Singapore Management University

Institutional Knowledge at Singapore Management University

Research Collection School Of Computing and

Information Systems School of Computing and Information Systems

10-2000

Side collision warning system for transit buses

Sue MCNEIL
David DUGGINS
Christoph MERTZ

Arne SUPPE
Singapore Management University, asuppe@smu.edu.sg

Chuck THORPE

Follow this and additional works at: https://ink.library.smu.edu.sg/sis_research

b Part of the Artificial Intelligence and Robotics Commons, and the Databases and Information Systems
Commons

Citation

MCNEIL, Sue; DUGGINS, David; MERTZ, Christoph; SUPPE, Arne; and THORPE, Chuck. Side collision
warning system for transit buses. (2000). Proceedings of the IEEE Intelligent Vehicles Symposium 2000,
Dearborn, Michigan, USA, October 14-17. 344-349.

Available at: https://ink.library.smu.edu.sg/sis_research/8398

This Conference Proceeding Article is brought to you for free and open access by the School of Computing and
Information Systems at Institutional Knowledge at Singapore Management University. It has been accepted for
inclusion in Research Collection School Of Computing and Information Systems by an authorized administrator of
Institutional Knowledge at Singapore Management University. For more information, please email
cherylds@smu.edu.sg.


https://ink.library.smu.edu.sg/
https://ink.library.smu.edu.sg/sis_research
https://ink.library.smu.edu.sg/sis_research
https://ink.library.smu.edu.sg/sis
https://ink.library.smu.edu.sg/sis_research?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F8398&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/143?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F8398&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/145?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F8398&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/145?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F8398&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:cherylds@smu.edu.sg

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/3885193

Side Collision Warning Systems for transit buses

Conference Paper - February 2000

DOI: 10.1109/1VS.2000.898367 - Source: IEEE Xplore

CITATIONS
31

3authors, including:

Christoph Mertz
Carnegie Mellon University

54 PUBLICATIONS 2,583 CITATIONS

SEE PROFILE

All content following this page was uploaded by Sue Mcneil on 16 May 2014.

The user has requested enhancement of the downloaded file.

READS
469

Sue Mcneil
University of Delaware

173 PUBLICATIONS 1,754 CITATIONS

SEE PROFILE

ResearchGate


https://www.researchgate.net/publication/3885193_Side_Collision_Warning_Systems_for_transit_buses?enrichId=rgreq-2b9e8c17dcb9f82e87051020c8def21f-XXX&enrichSource=Y292ZXJQYWdlOzM4ODUxOTM7QVM6MTA2NDc5Nzg5MDE5MTQxQDE0MDIzOTgxNjg2OTg%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/3885193_Side_Collision_Warning_Systems_for_transit_buses?enrichId=rgreq-2b9e8c17dcb9f82e87051020c8def21f-XXX&enrichSource=Y292ZXJQYWdlOzM4ODUxOTM7QVM6MTA2NDc5Nzg5MDE5MTQxQDE0MDIzOTgxNjg2OTg%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-2b9e8c17dcb9f82e87051020c8def21f-XXX&enrichSource=Y292ZXJQYWdlOzM4ODUxOTM7QVM6MTA2NDc5Nzg5MDE5MTQxQDE0MDIzOTgxNjg2OTg%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Christoph-Mertz?enrichId=rgreq-2b9e8c17dcb9f82e87051020c8def21f-XXX&enrichSource=Y292ZXJQYWdlOzM4ODUxOTM7QVM6MTA2NDc5Nzg5MDE5MTQxQDE0MDIzOTgxNjg2OTg%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Christoph-Mertz?enrichId=rgreq-2b9e8c17dcb9f82e87051020c8def21f-XXX&enrichSource=Y292ZXJQYWdlOzM4ODUxOTM7QVM6MTA2NDc5Nzg5MDE5MTQxQDE0MDIzOTgxNjg2OTg%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Carnegie-Mellon-University?enrichId=rgreq-2b9e8c17dcb9f82e87051020c8def21f-XXX&enrichSource=Y292ZXJQYWdlOzM4ODUxOTM7QVM6MTA2NDc5Nzg5MDE5MTQxQDE0MDIzOTgxNjg2OTg%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Christoph-Mertz?enrichId=rgreq-2b9e8c17dcb9f82e87051020c8def21f-XXX&enrichSource=Y292ZXJQYWdlOzM4ODUxOTM7QVM6MTA2NDc5Nzg5MDE5MTQxQDE0MDIzOTgxNjg2OTg%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sue-Mcneil?enrichId=rgreq-2b9e8c17dcb9f82e87051020c8def21f-XXX&enrichSource=Y292ZXJQYWdlOzM4ODUxOTM7QVM6MTA2NDc5Nzg5MDE5MTQxQDE0MDIzOTgxNjg2OTg%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sue-Mcneil?enrichId=rgreq-2b9e8c17dcb9f82e87051020c8def21f-XXX&enrichSource=Y292ZXJQYWdlOzM4ODUxOTM7QVM6MTA2NDc5Nzg5MDE5MTQxQDE0MDIzOTgxNjg2OTg%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Delaware?enrichId=rgreq-2b9e8c17dcb9f82e87051020c8def21f-XXX&enrichSource=Y292ZXJQYWdlOzM4ODUxOTM7QVM6MTA2NDc5Nzg5MDE5MTQxQDE0MDIzOTgxNjg2OTg%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sue-Mcneil?enrichId=rgreq-2b9e8c17dcb9f82e87051020c8def21f-XXX&enrichSource=Y292ZXJQYWdlOzM4ODUxOTM7QVM6MTA2NDc5Nzg5MDE5MTQxQDE0MDIzOTgxNjg2OTg%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sue-Mcneil?enrichId=rgreq-2b9e8c17dcb9f82e87051020c8def21f-XXX&enrichSource=Y292ZXJQYWdlOzM4ODUxOTM7QVM6MTA2NDc5Nzg5MDE5MTQxQDE0MDIzOTgxNjg2OTg%3D&el=1_x_10&_esc=publicationCoverPdf

Side Collision Warning Systems for Transit Buses

Christoph Mertz, Sue McNeil?, and Charles Thorpe*

Robotics Institute
Department of Civil and Environmental Engineefing
Carnegie Mellon University
Pittsburgh, PA 15213-3890
Tel (412) 268 3445 — Fax (412) 268 5571

cmertz@andrew.cmu.edu

Abstract

Transit buses are involved in many more accidents
than other vehicles. Collision Warning Systems (CWS)
are therefore placed most efficiently on these buses. In
our project, we investigate their operating environ-
ment and available technologies to develop perform-
ance specifications for such CWS This paper dis
cusses our findings of transit buses driving through
very cluttered surroundings and being involved in
many different types of accidents where currently
available CWS do not work effectively. One of the
focuses of our work is pedestrians around the bus and
their detection.

buses, since buses carry increasingly sophisticated
electronics, with positioning systems and digitaine
munications to better estimate time of arrival glon
their route.

The USDOT Federal Transit Administration is spon-
soring three projects to reduce bus collisionspas

of the Intelligent Vehicle Initiative (IVI). One pject
headed by UC Berkeley / PATH is working on for-
ward-looking sensors, to reduce the number of colli
sions where the bus strikes the rear end of avead

cle. Another project not yet under way will work on
the complementary problem, putting sensors and
alarms on the rear of the bus, facing backwardsyto

to warn drivers of vehicles that may not have reatic
collision avoidance, transit bus, safetythat a bus has come to a stop. Our project, impgrt
ship with Pennsylvania Department of Transportation
(PennDOT) and the Port Authority of Allegheny
Cougty (PAT), is looking at the problem of sideliol
sions.

Keywords
Sensors.

1 Transit Bus Side Collisions

The goal of our project is to build intelligent vele  Side Collisions Warning Systems (SCWS) have al-
systems to reduce side collisions in transit buseﬁgady been developed for other types of vehicles, n
Transit buses are already a very safe mode ofgitans tably for Class 8 trucks. For heavy trucks, thebem
tation: the passenger-fatality rate per passenglerisn  these sensors are designed to alleviate is therdmiot
about 15 times smaller than the equivalent rate fgfeeing a car and causing a collision while changing
other vehicles [1]. The sheer size of a bus heips tanes. The SCWS systems use sonar or radar tarook
protect the passengers and buses are driven bgsprofadjacent lanes and then warn the driver of the-pre
sionals, working regular shifts over known routesd ence of a car. Typically, the warning comes in two
typically operate at low speeds. Although thislfata phases. While the truck is driving straight, if the
rate is very low, the probability that a particulaus SCWS detects a vehicle along side the truckitrilt

will be involved in an accident during a year isahu nates an indicator built into the side mirrorsaastua-
higher (about 15 times) than the same probability f tion awareness aid. If the driver puts on his sigmal,
other vehicles [1] because buses operate many hogicating an immediate intent to change lanes, the
per year and typically operate in very congestéxhor SCWS switches from situation awareness mode to
areas, and by the nature of their job are ofteddse collision warning mode. Then, if there is anothehiv
proximity to pedestrians. A CWS mounted on a trianstle along the truck, the SCWS uses an audible wgrni
bus can therefore potentially prevent many more-acaone in addition to the light in the mirror.

dents than one mounted on another vehicle. Thalinst

lation of a CWS is made easier by the fact that aCWS are also commercially available for cars. Be-
“electronic infrastructure” is already present ina@ern  cause most car owners are not willing to pay aofot
money for SCWS and the blind spot of cars is much
smaller than the blind spot of trucks SCWS for cars
Proceedings of the 2000 Intelligent Vehicles Confer

ence, The Ritz-Carlton Hotel, Dearborn, MIl, USA
October 4-5, 2000

"1 Further details on the FTA program may be found o
their web siteywww.fta.dot.gov/research/safe/ivifivi.htm.



usually have infrared proximity sensors and covdyo bus driver knew that the bus would be operatingelo
the few square meters of the blind spot. to pedestrians at a bus stop, the alarm would §o of
disturbing the driver and potentially alarming peass
In the summer of 1998, we did a small study to undegers. Figure 2 shows how much “clutter”, people as
stand the applicability of these technologies fraasit well as objects, can be found very close to the bus
context. We installed both rear-looking and comme
cial side-looking CWS on a PAT transit bus (Figure
1). As a demonstration, the systems were very sgece
ful. The rear-looking system illustrated the potaint
for detecting cars approaching from the rear; iswa
connected to a variable message sign on the back
the bus warning the driver to “slow down!”, follodie
by an air horn for truly inattentive drivers. Thieles
looking system used 4 sonars along the side olftise
to detect pedestrians and to warn the driver. Téra-d
onstration was well received, and led to the folie
research projects now under way.

Figure 2 Operating environment of a transit bus. The
picture is taken from the top rear right corner of the
bus, looking down along the side of the bus, which is
visible in the left part of the image. The bus has just
left a bus stop and is only one foot away from the
curb. Two to three feet away are people and objects.

Clearly, the commercial systems designed for trucks
cannot be simply adapted for transit buses. leises-
sary to study in detail all the factors contribgtito
bus collisions and find ways to have a SCWS, which
effectively identifies dangerous situations without

Figure 1 Transit bus with rear-looking and side colli-
sion warning systems (small black box, indicated by
the arrow).

However when PAT put the demo bus into servic

with the side warning system enabled, several flawls

causing too many false alarms. Our research project
therefore has several phases:

A. Analyse available incident data.

B. Establish functional goals for a SCWS.

Assess existing SCWS.

Develop preliminary performance specifications
fora SCWS.

Investigate state of the art technology.

Select test system.

Construct/acquire collision warning systems.
Conduct testing to validate performance spegific
tions.

Finalize performance specifications for SCWS.

became rapidly apparent. First, the sonar woulds mid
important objects. The demo set-up had only 4 senso
spaced along the side of a 40-foot bus. This is ade-
quate for a truck application, looking for a cartive
adjacent lane, since cars are typically at leaste&b
long and therefore could not get lost in betweam sef
sors. But for the bus application, the targetsntériest
include much narrower objects, such as pedestriaﬂs,

lampposts, mail boxes, signs, trees, etc. .
We are now approximately one quarter the way

More significantly, the interface as configured gen through the project. We have completed most of the
ated an extremely high number of nuisance alaros. panalysis of the transit environment, and have sgver
the truck application, the sensors are configured f€SUltS on sensors.

cover a lane width, approximately 4 meters. Any ob-
ject within that range would cause the light in thie- This paper reports on what we have found about the
ror to illuminate, or, if the turn signal were ome transit environment, the number and kinds of aguisle

audible tone to go off. Buses usually operate i tHn Which buses are involved, the coverage area of a
curb lane of urban streets, and are therefore ofign  CWS, our preliminary work on sensors, and our plan
within 4 meters of mail boxes, traffic signals, peti- for further research.

ans, parking meters, and parked cars. Worse, every

time the bus stops to pick up or discharge passenge

the driver turns on the four-way flashers. In tesmd

bus, this triggered the audible alarm. So just wien



2 Magnitude of the Problem high number of pedestrian fatalities stressesripoi-

. . n f rian ion roblem n
In order to better understand the operating enwrortla ce of pedestrian detection, a problem not adddbs

ment of transit buses and find the relevant facfors gye(;lijélrzr:ttgn;lgslgbli dce::\é\t/r?énlg our analysis we paid
bus crashes, we studied accident statistics frorah#Va P P '
ington State [2], accident reports from PAT, antada

from the Fatality Analysis Reporting System (FARS) In one quarter of all fatalities the pedestriapastially

or completely underneath the bus. It is therefone i
ortant to monitor underneath the bus, an areaghwhi

There are several conclusions from our analysis th not covered by any currently available CWS.

make the design of SCWS for transit buses unique:
1. Many of the most serious accidents involve pedefn about 12% of all bus-pedestrian collisions dttes

trians. All of the other research PFOJ'eCtS in thebus driver “hit and run”, but does so only in 3% of
USDOT IVI program focus on collisions bewVeenbus-car and 1% in bus-truck collisions. This istbes

vehicles, or between vehicles and fixed objects; . . . .
Pedestrians are harder to detect than vehicles, Sxplained by assuming, that the bus driver simply

a , . L . o
are much harder to predict. {8esn't notice the incident happening. This is sup

2. Only a very small percentage of side collisiars ported by the accident reports of the PAT bus dsve
' y y P 9 . where they often state that they have no knowledge
classical lane change / merge accidents. Bus

have a much wider varietv of collision tvoes tha gsbus-pedestrian incident or that a passenger or by
other vehicles y yp "Stander informed them of the incident. A warning-sy

3 Manv of the bus accidents involve obiects a tem should therefore not only warn of potential -dan
) y ! P erous situations, but also inform the driver when-

Fhrosac;]ngi]r;ro;:tetlz? SI;rf;c?dae-t);:(ilsr;gnsiggogsti:nt ct with a vehicle, object, and especially witpex-
u P p u on has been made.

strategy. There is a wide variety of ranges, speedss

and object sizes in these collisions, so a smglI% more than half of all incidents the bus drivea dot

sensor might not be adequate for the task. commit any violation, whereas for the other drivers

4. The I[ne between safe and ur)safe situations t’ﬁis is only the case in 17% of the incidents. Euick
very tight. It may not be possible to warn the

driver in time to avoid a collision without generat of alcohol and drug usage by the bus driver iwaify

. . o - completely absent, in contrast to car drivers (2&%
ing too many nuisance alarms; instead, it may b,

better to design a situation awareness system &l cases) and notably pedestrians (23%). This emph
9 Y " sizes another challenge for a CWS, it is most times

the bus driver who creates the dangerous situaitioh
so the dangerous situation needs to be identified b

Accident Statistics looking at the behaviour of the other party.

Weather, lighting condition, time of day, day ofeke
season, age of driver, and age of pedestrian hitodo
play a factor or are too small a factor to be ratgv

Table 2 shows different collision types and theiar
tive significance with respect to number of cobiss,
property damage, injuries, and fatalities. The nemb
of fatalities is too low to make statistical sigo#nt
statements. But what can be observed is that raest f
talities are bus-pedestrian collisions. Otherwike t
fatalities are fairly evenly distributed over trenge of
collision types. It should be noted, that the siin

Table 1 shows statistics about the number of ¢ofis
involving transit buses and the resulting fataditj@].

Collisions with incidents fatalities

Other Vehicles 24640 64 type “lane change/merge”, which is the most signifi
Objects 2280 3 cant one for truck and car CWS, are only about 6% o
Pedestrian 959 43 the cases for buses.

Totals 27879 110

.. - In order to see how resources can be used most effi

Igg;e 1 Bus collisions and fatalities per year 1994- ciently and what the cost savings of CWS are, the s

) cial costs of bus accidents have been estimategly Th
There are approximately 25 times more bus-vehiclere roughly $8000 per bus per year [4]. Even with
collisions than bus-pedestrian collisions, even theodest 10% reduction of collisions a several thodsa
number of collisions with objects is more than svass  dollar CWS will amortize itself within a few years.
large than the number of pedestrian collisions. tBat
number of fatalities is comparable for both, pedast Other Observations About the Bus Environment
and vehicle collisions, the number of fatalitiesuk-
ing form a collision with objects is very small. i§h One of the challenges for a CWS is to supprese fals
alarms. A bus often drives very close to the cunth is
only 1 or 2 meters away from parked cars, signposts

2 Data accessible through www-fars.nhtsa.dot.gov.



collision type Collision property |non-disabling| disabling fatal
damage injury injury
# % $1k % # % # % # %

off road or parked car 305 10.00 613 8.4 8 29 4 4 1 5.9
rear end 625 20.6) 1729 23.7| 89 32.4 29 29 2 11.8
lane change/merge 179 59 375 5.1 6 2.2 3 3 0 0.0
Sideswipe 430 14.1] 905 124 12 4.4 6 6| 0 0.0
opposite direction 134 4.4 512 7.0 18 6.5 9 9 2 11.8
same direction, one turning 243 8.00 437 6.0 9 3.3 1 1 0 0.0
entering or leaving parked position or driveway 297 9.8 638 8.7 12 4.4 4 4 0 0.0
entering at angle 594 19.5 1849 25.3 65 23.6 22 22| 3 17.6
collision with pedestrian 84 2.8 9 0.1 35 12.7 13 13 8 47.1
Other 148 49 239 3.3 21 7.6 9 9 1 5.9

Table 2 Relative weights of bus collision types in Washington State, 1990-1995 [ 2] .

trees, pedestrian, etc. When picking up or droppifig The area the sensors need to cover is first ofhall
passengers the bus sometimes even touches the doiibd spots. Figure 3 shows the field of views loé t
and people and objects can be only a foot or soy awhus driver. It should be noted that the coveragthef
from the bus (see Figure 2). All this visual cluttes right side mirror is quite limited, it makes onlysenall

the potential to cause many false alarms. We beliearea close to the bus visible to the driver. Theeco
that an effective way to avoid those false alarsni age is much more limited than the coverage from the
detect the curb and determine if the objects oeped left side mirror because of the greater distance be
trians are on the sidewalk. If they are on thewak tween driver and mirror. Many buses have a second
an alarm does not need to be generated. Similady pmirror for each side with a convex surface givihg t
destrians might be considered safe if they aredstgn driver a larger field of view. But it is very difult to
between parked cars. estimate distances with the convex mirror and it is
therefore hard to judge if a situation is dangerdts
also needs to be mentioned that the right sideomisr
sometimes obstructed by passengers standing in the
bus close to the door, either because the busllis fu

3 Collision types and cover age areas .
beyond capacity or because passengers are slow to
A more detailed look at the data from Table 2 ré&veamaove to the back of the bus.

that about 75% of all collisions could have been de —_—
tected by side looking sensor. It also tells uat there Jﬂmm ﬁ&\;‘;‘;;;";::“‘1

is a great variety of collision types, thereforsimple
approach is not possible.

by RHS mior

In more detail, the following types of collisionsea
detectable by a side-looking sensor: off road, lane..
change / merge, sideswipe, entering or leavingqmhrk| ™
positions, entering at an angle, and collision wath
pedestrian. In some of those cases, such as héting
object off the road, the impact may be on the frait
the bus; but a side-looking sensor, capable ofctiate 5
the curb, is the easiest way to detect that tha<bimsa —
dangerous situation. In other cases, such as lape e
change/merge, the impact may be with an overtakirg9ure 3 Field of view of a bus driver. Note the very
vehicle, so the sensor would have to look to tiae as |Imited FOV in the side mirrors, and the occluded
well as to the side. The range of a side-lookimsee 23S that are blocked by the mirrors, the dash, and
may need to go as small as a few inches; or aasfar the till.

many tens of meters, to detect a high-speed ovegak

vehicle.

A - Ares infront of bus ohscured by dashhoard
B - Area i front of bus obsoured by finchox
€ - Area infront of s obscured by mimors
Areamt

covered by marars

Longiinadingl View

Boear of bus

It is worth singling out for attention that the stic 4 Sensing
lane change/merge accident, for which commercidlhe discussions in the previous sections tell uatvah
sensors are designed, accounts for about 6% of tB&VS need to be able to do. To summarize, an ideal
total number of bus accidents, and none of thdifataCWS for a transit bus should have the followingasap
ties in our sample. bilities:
1. Detect objects underneath the bus (at least in
front of the tires).



2. Full 360-degree coverage around the bus atformation for safer operation. In a typical sitioa, a
very short distances, especially in front and tetereo or video + laser sensor could trigger a Sitna

the right side. alert, and the driver could then examine the approp
3. Side and rear coverage for lane change mate video image to assess the severity of thetthrea
noeuvres.

4. High resolution - approximately 1 inch at 65 £\,turework
feet for curb detection.

5. Distinguish cars from pedestrians. There are a few things about the accident stegistic
6. Spot rap|d|y approaching vehicles at |OngeWhiCh we still want to inVestigate. We want to fiadt
distances. if there is any correlation between the indicatoeing

7. Estimate Ve|0city of vehicles and pedestrians(_)n and side collisions. In other WordS, is it sblesto

8. The sensor system should not be too expei{ldude the status of the indicator in the trlg@mthe
sive (< $5,000) alarm? Furthermore we are trying to get information

9. Few sensors about near misses. We will address these issues by
10. Re|iab|el easy to maintain’ and easy to use haVing bus drivers fill our questionnaires with gue
tions related to accidents they have been involned
It is likely that no single sensor can fulfil aliese re- and dangerous situations they encounter frequently.
quirements. We are investigating a number of sensor
systems. One suite of sensors that is potentiaifjul \We have started to build and test a sensor syseem d

is based on video sensing. It has the followingatia Scribed in the previous section. We will try todithe
teristics: optimal configuration of video cameras and laser di

odes and test the system first by mounting it aam
1. Stereo cameras for 3D coverage and identification and then on a transit bus while it is in operation.
Using two cameras in a stereo configuration isisuff
cient to obtain 3-D information, especially thegarto

Top wew Back wew
the object [5]. Monitoring the objects location ove L
time lets one calculate the velocity. This can be a e R |laser
complished even while the bus is in motion. Witk th L . o objeets
help of recognition programs it is possible to itlfgn b amera H

people, objects, and vehicles as such. This infdoma

would be input to the warning algorithm software fo
use in alerting the operator when necessary. Aester ourh + clject
camera pair may also be sufficient for a detectigs:
tem for vehicles approaching too rapidly from tean

camera
H

A .

2. Video and laser diode for curb and close object ~Fi9ure 4 Video and laser diode as sensor system. The
detection line projected by the laser isindicated as a thick line,

A single video camera gives a 2-D picture. By usin{1€ 9rey area is the plane in which objects can be de-

the fanned-out light of a low poser laser to pradac ected.

thin line of light and having a camera monitorist

line from a certain distance one can obtain a senfso

high resolution. This sensor vinI m_ainly be_ used t%cknowledgements

detect the curb, but it also gives information abou

objects close to the bus. The working principle idhis work was partially sponsored by PennDOT under
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3. Single cameras as a visual aid. are those of the authors and not necessarily tbbse
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