GPS device we collected the GPS device timestamps, latitude and longitude and

the speed of the object. For conducting experiments, we used the timestamps in epoch,

latitude and longitude in decimal and speed in mph. The same traces were repeatedly

used for performing different experiments by modifying the script.

4.3 Implementation details

The automation of the events depends on the speed of the object, the refresh rate of the

GPS and the parameters that define the Virtual Trip-Box. In this section we explain

our reasoning behind the various experimental parameters choices and elaborate our

experimental procedures.

4.3.1 Minimum Required Width and Length of the Trip-Box

On defining the Virtual-Trip-Box over a smaller segment of the road as shown in figure

4.1, such that on crossing the region enclosed by the Trip-Box, there is a chance of

skipping the Trip-Box due to the absence of any location estimates inside this region.

We evaluate two parameters that attribute to the probability of missing the Trip-Boxes

while driving at any speed. These are

• the width parameter, which is measured as a minimum distance between the

actual event trigger and the ideal position of the Trip-Box at different speeds.

• the length parameter, which is calculated as the minimum measure the Trip-Box

needs to be extended beyond the boundaries on either side of the road.
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Figure 4.1: A scenario of skipping the Trip-Box

Ideally, using the Detection of Virtual Trip-Box Algorithm, the minimum required

width of Trip-Box can be rounded off to zero on receiving GPS samples continuously.

But, on uing Garmin 18 - 5Hz GPS device for our system, we receive location updates

every 0.2s and when the target is under motion, it covers a small unit of distance in

between two consecutive GPS samples. As we know the distance traveled is directly

proportional to the speed of the object, this intermittent distance covered in between

two consecutive GPS samples increases with the increase in speed. Therefore, this

causes the consecutive GPS coordinates to get displaced by small units and hence leads

to the possibility of missing the Trip-Box in case if the width of the Trip-Box is less

than the intermitted distance traveled.

We analyze the effects of speed and sampling rate of GPS on the dimensions of

the Trip-Box. The width of the Trip-Box pertains to the horizontal error of the GPS

samples and the length refers to the vertical error of the GPS samples with respect to

the road. Horizontal error is the displacement of the GPS samples along the direction

of motion of the object and Vertical error is the deviation of GPS samples from the

road. As the horizontal error is affected with the change in the speed of the object and

sampling rate of GPS, hence we analyze the effects of speed and sampling rate on the

Width parameter of the Trip-Box.
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Figure 4.2: Calculating the Width of Trip-Box

In order not to miss a trip-box, the trip-box should have a minimum width equal

to the horizontal error of the GPS. Firstly we describe the experiment we performed

for analyzing the effects of speed on the minimum required width of the trip-box. For

evaluating the minimum necessary width of the Trip-Box, we carried out experiment on

a long stretch of a road of about 0.4 miles by defining six virtual Trip-Boxes each 25m

wide on Google Earth as shown in the figure 4.2. For analysis of Width we used the

traces acquired on both the highways and the urban roads. We calculate the minimum

width required by finding the perpendicular distance between the first GPS coordinate

that is located inside the Trip-Box and the ideal GPS coordinate that is located on edge

of the Trip-Box through which the vehicle enters the Trip-Box. For instance if the car

enters the Trip-Box through the side CD of the Trip-Box as shown in the figure 4.2, the

width is determined by calculating the perpendicular distance from CD to the point E.

We performed this experiment for different speeds varying from 10mph to 75mph to

obtain a relation between the speed and the minimum width of the Trip-Box.

We evaluate the minimum necessary length of the Trip-Box as the vertical displace-

ment of GPS coordinate from the road by calculating the perpendicular distance of the

GPS coordinates obtained from the traces to the median of the road. The experiments

were conducted by simulating it on the data set which was collected over a period of
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Figure 4.3: Scenario for missing Trip-Line

Figure 4.4: Measuring the Length of Trip-Box

30 days by driving on different lanes on the road. For evaluation of the length of the

Trip-Box we selected three reference locations as (x1,y), (x2,y) and (x3,y) along the

same longitude, such that, two points (x1,y) and (x3,y) were located on either side of

the boundaries of the road and one point (x2,y) corresponds to the median of the road

as shown in the figure 4.3. We measured the perpendicular distance between the GPS

coordinates from the traces to the median point of the road over a range of 0.0000250

on the either side of the longitude(y). We simulated this experiment on 0.4 miles road

using six such reference locations.

Using this experiment we also determine the chances of missing the Virtual Trip-

Line [6]. The detection of virtual trip-line depends on the GPS coordinates from the

GPS device along the direction of motion with respect to the Trip-Line. The detection
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of Virtual Trip-Line is determined using the intersection of line segments problem,

with Trip-Line as one line segment and the imaginary line joining the current and its

preceding GPS locations as the other line segment. It is likely that the Trip-Line is

missed, when the GPS coordinates fall parallel to the road such that there occurs no

intersection between the Trip-Line and the line joining the consecutive GPS locations.

Figure 4.4 illustrates this scenario, where the GPS coordinates fall at few distance from

one end of the Trip-Line, hence there is a possibility of missing a Trip-Line. However,

the procedure for evaluating the length of the Trip-Box can be applied to determine the

length of the Virtual Trip-Line in order to prevent the chances of missing the Trip-Line.

4.3.2 Sampling rate of GPS

As our system is dependent on the samples received from the GPS device, hence we

calculate the effects of the GPS refresh rate on the width parameter of the Trip-Box.

Using GPS device of 5Hz sampling rate, the experiments were conducted at six locations

along a 0.4miles segment of road. For analyzing the effects of GPS refresh rate, we varied

the sampling rate as 5Hz, 4Hz, 3Hz, 2Hz and 1Hz and calculated the perpendicular

distance of the actual GPS coordinates from the traces to the ideal position that is

located on the entrance or exit edge of the Trip-Box. For a 5Hz sampling rate we read

five GPS readings in one second and for 4Hz sampling rate we simulated the experiment

to miss every fifth GPS reading. Similarly for 3Hz, we simulated the experiment to read

three GPS coordinates and ignore the fourth and fifth readings and so on.

4.3.3 Guard Distance and Guard Time

Guard Distance is defined as a minimum distance that must be traveled by the object

upon crossing the Trip-Box, before reaching the same edge of the Trip-Box. This

parameter is essential because of the back and forth oscillation of the GPS coordinates.

For instance, when the vehicle is closer to the boundary of the Trip-Box, there is a

possibility that the same event gets triggered accidentally from the same Trip-Box due

to jumping of GPS coordinates in and out of the Trip-Box. Also when the traffic signal

or a stop sign coincides with the edge of the Trip-Box and the vehicle comes to a halt
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for the traffic sign, repetitive triggering of same event might occur. For preventing such

repeated event triggers from the same Trip-Box, we define guard distance. In order to

estimate the guard distance we use the traces that was collected by placing the GPS

in a static location and calculated the distance of all the GPS coordinates from a fixed

GPS coordinate. We repeated the experiment by changing the reference point every 1

second, 10 seconds, 60 seconds as the wait time closer to the stop sign or signal will be

for short interval of time. Guard Time depends on the speed of the object and time of

travel within the Trip-Box including the average waiting time for the signals. Further

with the same experiment we also evaluate the accuracy of the GPS device.

4.4 Results

In this section we analyze the results obtained by simulating the experiments on the

collected traces. We present the probability of crossing a Trip-Box for the given dimen-

sions. We also derive the relationship between the width of the Trip-Box and speed

of the vehicle and we analyze how the sampling rate affects the width of the Trip-

Box. Further we measure the minimum Guard distance required to prevent repeated

triggering of events.

4.4.1 Effects of Speed on the Width of the Trip-Box

Figure 4.5: Width of Trip-Box
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For evaluating the width of the Trip-Box, we calculate the perpendicular distance

between the ideal position located on the edge of the Trip-Box and the actual GPS

coordinates that causes the initiation of event triggers. The figure shows the Displace-

ment of GPS coordinate from the ideal position in m for different speeds(mph). From

the plot shown in figure 4.5 we are able to observe that as the speed increases from 0 to

80mph the distance between the GPS sample from the traces that triggers the events

and the ideal place where the triggering of event should occur also increases from 1m

to 14m. Thus from the above result we observe that with the increase in the speed,

the width of the Trip-Box needs to be increases to prevent the missing of Trip-Box.

The reason behind this behavior of increase in width is because for the given interval

of time, the distance covered by the object becomes large with the increase in speed.

Thus, when the speed increases the distance between the two consecutive GPS readings

becomes large within the given interval of time. Nevertheless, when the object moves

slowly, this difference in distance will be small and hence the minimum width required

is also small. However, there are few samples with lesser displacement from the edge

of the Trip-Box, this is due to the possibility of getting few GPS coordinates closer to

the edge of the Trip-Box.

Figure 4.6: For given width, the probability of traversing a Trip-Box

Using the above results we estimate the probability of finding the Trip-Box at differ-

ent speeds. Figure 4.6 plots the Probability of finding the Trip-Box against the width

of the Trip-Box for different range of speeds. From the figure 4.6 we are able to observe
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that, a vehicle traveling with the speed less than 20mph has a 95 percent probability of

crossing a Trip-Box of width 1m. Similarly, a vehicle traveling at a speed of 60mph has

a 95 percent probability of not missing the Trip-Box if its width is 13m. The curves for

speeds between 40-60mph and 60-80mph looks similar because the number of sample

points between 60-80mph is very less compared to 40-60mph as shown in the figure 4.5.

But as we can observe from the figure 4.5 the displacement of GPS samples from the

entry edge of Trip-Box for 60-80mph is higher than the 40-60mph.

4.4.2 Effects of Sampling rate of GPS on the Width of the Trip-Box

Figure 4.7: Effects of Sampling rate on the Width of Trip-Box

In order to understand the effects of sampling rate on the width of the Trip-Box,

we perform experiments by varying the sampling rate and calculate the perpendicular

distance from the one side of the Trip-Box, through which the car enters, to the first GPS

coordinate that falls inside the Trip-Box. This experiment is similar to the experiment

that we performed in section 4.4.1. In order to evaluate the effects of sampling rate,

we vary the sampling interval for a given interval of speed. The figure 4.7 shows the

scattered plot of the displacement of the GPS coordinate from the ideal position for

different drives at various speeds between 0 - 30mph, in a typical city driving. This

variation in the distance is observed because as the sampling rate decreases, the number

of GPS samples per second also decreases, therefore, on traveling with the same speed

the time taken between two consecutive GPS samples increases. With this increased
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time interval, the object covers a larger distance and hence with the lower sampling

rate, this displacement becomes higher. However, this distance can also be small, if we

receive the GPS information closer to the edge of the Trip-Box.

Figure 4.8: Probability of traversing a Trip-Box for a given width for different Sampling
rates

From the figure 4.8 we can observe that as the sampling rate increases, the accuracy

of GPS also increases and hence the distance from the ideal position becomes small

whereas for a lower sampling rate, the refresh rate of GPS device is slow and hence

affects the accuracy of GPS. When the accuracy of GPS readings is low then the

perpendicular distance from the ideal position is increased. Hence, in order to assure 95

percent accuracy of GPS with 5Hz sampling rate on a road with 30mph speed or less,

the width of Trip-Box has to be 3.5m, however for the same road with the sampling rate

of 2Hz, the width of the trip-box needs to be 5.5m for achieving a 90 percent accuracy.

Thus, if the sampling rate is less then width of the Trip-Box needs to be increased as

they are inversely proportional to each other.

4.4.3 Estimation of Length of the Trip-Box

For estimating the length of the Trip-Box we used the data that was collected over a

month along the 0.4 miles road. Length is computed as the displacement of the GPS

coordinates on either side of the road, from the center of the road as explained in the
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Figure 4.9: Evaluation of length of Trip-Box

experimental details section. Figure 4.9 plots a distribution where the negative sign

refers to the distance from the center line along geographic north and positive sign

denotes the distance from the center line alone geographic south direction. The car

traveled in both the directions and on right and left lanes and with the assumption of

average width of road with four lanes as 16m. The median of -4m denotes that the car

has traveled most of the times towards the south direction and in the left lane of the

road.

Figure 4.10: Probability of crossing the Trip-Box of given Length measured from the
center
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Using the above results we calculate the cumulative distribution function for finding

the extension length of the Trip-Box on either side of the road. The distance in x axis

denotes the extension required from the center of the road and the y axis shows the

probability of crossing the Trip-Box. From the Figure 4.10 we can infer that there is

a 95 percent probability of crossing a Trip-Box if the extension length of the trip-box

from the center is equal to 16m. Hence in order to ensure a 95 percent chances of

encountering a Trip-Box or Virtual Trip-Line, the minimum length needs to be 32m.

The -4m and +4m are the distance of the left lanes from the center of the road. With

the vehicle traveling in the left lane, there occurs a large increase in the value around

4m.

4.4.4 Estimation of Guard Parameters
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Figure 4.11: GPS Accuracy evaluation

The Guard Distance was evaluated by calculating the standard deviation of GPS

samples that were collected continuously for 2 days. We assumed a fixed GPS coordi-

nate for the location as the reference point and calculated the distance of all the GPS

coordinates from this reference point. As we are concerned about the short waiting
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time near the signals and stop signs, we varied the reference point every 1s, 10s, 60s,

48 hours and repeated the experiments again. For example, in case of 1s time interval,

with an assumption of receiving 5 samples per second, the first sample is initialized to

be the reference location and this is updated by 6th sample that was received during

the start of the next second. With time interval as 10s we change the reference location

with the newly updated position every 10s however for the fixed point experiment, we

used the first fixed location as the reference location. The variation in the distance

from the fixed reference point over the time period of 48 hours is shown in the figure

4.11.

Figure 4.12: Deviation of GPS samples calculated at different time intervals for 5min-
utes

As we can observe from the plot that there could be a maximum deviation of 75m

from this fixed location, however on varying this reference location every 1s, we observe

a maximum deviation of 40m. Figure 4.12 shows the deviation in the GPS coordinates

for 5 minutes, calculated by changing the reference point at different intervals. As we

can see for 1s variation, the displacement of consecutive GPS coordinates was almost

zero. However for the 10s interval, we were able to see a mean of about 1m. For a fixed

reference point, the mean is approximately 4.314m. So with the increase in the time

interval, the deviation from the reference coordinate becomes large.

We calculate the percentile rank of the distances of all the GPS coordinates from the

reference point in order to get the reliable measure of guard distance for different time
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intervals. The plot in the figure 4.13 shows the percentile rank along y axis against the

distance from reference position along the x axis. From this, we are able to infer that

about 95 percent of the data are below 8m for a fixed reference location, but on varying

reference location every 10s we observe that the 95 percent of the data are below 2.5m.

Figure 4.13: CDF of deviation of GPS on changing the reference point at different
intervals

If the signal coincides with the boundary line of the Trip-Box, the waiting time

might 60seconds, hence for a 95 percent chance of not initiating the same event, we

will require a guard distance of approximately 6m. Therefore a guard distance of 3m

and a guard time of 10s can ensure 90 percent reliability of not triggering the same

event of the Trip-Box. In other words, after the vehicle exists a Trip-Box, it has to

travel at least for 10 seconds with a minimum distance of 3m before entering the same

trip-box.
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Chapter 5

Conclusion and Future Work

In this work, we proposed the idea of the Virtual Trip-Box for automating events.

Specifically, we demonstrated the effectiveness of Virtual Trip-Box for automating

data collection for vehicular experiments upon reaching a specific geographic location.

Through long term experiments, we found out that using a GPS with 5Hz sampling

interval for data collection on highways with four lanes and speed limit between 40-

60mph the length and the width of the trip-box needs to be 28m and 13m respectively

in order to achieve 95 percent accuracy. The width of the Tripbox is approximately

2m for local roads with speed limits between 0-20mph. In addition to the size of the

trip-box, we also showed the need for guard parameters in order to compensate for the

GPS errors. We found that the typical guard distance to minimize the effects of GPS

oscillations on the vehicular data collection experiment, when the vehicle is halting for

60s closer to the boundary is 6m for achieving 99 percent accuracy. Finally, we also

experimentally estimated our GPS errors and found that the median GPS error was

9m.

We are currently extending the concept of Virtual Trip-Box to Virtual Trip-Polygon

where the number of edges used to define the boundary for event triggers is unre-

stricted. The advantage of doing this is that we could define the boundaries with much

higher precision. We are also currently integrating the Virtual Trip-Polygon with the

ORBIT[15] OMF interface in order to be able to configure the ORBIT mobile nodes

for experimental data collection through the ORBIT OMF interface.
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