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1. Introduction
Abstract:Parking problems are commonplace in most major cities. The limited availability of parking results in traffic

2. AReview of Smart congestion, air pollution as well as driver frustration. The... View more

Parking Systems

>
3. Problem Settings for Metadata
Application of WSNs to Abstract:
Monitoring Parking Parking problems are commonplace in most major cities. The limited availability of parking results in traffic congestion,
Garages air pollution as well as driver frustration. The price for parking expansion is usually prohibitive or extremely high.

Recently researchers turned to applying technologies for efficient parking management. In our previous work, we have
developed an optical wireless sensor network (WSN) for traffic monitoring. We have demonstrated our system to the
public in several exhibitions. It is realized that this simple invention could be applied to monitor vehicles in a parking

4. Conclusions

Authors garage. The system can then inform drivers of the number of available parking spaces and in which area should they
be directed to. This kind of system should avoid driver's frustration in trying endlessly to find a parking space in a
Figures crowded parking garage. This paper describes our work to modify our original WSN and applies it to parking garages.
Problems associated to applying our original WSN to parking garage are explained, and solutions are proposed
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SECTION 1.
Introduction

Parking problems are commonplace in most major cities. The limited availability of parking results
in traffic congestion, air pollution, as well as driver frustration. The price for parking expansion is
usually prohibitive or extremely high. Smart parking is a parking garage that utilizes various
technologies to efficiently manage the garage. Since early 1970s, smart parking have been
implemented throughout Europe, the United Kingdom and Japan. Early systems displayed to
drivers parking information such as the availability status and/or the number of available spaces.
This system is still widely used today and becomes a necessary part of new parking garages in major
cities. More complex smart parking incorporates more advanced technologies to serve customers of
different needs [3]. For example, parking garages in large shopping complexes can direct customers
to available spaces close to where they want to shop. While at the same time some parking garages
can employ security measures such as collecting vehicle's license plate and verifying it when
checking out. Smart payment systems such as smart meters, smart cards, mobile communications
and e-parking may also be incorporated. Park and ride facilities may also display real time
information on the departure and arrival time of the next bus or train, in addition to parking
availability. Such system will encourage high-way commuters exploiting public transportation. In a
broadest and simplest sense, smart parking permits an optimization of existing parking spaces in
order to best satisfy the customers' needs. To name a few, these include minimizing the time that
customers spend on trying to find a parking space, provide real-time information on parking spaces,
and provide smart payment options.

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

The recent researches on the automatic berthing control problems have used v.
such as expert system, fuzzy logic controllers and artificial neural network (AN
one of the most effective and attractive options. In a marine context, the berthi
procedure in which both human experience and intensive control operations a:
berthing operation, auxiliary devices are used to make the schedule safer and f
taken into account. In this study, ANN is applied to design the controllers for at
devices such as bow thruster and tug. Using back-propagation algorithm, we tr.
get a minimal error between output values and desired values of four control o
revolution, bow thruster and tug. Then, computer simulations of automatic ber
effecttiveness of the system. The results of the simulations showed good perfor
control system.
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Abstract
Mi, C,; Shen, Y;; Mi, W., and Huang, Y., 2015. Ship identification algorithm based on 3D point cloud for automated ship loader.

With the development of bulk port automation, the ship loader as the main quayside machine of bulk terminal is required for transformation from manual operation
to automation. The ship identification method is a key inspection technique for automated ship loaders. In this paper, a fast ship identification algorithm was
formulated based on the 3D point cloud of the ship, as generated by the Laser Measurement Systems (LMS) mounted on the ship loader. To meet the requirement of
real-time computing for the automated ship loader, the 3D point cloud was first processed to reduce its dimensions from 3D point cloud into a 2D image. A projeagﬁ
method was then applied to locate and identify all bulk cargo holds in the ship. Finally, a group of experiments on ship identification was conducted using this  ¢|p
algorithm in the Coal Terminal of Tianjin Port. The results showed that the computing time for a whole ship was lower than 200 ms and the error of the algorithm was

lower than 10%, meeting the requirement of automated ship loaders.
© 2015 Coastal Education and Research Foundation
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The Journal of Coastal Research (JCR) is one of the leading international journals for coastal studies and
is officially published bi-monthly by the Coastal Education & Research Foundation (CERF). By covering
the entire field of coastal research [e.g., geology, biology, ecology, geomorphology, physical geography,
climate change, littoral oceanography, hydrography, sea-level change, coastal hydraulics, environmental
(resource) management (law), coastal engineering, remote sensing, socio-economic topics, etc.], the JCR
encompasses all subjects relevant to natural and engineered environments (freshwater, brackish, or
marine) and the protection/management of their resources in the vicinity of coastlines of the world. Even
though the journal broadly focuses on immediate shoreline zones, the JCR also embraces those coastal
environments that either reach some indefinite distance inland or that extend seaward beyond the outer
margins of the sublittoral (neritic) zone. The JCR disseminates accurate information to both the public and
research specialists around the world on all aspects of coastal issues in an effort to maintain or improve
the quality of our planet's shoreline resources. The JCR is currently surveyed in the BioOne Complete
Collection; Google Scholar; SCOPUS (Elsevier); JSTOR; EBSCO; ProQuest; Charlesworth; BIOSIS Previews
(Web of Science); Zoological Record (Web of Science); Biological Abstracts (Web of Science); Cabells
Scholarly Analytics (Journalytics); Chemical Abstracts Service (CAS); Gale Group (Gale/Cengage Learning);

Copyright Clearance Center, Inc. (CCC); Scimago; and the Scubavox Conservation Database.

The Coastal Education and Research Foundation (CERF) is a nonprofit research society dedicated to the
advancement of the coastal sciences and serves as the official publisher of the international Journal of
Coastal Research (JCR). CERF-JCR is devoted to the multidisciplinary study of complex problems related to
the coastal zone and is the founding organization of the International Coastal Symposium (ICS). Our
purpose is to help in the translation and interpretation of coastal issues for the public and to assist
professional and academic research programs by supporting and encouraging field and laboratory studies
Skivattottsimetiorenfand global basis. Through printed scientific publications, current online content, and
renowned international conferences, CERF-JCR brings accurate information to both the public and

researchers alike on all aspects of coastal issues in an effort to maintain and improve the quality of
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shoreline resources.

The International Coastal Symposium (ICS) was originally created by Per Bruun (deceased) and Charles W.
Finkl as the official meeting of the Coastal Education and Research Foundation (CERF) and the Journal of
Coastal Research (JCR), with one of the first meetings being held in Hilton Head, South Carolina, in 1993.
After the repeated success of these meetings, CERF-JCR moved the ICS to an international platform by
holding these conferences in conjunction with local sponsors in the United States, Argentina, Australia,
Brazil, Denmark, England, Iceland, New Zealand, Northern Ireland, Poland, Portugal, Spain, and South
Korea. The ICS brings together delegates from all over the world to collaborate and discuss the most
current coastal research studies and projects. During the ICS 2014, which was held in Durban, South Africa,

a grand celebration took place to mark the 30th Anniversary of CERF and the JCR.

For more information, please visit: https://www.cerf-jcr.org/

Skip to Main Content
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Data Fusion Techniques for Object Identification in

Airport Environment 201/-01-2109

Airport environments consist of several moving objects both in the air and on
the ground. In air moving objects include aircraft, UAVs and birds etc. On ground
moving objects include aircraft, ground vehicles and ground personnel etc.
Detecting, classifying, identifying and tracking these objects are necessary for
avoiding collisions in all environmental situations. Multiple sensors need to be
employed for capturing the object shape and position from multiple directions.
Data from these sensors are combined and processed for object identification.

In current scenario, there is no comprehensive traffic monitoring system that
uses multisensor data for monitoring in all the airport areas. In this paper, for
explanation purposes, a hypothetical airport traffic monitoring system is
presumed that uses multiple sensors for avoiding collisions. The referenced
system employs multiple types of sensors for object data collection in different
situations, wherein the collected multi object data is combined to classify and
identify the objects, and identified objects are accurately tracked for collision
prediction.

This paper discusses a data fusion model of multisensor data for object
identification in an airport environment to allow the traffic monitoring system to
determine the shape, type and position of an object. As a future scope of this
paper, the object shape, type and position data from the object identification
stage is provided as input to the next stage in the airport traffic monitoring
system to track the object movements for collision prediction. Multiple type
sensors are arranged in different configurations such as complementary,
competitive and cooperative arrangements. Data from these sensors is
combined for object detection and identification. Optimal fusion model and
object model mapping algorithms are discussed for the object identification
purpose. A case study of the competitive sensor data fusion is also discussed in
this paper.
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Abstract

Team Cornell's Skynet is an autonomous Chevrolet Tahoe built to compete in the 2007 DARPA Urban Challenge.
Skynet consists of many unique subsystems, including actuation and power distribution designed in-house, a
tightly coupled attitude and position estimator, a novel obstacle detection and tracking system, a system for
augmenting position estimates with vision-based detection algorithms, a path planner based on physical vehicle
constraints and a nonlinear optimization routine, and a state-based reasoning agent for obeying traffic laws. This
paper describes these subsystems in detail before discussing the system's overall performance in the National
Qualifying Event and the Urban Challenge. Logged data recorded at the National Qualifying Event and the Urban
Challenge are presented and used to analyze the system's performance. © 2008 Wiley Periodicals, Inc.
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Abstract—Current procedures for conventional and
remote airport ground control still rely on the direct
(camera-) view. Despite further support by different
Radar applications occasional shortcomings in the
awareness of the responsible controllers may occur,
particularly under adverse weather conditions, giving
rise to capacity backlogs, incidents and accidents. As
Laser scanners and computer vision algorithms have
reached new performance levels in recent years, we
proposed a novel concept for complete and
independent airport apron surveillance based on
LiDAR 3D point data. In this paper we extend our
object detection/segmentation technique by addressing
object classification in LIDAR 3D scans. We hereby
enable LiDAR’s unique capability to classify non-
cooperative objects by means of a single sensor and
learned model knowledge. Our technique was able to
classify and to estimate the poses of an Airbus
A319-100 and a Boeing B737-700 parked on the airport
apron. In the future we will enhance our classification
technique to a wider range of objects including moving
ground vehicles and pedestrians.

Keywords- LiDAR, Laser scanning, 3D point cloud,
airport ground surveillance, apron control, aircraft
classification, pose estimation

1. INTRODUCTION

Airport ground operations are considered to be
significant risk drivers in the aviation sector.
Especially the actions that take place on the apron,
which is in fact an unstructured working
environment with a large variety of objects,
substantially contribute to the operational risk.
Additionally, various activities of moving aircraft,
vehicles, equipment and personnel on a limited
space turn the apron into a complex and dynamic
system [1] [2] that lends itself to accidents and
incidents [3] [4] creating a measurably high risk
environment.

We would like to thank the DFG (German Research Foundation) most
sincerely for funding the research presented in this paper (FR 2440/4-1).

Current legacy procedures for apron control rely on
the direct view. This principle, however, depends on
weather/lighting conditions, resolution limits and the
unobstructed line-of-sight. While typical support
systems like non-cooperative ground Radar (X and
Ku-band) and video cameras are subject to the same
or similar conditions, cooperative sensors like
Secondary Surveillance Radar (SSR) lack of the
capability to detect passive objects like safety-
critical foreign object debris (FOD).

Concluding, both the apron’s unique characteristics
and (temporary) limitations in the surveillance
capabilities inevitably impact the situational
awareness of all apron operators. The authors expect
the resulting contribution to risk highest in the case
of degraded situational awareness' at the apron
control unit, since it is the overall authority to create
and maintain operational safety on the apron.

Motivated by improving the safety level of apron
operations  beyond  current  targets  (e.g.
ICAO A-SMGCS target level of safety [5]), we aim
at strengthening the situational awareness of
tomorrow’s apron control through the first-time
provision of three dimensional (3D) data from an
independent sensor source.

As laid down in our concept studies in [6] [7], our
research approach foresees the development and
implementation of a point cloud-based surveillance
solution with the capability to recognize present or
even emerging hazardous situations by using pattern
recognition methods. Assuming that this post-
processed 3D point cloud data is provided to the
apron controller on an additional screen, he should

! Endsley [18] defines situational awareness as “perception of the
elements in the environment within a volume of time and space,
the comprehension of their meaning and the projection of their
status in the near future”.
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Organisation

The German Institute for Navigation was founded in 1951. From
our Bonn office we manage an international network of
members and organize conferences of national and
international importance every year. You can find out more
about our activities and staff at "About us" and "Conferences".

Commissions and technical committees

The DGON is organised into three commissions and five
technical committees, each of which is up to date and regularly
organises conferences and symposia for their specialist fields.
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The commissions are divided into the Air Traffic and General
Aviation Navigation Commission, the Maritime Traffic and
Navigation Commission, and the Terrestrial Traffic and Vehicle
Navigation Commission. On the scientific side, our five technical
committees (Radar Technology Committee, Gyro Technology
Committee, Satellite Navigation Committee, Traffic Telematics
Committee and Underwater detection, navigation and
communication) complete our organisation.

Announcements / Information

Deutsche Gesellschaft fir Ortung und Navigation (DGON) e.V.
-German Institute of Navigation-

Kolnstrasse 70
53111 Bonn
Germany
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Introducing lidar point cloud-based object classification for safer apron operations
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View for Safety-critical Airport Operations
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Pose estimation has been studied since the early days of computer vision. The task of object
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Abstract:

A novel-tracking algorithm is presented as a computationally feasible, real-time solution to the joint estimation problem
of data assignment and dynamic obstacle tracking from a potentially moving robotic platform. The algorithm
implements a Rao-Blackwellized particle filter (RBPF) to factorize the joint estimation problem into 1) a data
assignment problem solved via particle filter and 2) a multiple dynamic obstacle-tracking problem solved with efficient
parametric filters. The parametric filters make use of a new target representation and stable features developed
specifically for tracking full-size vehicles in a dense traffic environment. The algorithm is validated in real time, both in
controlled experiments with full-size robotic vehicles and on data collected at the 2007 Defense Advanced Research
Projects Agency (DARPA) Urban Challenge.
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SECTION 1.
Introduction

Modern autonomous mobile robots operating at human scales of size face the significant challenge
to perceive and understand the dynamic environment in which they (and we) interact. Fielded
solutions to this perception problem must be both accurate and robust, as robotic failures in a
human-populated operating environment can rapidly lead to disaster. The danger is particularly
acute for full-size robotic vehicles, where tracking accidents and traffic accidents are separated only
by a thin layer of actuators. Although better sensing hardware can improve perception of the
current scene, autonomous systems benefit more from mitigating perception errors before they
happen. The problem is, therefore, approached in the predictive language of data fusion, model-
based estimation, and probabilistic analysis.

Historically, mobile robot dynamic obstacle-tracking techniques resemble the estimation
techniques of classical target tracking. These approaches estimate the probability density function
of a target's state, i.e., a vector of random variables that evolve according to a model of the target's
dynamics. The target's probability density is then occasionally updated with measurements taken
from one or more noisy sensors. The framework extends naturally to track multiple targets, where
the goal is to estimate the joint probability density across all target states. If the pairings between
measurements and targets are known, the tracking problem is commonly solved with a traditional
Kalman filter (KF) or one of its variants [1].

With unknown measurement/target pairings, both the measurement correspondences and the
target states must be estimated simultaneously. This is an instance of the well-known data
assignment problem, which is also called the correspondence problem or the data association
problem [2]. Since the problem's exact solution is intractable, a vast array of approximations have
been investigated. These approximations include simple nearest neighbor matching schemes (the
maximum likelihood approach) [2], global nearest neighbor matching schemes (the joint
compatibility test) [3], one- and multistep approximations when marginalizing out data
assignments (the joint probabilistic data association filter and multiple hypothesis tracking
schemes) [2] [4], [5], and even Monte Carlo approximations to either the full-joint target state
density or just to the data assignments (particle filters, Markov chain Monte Carlo (MCMC)
techniques, Rao—Blackwellized particle filters (RBPFs), and the probabilistic hypothesis density
filter) [6]- [10].

Although elegant in their Bayesian formulation, these classical-tracking approaches assume the
tracked targets to be point objects. This approximation is reasonable for long-range-tracking
scenarios, such as air, sea, or space traffic monitoring, where the targets are significantly smaller
than sensor error at the ranges of interest. The approximation breaks down in many robotics
applications, however, where the targets are nearby obstacles or landmarks. The approximation is
particularly bad for human-scale robotics applications, where the robot may need to maneuver
within a meter or two of large obstacles, such as cars and buildings. Furthermore, typical sensors,
such as laser rangefinders, radars, and optical cameras, have errors that are only a small fraction of
the width of these obstacles.

The breakdown of the point-obstacle assumption yields two significant challenges not addressed in
target-tracking literature. First, the data assignment problem becomes more difficult, because the
observed shapes of obstacles change rapidly at close range. Second, the obstacles cannot be
estimated as point objects. One common ad hoc approach uses a feature extraction algorithm to
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Abstract:

A novel-tracking algorithm is presented as a computationally feasible, real-time solution to the joint estimation problem
of data assignment and dynamic obstacle tracking from a potentially moving robotic platform. The algorithm
implements a Rao-Blackwellized particle filter (RBPF) to factorize the joint estimation problem into 1) a data
assignment problem solved via particle filter and 2) a multiple dynamic obstacle-tracking problem solved with efficient
parametric filters. The parametric filters make use of a new target representation and stable features developed
specifically for tracking full-size vehicles in a dense traffic environment. The algorithm is validated in real time, both in
controlled experiments with full-size robotic vehicles and on data collected at the 2007 Defense Advanced Research
Projects Agency (DARPA) Urban Challenge.

Published in: IEEE Transactions on Robotics ( Volume: 27 , Issue: 1, February 2011)

Page(s): 29 - 46 DOI: 10.1109/TR0.2010.2085490

Ex. 1033 — Safegate Supplemental Evidence
Safegate v. Honeywell — PGR2023-00053
Page 34


http://www.ieee.org.proxy.library.cornell.edu/
http://www.ieee.org.proxy.library.cornell.edu/
http://www.ieee.org.proxy.library.cornell.edu/
http://www.ieee.org.proxy.library.cornell.edu/
http://www.ieee.org.proxy.library.cornell.edu/
http://www.ieee.org.proxy.library.cornell.edu/
http://www.ieee.org.proxy.library.cornell.edu/
http://www.ieee.org.proxy.library.cornell.edu/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
http://standards.ieee.org.proxy.library.cornell.edu/
http://standards.ieee.org.proxy.library.cornell.edu/
http://standards.ieee.org.proxy.library.cornell.edu/
http://standards.ieee.org.proxy.library.cornell.edu/
http://standards.ieee.org.proxy.library.cornell.edu/
http://standards.ieee.org.proxy.library.cornell.edu/
http://standards.ieee.org.proxy.library.cornell.edu/
http://standards.ieee.org.proxy.library.cornell.edu/
http://spectrum.ieee.org.proxy.library.cornell.edu/
http://spectrum.ieee.org.proxy.library.cornell.edu/
http://spectrum.ieee.org.proxy.library.cornell.edu/
http://spectrum.ieee.org.proxy.library.cornell.edu/
http://spectrum.ieee.org.proxy.library.cornell.edu/
http://spectrum.ieee.org.proxy.library.cornell.edu/
http://spectrum.ieee.org.proxy.library.cornell.edu/
http://spectrum.ieee.org.proxy.library.cornell.edu/
http://www.ieee.org.proxy.library.cornell.edu/sitemap.html
http://www.ieee.org.proxy.library.cornell.edu/sitemap.html
http://www.ieee.org.proxy.library.cornell.edu/sitemap.html
http://www.ieee.org.proxy.library.cornell.edu/sitemap.html
http://www.ieee.org.proxy.library.cornell.edu/sitemap.html
http://www.ieee.org.proxy.library.cornell.edu/sitemap.html
http://www.ieee.org.proxy.library.cornell.edu/sitemap.html
http://www.ieee.org.proxy.library.cornell.edu/sitemap.html
https://ieeexplore-ieee-org.proxy.library.cornell.edu/browse/periodicals/title/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/browse/periodicals/title/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/browse/periodicals/title/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/browse/periodicals/title/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/browse/periodicals/title/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/browse/periodicals/title/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/browse/periodicals/title/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/browse/periodicals/title/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272032800
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272032800
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272032800
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272032800
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272032800
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272032800
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272032800
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272032800
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272971700
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272971700
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272971700
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272971700
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272971700
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272971700
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272971700
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37272971700
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37282924900
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37282924900
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37282924900
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37282924900
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37282924900
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37282924900
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37282924900
https://ieeexplore-ieee-org.proxy.library.cornell.edu/author/37282924900
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://www-ieee-org.proxy.library.cornell.edu/give
https://www-ieee-org.proxy.library.cornell.edu/give
https://www-ieee-org.proxy.library.cornell.edu/give
https://www-ieee-org.proxy.library.cornell.edu/give
https://www-ieee-org.proxy.library.cornell.edu/give
https://www-ieee-org.proxy.library.cornell.edu/give
https://www-ieee-org.proxy.library.cornell.edu/give
https://www-ieee-org.proxy.library.cornell.edu/give
https://www-ieee-org.proxy.library.cornell.edu/cart/public/myCart/page.html?refSite=https://ieeexplore-ieee-org.proxy.library.cornell.edu&refSiteName=IEEE%20Xplore
https://www-ieee-org.proxy.library.cornell.edu/cart/public/myCart/page.html?refSite=https://ieeexplore-ieee-org.proxy.library.cornell.edu&refSiteName=IEEE%20Xplore
https://www-ieee-org.proxy.library.cornell.edu/cart/public/myCart/page.html?refSite=https://ieeexplore-ieee-org.proxy.library.cornell.edu&refSiteName=IEEE%20Xplore
https://www-ieee-org.proxy.library.cornell.edu/cart/public/myCart/page.html?refSite=https://ieeexplore-ieee-org.proxy.library.cornell.edu&refSiteName=IEEE%20Xplore
https://www-ieee-org.proxy.library.cornell.edu/cart/public/myCart/page.html?refSite=https://ieeexplore-ieee-org.proxy.library.cornell.edu&refSiteName=IEEE%20Xplore
https://www-ieee-org.proxy.library.cornell.edu/cart/public/myCart/page.html?refSite=https://ieeexplore-ieee-org.proxy.library.cornell.edu&refSiteName=IEEE%20Xplore
https://www-ieee-org.proxy.library.cornell.edu/cart/public/myCart/page.html?refSite=https://ieeexplore-ieee-org.proxy.library.cornell.edu&refSiteName=IEEE%20Xplore
https://www-ieee-org.proxy.library.cornell.edu/cart/public/myCart/page.html?refSite=https://ieeexplore-ieee-org.proxy.library.cornell.edu&refSiteName=IEEE%20Xplore
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://www-ieee-org.proxy.library.cornell.edu/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore-ieee-org.proxy.library.cornell.edu%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/searchresult.jsp?contentType=all&filter=-ContentType%20EQ%20%22Newsletters%22&queryText=Efficient%20Unbiased%20Tracking%20of%20Multiple%20Dynamic%20Obstacles%20Under%20Large%20Viewpoint%20Changes
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/searchresult.jsp?contentType=all&filter=-ContentType%20EQ%20%22Newsletters%22&queryText=Efficient%20Unbiased%20Tracking%20of%20Multiple%20Dynamic%20Obstacles%20Under%20Large%20Viewpoint%20Changes
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/searchresult.jsp?contentType=all&filter=-ContentType%20EQ%20%22Newsletters%22&queryText=Efficient%20Unbiased%20Tracking%20of%20Multiple%20Dynamic%20Obstacles%20Under%20Large%20Viewpoint%20Changes
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/searchresult.jsp?contentType=all&filter=-ContentType%20EQ%20%22Newsletters%22&queryText=Efficient%20Unbiased%20Tracking%20of%20Multiple%20Dynamic%20Obstacles%20Under%20Large%20Viewpoint%20Changes
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/searchresult.jsp?contentType=all&filter=-ContentType%20EQ%20%22Newsletters%22&queryText=Efficient%20Unbiased%20Tracking%20of%20Multiple%20Dynamic%20Obstacles%20Under%20Large%20Viewpoint%20Changes
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/searchresult.jsp?contentType=all&filter=-ContentType%20EQ%20%22Newsletters%22&queryText=Efficient%20Unbiased%20Tracking%20of%20Multiple%20Dynamic%20Obstacles%20Under%20Large%20Viewpoint%20Changes
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/searchresult.jsp?contentType=all&filter=-ContentType%20EQ%20%22Newsletters%22&queryText=Efficient%20Unbiased%20Tracking%20of%20Multiple%20Dynamic%20Obstacles%20Under%20Large%20Viewpoint%20Changes
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/searchresult.jsp?contentType=all&filter=-ContentType%20EQ%20%22Newsletters%22&queryText=Efficient%20Unbiased%20Tracking%20of%20Multiple%20Dynamic%20Obstacles%20Under%20Large%20Viewpoint%20Changes
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
https://ieeexplore-ieee-org.proxy.library.cornell.edu/alerts/citation
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/authors
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/authors
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/authors
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/authors
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/authors
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/authors
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/authors
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/authors
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/figures
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/figures
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/figures
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/figures
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/figures
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/figures
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/figures
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/figures
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/references
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/references
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/references
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/references
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/references
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/references
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/references
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/references
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/citations
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/citations
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/citations
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/citations
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/citations
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/citations
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/citations
https://ieeexplore-ieee-org.proxy.library.cornell.edu/document/5643163/citations
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/stamp/stamp.jsp?tp=&arnumber=5643163
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/RecentIssue.jsp?punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://ieeexplore-ieee-org.proxy.library.cornell.edu/xpl/tocresult.jsp?isnumber=5709465&punumber=8860
https://doi-org.proxy.library.cornell.edu/10.1109/TRO.2010.2085490
https://doi-org.proxy.library.cornell.edu/10.1109/TRO.2010.2085490
https://doi-org.proxy.library.cornell.edu/10.1109/TRO.2010.2085490
https://doi-org.proxy.library.cornell.edu/10.1109/TRO.2010.2085490
https://doi-org.proxy.library.cornell.edu/10.1109/TRO.2010.2085490
https://doi-org.proxy.library.cornell.edu/10.1109/TRO.2010.2085490
https://doi-org.proxy.library.cornell.edu/10.1109/TRO.2010.2085490
https://doi-org.proxy.library.cornell.edu/10.1109/TRO.2010.2085490
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/advanced
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/advanced
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/advanced
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/advanced
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/advanced
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/advanced
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/advanced
https://ieeexplore-ieee-org.proxy.library.cornell.edu/search/advanced
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/Xplore/home.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/document/5643163/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/document/5643163/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/document/5643163/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/document/5643163/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/document/5643163/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/document/5643163/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/document/5643163/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/document/5643163/
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/Xplore/guesthome.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/Xplore/guesthome.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/Xplore/guesthome.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/Xplore/guesthome.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/Xplore/guesthome.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/Xplore/guesthome.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/Xplore/guesthome.jsp
https://ieeexplore-ieee-org.proxy.library.cornell.edu/servlet/Login?logout=/Xplore/guesthome.jsp
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()

Date of Publication:22 November 2010 9 Publisher: |IEEE
Keywords
» ISSN Information:
Metrics

More Like This

‘= Contents

SECTION 1.
Introduction

Modern autonomous mobile robots operating at human scales of size face the significant challenge
to perceive and understand the dynamic environment in which they (and we) interact. Fielded
solutions to this perception problem must be both accurate and robust, as robotic failures in a
human-populated operating environment can rapidly lead to disaster. The danger is particularly
acute for full-size robotic vehicles, where tracking accidents and traffic accidents are separated only
by a thin layer of actuators. Although better sensing hardware can improve perception of the
current scene, autonomous systems benefit more from mitigating perception errors before they
happen. The problem is, therefore, approached in the predictive language of data fusion, model-
based estimation, and probabilistic analysis.

Historically, mobile robot dynamic obstacle-tracking techniques resemble the estimation
techniques of classical target tracking. These approaches estimate the probability density function
of a target's state, i.e., a vector of random variables that evolve according to a model of the target's
dynamics. The target's probability density is then occasionally updated with measurements taken
from one or more noisy sensors. The framework extends naturally to track multiple targets, where
the goal is to estimate the joint probability density across all target states. If the pairings between
measurements and targets are known, the tracking problem is commonly solved with a traditional
Kalman filter (KF) or one of its variants [1].

With unknown measurement/target pairings, both the measurement correspondences and the
target states must be estimated simultaneously. This is an instance of the well-known data
assignment problem, which is also called the correspondence problem or the data association
problem [2]. Since the problem's exact solution is intractable, a vast array of approximations have
been investigated. These approximations include simple nearest neighbor matching schemes (the
maximum likelihood approach) [2], global nearest neighbor matching schemes (the joint
compatibility test) [3], one- and multistep approximations when marginalizing out data
assignments (the joint probabilistic data association filter and multiple hypothesis tracking
schemes) [2] [4], [5], and even Monte Carlo approximations to either the full-joint target state
density or just to the data assignments (particle filters, Markov chain Monte Carlo (MCMC)
techniques, Rao—Blackwellized particle filters (RBPFs), and the probabilistic hypothesis density
filter) [6]- [10].

Although elegant in their Bayesian formulation, these classical-tracking approaches assume the
tracked targets to be point objects. This approximation is reasonable for long-range-tracking
scenarios, such as air, sea, or space traffic monitoring, where the targets are significantly smaller
than sensor error at the ranges of interest. The approximation breaks down in many robotics
applications, however, where the targets are nearby obstacles or landmarks. The approximation is
particularly bad for human-scale robotics applications, where the robot may need to maneuver
within a meter or two of large obstacles, such as cars and buildings. Furthermore, typical sensors,
such as laser rangefinders, radars, and optical cameras, have errors that are only a small fraction of
the width of these obstacles.

The breakdown of the point-obstacle assumption yields two significant challenges not addressed in
target-tracking literature. First, the data assignment problem becomes more difficult, because the
observed shapes of obstacles change rapidly at close range. Second, the obstacles cannot be
estimated as point objects. One common ad hoc approach uses a feature extraction algorithm to
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Abstract

A map-aided localization approach using vision, inertial sensors when available, and a
particle filter is proposed and empirically evaluated. The approach, termed PosteriorPose,
uses a Bayesian particle filter to augment global positioning system (GPS) and inertial
navigation solutions with vision-based measurements of nearby lanes and stop lines
referenced against a known map of environmental features. These map-relative
measurements are shown to improve the quality of the navigation solution when GPS is
available, and they are shown to keep the navigation solution converged in extended GPS
blackouts. Measurements are incorporated with careful hypothesis testing and error
modeling to account for non-Gaussian and multimodal errors committed by GPS and vision-
based detection algorithms. Using a set of data collected with Cornell's autonomous car,
including a measure of truth via a high-precision differential corrections service, an
experimental investigation of important design elements of the PosteriorPose estimator is
conducted. The algorithm is shown to statistically outperform a tightly coupled GPS/inertial
navigation solution both in full GPS coverage and in extended GPS blackouts. Statistical
performance is also studied as a function of road type, filter likelihood models, bias models,
and filter integrity tests. © 2011 Wiley Periodicals, Inc.
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Abstract

A map-aided localization approach using vision, inertial sensors when available, and a
particle filter is proposed and empirically evaluated. The approach, termed
PosteriorPose, uses a Bayesian particle filter to augment global positioning system (GPS)
and inertial navigation solutions with vision-based measurements of nearby lanes and
stop lines referenced against a known map of environmental features. These map-
relative measurements are shown to improve the quality of the navigation solution when
GPS is available, and they are shown to keep the navigation solution converged in
extended GPS blackouts. Measurements are incorporated with careful hypothesis testing
and error modeling to account for non-Gaussian and multimodal errors committed by
GPS and vision-based detection algorithms. Using a set of data collected with Cornell's
autonomous car, including a measure of truth via a high-precision differential corrections
service, an experimental investigation of important design elements of the PosteriorPose
estimator is conducted. The algorithm is shown to statistically outperform a tightly
coupled GPS/inertial navigation solution both in full GPS coverage and in extended GPS
blackouts. Statistical performance is also studied as a function of road type, filter
likelihood models, bias models, and filter integrity tests. © 2011 Wiley Periodicals, Inc.

INTRODUCTION

As the militarv and civilian driving experience moves toward remote and even autonomous
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Abstract:

The explosion of image data on the Internet has the potential to foster more sophisticated and robust models and
algorithms to index, retrieve, organize and interact with images and multimedia data. But exactly how such data can be
harnessed and organized remains a critical problem. We introduce here a new database called “ImageNet”, a large-
scale ontology of images built upon the backbone of the WordNet structure. ImageNet aims to populate the majority of
the 80,000 synsets of WordNet with an average of 500-1000 clean and full resolution images. This will result in tens of
millions of annotated images organized by the semantic hierarchy of WordNet. This paper offers a detailed analysis of
ImageNet in its current state: 12 subtrees with 5247 synsets and 3.2 million images in total. We show that ImageNet is
much larger in scale and diversity and much more accurate than the current image datasets. Constructing such a large-
scale database is a challenging task. We describe the data collection scheme with Amazon Mechanical Turk. Lastly, we
illustrate the usefulness of ImageNet through three simple applications in object recognition, image classification and
automatic object clustering. We hope that the scale, accuracy, diversity and hierarchical structure of ImageNet can offer
unparalleled opportunities to researchers in the computer vision community and beyond.
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Abstract

The ability to search for a CAD model that represents a specific physical part is a useful
capability that can be used in many different applications. This paper presents an
approach to use partial 3D point cloud of an artifact for retrieving the CAD model of the
artifact. We assume that the information about the physical parts will be captured by a
single 3D scan that produces dense point clouds. CAD models in our approach are
represented as polygonal meshes. Our approach involves segmenting the point cloud
and CAD mesh models into surface patches. The next step is to identify corresponding
surface patches in point clouds and CAD models that could potentially match. Finally, we

compute transformations to align the point cloud to the CAD model and compute
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The control date will normally be similar to, but does not have to match, the actual or
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for date-based subscriptions.
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<month>1¥</month><year>Z018</year></pub-date>

y>

Control date is required in all article and issue XML files. Control date will normally be provided

in cats.xml.

For example:

<onlinecontroldate>15 Mar 2013</onlinecontroldate>

Cover Date

For journals that use cover dates, the cover date should be captured in a element with type

“cover”. The complete cover date should be captured, which might be just a year.

For example:

<pub-date publication-format="print" date-type="cover"><string-
date>November 2018</string-date></pub-date>

The control date and the cover date (if used) will normally be provided for each issue in
cats.xml. If control date is not provided, the following rules may be used to populate control
date from the issue’s cover date:

Example cover

Rule Corresponding control date
date

If cover date indicates a specific <day>15</day>

calendar day, that date should be used March 15, 2013 <month>3</month>

for control date. <year>2013</year>

Ex. 1033 — Safegate Supplemental Evidence
Safegate v. Honeywell — PGR2023-00053
Page 51



L date
uaLce
If cover date indicates a range of <day>15</day>
) January 15—
dates, the earliest date should be used <month>1</month>
February 15, 2013
for control date. <year>2013</year>
If cover date contains only a month <day>1</day>
and a year, control date should be set  April 2013 <month>4</month>
as the first day of that month. <year>2013</year>

If cover date contains only a year,

control date should be set as the last <day>31</day>
day of that year. 2013 <month>12</month>
(Note: This instruction was previously to <year>2013</year>

use the first day of the year.)

e Spring = Mar

e Summer =
) Jun
If cover date contains a season, the At g 1</d
° utumn = <day>1l< ay>
season should be mapped to a month Y Y
Sep <month>3</month>

as follows, and set as the first day of

e Fall = Se <year>2013</year>
that month: P / Y

e Winter =
Dec Spring
2013

Articles not in an issue

For articles at the just-accepted/AMO/tagging stage, and for ahead-of-issue/Preview articles,
the control date should be populated based on the current date. Typesetters should set
control date to the next calendar day from the date the article files are supplied. For example,
if just-accepted or ahead-of-issue files will be delivered to Taylor & Francis on 4 May 2013,
control date should be set as <day>4</day><month>5</month><year>2013</year> Cover
date should not be present in just-accepted or ahead-of-issue files.
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robotics tasks not feasible years ago. Scaling object class recognition to hundreds of classes still requires extensive
time and many objects for learning. To overcome the training issue, we introduce a methodology for learning 3D
descriptors from synthetic CAD-models and classification of never-before-seen objects at the first glance, where
classification rates and speed are suited for robotics tasks. We provide this in 3DNet (3d-net.org), a free resource for
object class recognition and 6DOF pose estimation from point cloud data. 3DNet provides a large-scale hierarchical
CAD-model databases with increasing numbers of classes and difficulty with 10, 50, 100 and 200 object classes
together with evaluation datasets that contain thousands of scenes captured with a RGB-D sensor. 3DNet further
provides an open-source framework based on the Point Cloud Library (PCL) for testing new descriptors and
benchmarking of state-of-the-art descriptors together with pose estimation procedures to enable robotics tasks such as
search and grasping.
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SECTION 1.

INTRODUCTION

Central tasks for robots are to find, grasp and manipulate objects. While an industrial robot helper
needs to know about the specific objects in production, home robots should know about all the
object classes typically found in human living space. And certainly, the user expects that the robot

can learn novel objects and object classes.

Especially the domestic setting with its plethora of categories and their intraclass variety demands

great generalization skills from a service robot. The categories are characterized mostly by their

shape ranging from low intraclass diversification as in the case of fruits and simple objects like
bottles up to high intraclass variety of classes such as liquid containers, furniture, and especially
toys. With robots starting to tackle real-word scenarios, we require fast and reliable object and

object class recognition. Especially in robotics manipulation, where object recognition and object

classification have to work from all possible viewpoints of an object, data collection for training

becomes a bottleneck. Especially for classes with high intraclass variability it is required to obtain a

very large number of objects in the training phase.

With the arrival of an affordable RGB-D sensor, the Kinect, and the increasing number of mobile
manipulators, e.g., WillowGarage's PR2, learning classes and objects for each one of the objects and
robots seems like a waste of resources. The goal should be to have a common knowledge database

shared between the robots. So when one robot in place A is trained on novel objects or classes,
another robot at place B can update the reference database and detect the new object classes (maybe
with the exception if objects differing too greatly from country to country). This also holds true for
the introduction of new features and descriptors: once introduced and integrated, everyone should

be able to use these algorithms. This is especially true for researchers not working in the field of
object and object class recognition, as for them, classification is a necessary step to achieve their
own research to provide the robot with new functionalities.

DjFig. 1. - System overview: For classification, the RGB-D image is segmented to
obtain a point cloud cluster and to calculate a cluster descriptor. The descriptor is
then compared to synthetically rendered views of CAD-models. The most similar view
delivers the best 3D model, view and class label. 3DNet provides the means for this
system: A large set of organized 3D CAD models and an extensible framework with

needed algorithms and descriptors.

Ex. 1033 — Safegate Supplemental Evidence
Safegate v. Honeywell — PGR2023-00053
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Highlights

» Improved method for template search in point clouds.

* Based on point pair feature correspondences.

» Targeted, stochastic strategy for improved point pair sampling.

» Faster, approximate, voxel-based point-to-point correspondence estimation.

» Two orders of magnitude faster on large, cluttered real-world point cloud
datasets.

Abstract

Template matching for 3D shapes in point cloud data is an essential prerequisite for a multitude of applications such as
bin picking tasks for known objects, detection and completion of redundant object instances during scanning
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Replicability Badge and Software Publication
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independent group of volunteers who help the community by enabling sharing of code and data as a
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which describe the application of the software to research and the published outputs.
For more information contact us at: software.impacts@elsevier.com
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We also provide many author benefits, such as free PDFs, a liberal copyright policy, special discounts
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Abstract:

3D object detection is an essential task in autonomous driving. Recent techniques excel with highly accurate detection
rates, provided the 3D input data is obtained from precise but expensive LiDAR technology. Approaches based on
cheaper monocular or stereo imagery data have, until now, resulted in drastically lower accuracies --- a gap that is
commonly attributed to poor image-based depth estimation. However, in this paper we argue that it is not the quality of
the data but its representation that accounts for the majority of the difference. Taking the inner workings of
convolutional neural networks into consideration, we propose to convert image-based depth maps to pseudo-LiDAR
representations --- essentially mimicking the LiDAR signal. With this representation we can apply different existing
LiDAR-based detection algorithms. On the popular KITTI benchmark, our approach achieves impressive improvements
over the existing state-of-the-art in image-based performance --- raising the detection accuracy of objects within the
30m range from the previous state-of-the-art of 22% to an unprecedented 74%. At the time of submission our algorithm
holds the highest entry on the KITTI 3D object detection leaderboard for stereo-image-based approaches.
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SECTION 1.
Introduction

Reliable and robust 3D object detection is one of the fundamental requirements for autonomous
driving. After all, in order to avoid collisions with pedestrians, cyclist, and cars, a vehicle must be
able to detect them in the first place.

Existing algorithms largely rely on LiDAR (Light Detection And Ranging), which provide accurate
3D point clouds of the surrounding environment. Although highly precise, alternatives to LIDAR are
desirable for multiple reasons. First, LIDAR is expensive, which incurs a hefty premium for
autonomous driving hardware. Second, over-reliance on a single sensor is an inherent safety risk
and it would be advantageous to have a secondary sensor to fall-back onto in case of an outage. A
natural candidate are images from stereo or monocular cameras. Optical cameras are highly
affordable (several orders of magnitude cheaper than LiDAR), operate at a high frame rate, and
provide a dense depth map rather than the 64 or 128 sparse rotating laser beams that LiDAR signal
is inherently limited to.

QFigure 1: - Pseudo-LiDAR: signal from visual depth estimation. Top-left: a KITTI
street scene with super-imposed bounding boxes around cars obtained with LiDAR
$\left( \color{red}{{\text{red}}} \right)$ and pseudo-LiDAR $\left( \color{Green}
{{\text{green}}} \right)$. Bottom-left: estimated disparity map. Right: pseudo-
LiDAR $\left( {\color{blue}{\text{blue}}} \right)$ vs. LiDAR $\left( {\color{yellow}
{\text{yellow}}} \right)$ — the pseudo-LiDAR points align remarkably well with the
LiDAR ones. Best viewed in color (zoom in for details.)

Figure 1:

Pseudo-LiDAR: signal from visual depth estimation. Top-left: a KITTI street scene with
super-imposed bounding boxes around cars obtained with LiDAR (red) and pseudo-
LiIDAR (green). Bottom-left: estimated disparity map. Right: pseudo-LiDAR (blue) vs.
LiDAR ( ) — the pseudo-LiDAR points align remarkably well with the LIDAR
ones. Best viewed in color (zoom in for details.)
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About this book

Expert coverage of the design and implementation of state estimation algorithms for tracking and
navigation

Estimation with Applications to Tracking and Navigation treats the estimation of various quantities from
inherently inaccurate remote observations. It explains state estimator design using a balanced combination
of linear systems, probability, and statistics.

The authors provide a review of the necessary background mathematical techniques and offer an overview
of the basic concepts in estimation. They then provide detailed treatments of all the major issues in
estimation with a focus on applying these techniques to real systems. Other features include:

* Problems that apply theoretical material to real-world applications

¢ In-depth coverage of the Interacting Multiple Model (IMM) estimator

* Companion DynaEst(TM) software for MATLAB(TM) implementation of Kalman filters and IMM
estimators

* Design guidelines for tracking filters

Suitable for graduate engineering students and engineers working in remote sensors and tracking, Estimation
with Applications to Tracking and Navigation provides expert coverage of this important area.
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Abstract

Situational awareness is crucial for autonomous driving in urban environments. This paper
describes the moving vehicle detection and tracking module that we developed for our
autonomous driving robot Junior. The robot won second place in the Urban Grand Challenge,
an autonomous driving race organized by the U.S. Government in 2007. The module provides
reliable detection and tracking of moving vehicles from a high-speed moving platform using

laser range finders. Our approach models both dynamic and geometric properties of the
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Journal updates
Overview

Autonomous Robots is a journal focusing on the theory and applications of self-sufficient
robotic systems.

Features papers that include performance data on actual robots in the real world.
Reports on learning and adaptation in robots, human-robot interaction, and multi-robot

systems.

Ex. 1033 — Safegate Supplemental Evidence
Safegate v. Honeywell — PGR2023-00053
Page 66


https://link.springer.com/
https://link.springer.com/
https://link.springer.com/
https://link.springer.com/
https://link.springer.com/
https://link.springer.com/
https://link.springer.com/
https://link.springer.com/
https://idp.springer.com/auth/personal/springernature?redirect_uri=https://link.springer.com/journal/10514
https://idp.springer.com/auth/personal/springernature?redirect_uri=https://link.springer.com/journal/10514
https://idp.springer.com/auth/personal/springernature?redirect_uri=https://link.springer.com/journal/10514
https://idp.springer.com/auth/personal/springernature?redirect_uri=https://link.springer.com/journal/10514
https://idp.springer.com/auth/personal/springernature?redirect_uri=https://link.springer.com/journal/10514
https://idp.springer.com/auth/personal/springernature?redirect_uri=https://link.springer.com/journal/10514
https://idp.springer.com/auth/personal/springernature?redirect_uri=https://link.springer.com/journal/10514
https://idp.springer.com/auth/personal/springernature?redirect_uri=https://link.springer.com/journal/10514
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://order.springer.com/public/cart
https://order.springer.com/public/cart
https://order.springer.com/public/cart
https://order.springer.com/public/cart
https://order.springer.com/public/cart
https://order.springer.com/public/cart
https://order.springer.com/public/cart
https://order.springer.com/public/cart
https://link.springer.com/journal/10514/editors
https://link.springer.com/journal/10514/editors
https://link.springer.com/journal/10514/editors
https://link.springer.com/journal/10514/editors
https://link.springer.com/journal/10514/editors
https://link.springer.com/journal/10514/editors
https://link.springer.com/journal/10514/editors
https://link.springer.com/journal/10514/editors
https://link.springer.com/journal/10514/aims-and-scope
https://link.springer.com/journal/10514/aims-and-scope
https://link.springer.com/journal/10514/aims-and-scope
https://link.springer.com/journal/10514/aims-and-scope
https://link.springer.com/journal/10514/aims-and-scope
https://link.springer.com/journal/10514/aims-and-scope
https://link.springer.com/journal/10514/aims-and-scope
https://link.springer.com/journal/10514/aims-and-scope
https://link.springer.com/journal/10514/updates
https://link.springer.com/journal/10514/updates
https://link.springer.com/journal/10514/updates
https://link.springer.com/journal/10514/updates
https://link.springer.com/journal/10514/updates
https://link.springer.com/journal/10514/updates
https://link.springer.com/journal/10514/updates
https://link.springer.com/journal/10514/updates
https://link.springer.com/
https://link.springer.com/
https://link.springer.com/
https://link.springer.com/
https://link.springer.com/
https://link.springer.com/
https://link.springer.com/
https://link.springer.com/
https://www.springer.com/
https://www.springer.com/
https://www.springer.com/
https://www.springer.com/
https://www.springer.com/
https://www.springer.com/
https://www.springer.com/
https://www.springer.com/
https://www.springer.com/
https://www.springer.com/
https://www.springer.com/
https://www.springer.com/
https://www.springer.com/
https://www.springer.com/
https://www.springer.com/
https://www.springer.com/
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://link.springer.com/journal/10514
https://submission.nature.com/new-submission/10514/3
https://submission.nature.com/new-submission/10514/3
https://submission.nature.com/new-submission/10514/3
https://submission.nature.com/new-submission/10514/3
https://submission.nature.com/new-submission/10514/3
https://submission.nature.com/new-submission/10514/3
https://submission.nature.com/new-submission/10514/3
https://submission.nature.com/new-submission/10514/3

Covers a wide range of topics, including planning and navigation, studies of autonomous

robot systems, and self-calibration and self-repair for robots.

Known for its high Impact Factor in Robotics and Al.

Editor-in-Chief
Gaurav Sukhatme

@ Impact factor
3.5(2022)

5 year impact factor
4.6(2022)

3

Submission to first decision (median)

&3

46 days
Downloads
349,712 (2023)
Latest articles

Terrain traversability prediction through self-supervised learning and
unsupervised domain adaptation on synthetic data

OriginalPaper | Openaccess | 30 March2024 | Article: 4

Maximal coverage problems with routing constraints using cross-entropy
Monte Carlo tree search

OriginalPaper | 30 January2024 | Article:3

Collocation methods for second and higher order systems
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