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Executive Summary

Aftermarket sideview camera systems have been used in the RV industry in recent years to
effectively provide the driver better side views eliminating the blind zones. During the first
phase of this project, available aftermarket sideview systems were tested for their
effectiveness in reducing or eliminating blind zones, thus aiding drivers in reducing side
collisions on transit buses. The first phase showed positive results and the potential for
further implementation. The cameras used were had wide angle views (100 degrees), and
potentially provide too much information to the drivers.

During this second phase of the project, an integrated camera-mirror system (hybrid
system) was developed and tested. The developed camera system had 65-degree horizontal
view, which was adequate to cover the side blind zones. The initial system was tested in a
controlled driving test with 29 drivers. The drivers used the system to drive the bus and
identify objects placed around the bus. Comparison was performed with the mirrors only vs.
the hybrid system. Statistical analysis showed that with the camera system, drivers had a
96-98 percent correct identification of the location of the object vs. 70-78 percent with the
mirrors only. Also surprisingly, drivers were faster in identifying the objects using the
camera system, even though two additional search locations were present with the camera
system. Driver feedback also showed that the majority of drivers agreed that the system
can eliminate blind zones, and thus help drivers reduce side collisions by providing better
side views.

The recommendations of the drivers were taken into account when finalizing the system to
be used for a longer field deployment that occurred in the second part of this project. For
the type A bus, the most common transit vehicle, a weatherproof housing was developed for
the cameras, to protect them from water, dust, and other environmental factors. For the
cutaway bus, a smaller bus used for paratransit services, a system obtained from a
company that specializes in mirror-camera integration was used.

The field deployment showed that the camera system must meet stringent criteria to be
used in the field. Drivers were overall positive about the experience even though there were
initial problems with fogging that were overcome. The majority of drivers agreed that the
camera system reduces or eliminates the blind zones and is effective in reducing side
crashes. One of the reported problems of the system is that during nighttime driving, the
headlights of passing vehicles tend to be distracting. This particular issue was not
investigated further, even though the cameras were chosen because they reduce blooming
and light bleed-through, and they recover relatively fast from this effect. Further research
might shed light on this problem, because if it is not addressed, the system can become
potentially hazardous in extreme cases.

Both the driving test and field deployment helped identify major factors to aid in the
development of specifications for such systems. Using the results from the testing and
literature review, recommendations for specifications were compiled to help practitioners,
industry professionals, and operating managers when choosing such systems for their
fleets.
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Chapter 1 Introduction

Side collisions, including sideswipe and angle crashes, make up the highest percentage of
transit collisions, accounting for more than 40 percent of all crashes (Wang et al., 2003).
Camera-based systems have great potential to provide drivers with views of the blind zones
that exist due to the inability of mirrors to cover those zones. This side view camera system
has great potential to enhance the existing mirrors and provide drivers with a clear view of
the sides of the bus, especially during common lane changing maneuvers. It can eliminate
the need for mirror adjustments, especially in the case of rotating drivers of an in-service
bus. It can also eliminate the danger of right side bus mirrors hitting passengers waiting for
the bus.

Previous research on side view camera systems includes comparisons between mirrors,
sensors, and camera-based systems as collision avoidance technologies. Findings showed
that the sensor-based systems were not reliable; they provided false warnings and, with
time, were rendered unusable by the drivers (Dunn et al., 2007).

Aftermarket side view camera systems were studied in Phase I of this project using a
controlled driving test to assess the systems’ effectiveness in a controlled environment. The
result of the controlled driving test showed convincing potential use of the side view camera
systems to reduce transit bus side collisions. The side view camera system can reduce or
eliminate blind zones. The video system provides a much better view than the mirrors under
rainy conditions and at night due to the use of infrared illumination (Lin et al., 2010). The
feedback received from the 28 bus drivers that participated in the controlled driving test
was positive. Based on the findings from Phase I, the existing aftermarket side view
camera systems used in the Phase I study can be further enhanced to achieve the best
results. A field deployment with existing mirror systems and enhanced side view camera
systems through local transit agencies along with a comprehensive evaluation was carried
out in Phase II to evaluate its effectiveness.

Research Objectives

Available side view camera systems on the market are mostly used for commercial and
recreational vehicles as supplemental tools to the existing mirror systems. The specifications
of these side view camera systems vary greatly, depending on the market they are
designed for. Specific research on the effectiveness of mirror systems combined with side
view camera systems is still very limited. Therefore, the major purpose of the second phase
of the project was to evaluate an integrated mirror and camera system for transit buses,
and recommend specifications for such a system for potential widespread use in the future.

This project had four primary objectives:

1) Design and produce an appropriate integrated mirror and camera system with
cooperation from manufacturers.

2) Deploy integrated mirror and camera systems at local transit agencies for a
period of time to evaluate and improve the system.

3) Collect field data, analyze performance, and obtain feedback from various drivers
participating in the study.

4) Develop specifications for an integrated mirror and camera system appropriate
for use to enhance the safety for transit buses.



Literature Review

The current efforts to reduce side collisions of transit buses focuses primarily on developing
automatic object detection systems that can help bus drivers by detecting approaching
objects as the bus is moving, and warn the driver of an eminent collision. An extensive
literature review for sideview video systems was performed in Phase I (Lin et al., 2010).
The system however was changed from the potential to replace the existing mirrors, to be
added in addition to the mirrors, thus resulting in an integrated mirror-camera hybrid
system that would better serve the drivers.

The change was decided after interviews with transit bus managers and drivers, where they
shared that changing from a mirror only to a camera only system would be a significant
change for the drivers to adjust to. The team therefore decided to develop a hybrid system
adding cameras to the existing mirrors of buses to effectively cover the blind zones.

The available aftermarket systems used in Phase I proved that they can cover the areas
around a transit bus and eliminate the blind zones that exist due to the limitation of the
mirrors. Figure 1-1Figure 1-1 shows the side and rear blind zones of two types of buses.
Type A is the most common type of bus with a low floor for easy boarding and exiting the
bus. The second is called a cutaway because of the truck body used with a passenger
compartment. It is usually shorter than the first, and used primarily in smaller transit
agencies, shorter or special routes, or for paratransit services.

Ultra Low Floor Bus

Cutaway Bus

Figure 1-1. Blind zones of type A bus and cutaway bus.

Figure 1-2 shows the blind zones of a transit bus in three dimensions which represents
reality better than a two dimensional drawing.



Figure 1-2. Three-dimensional area blind to the driver (blind zone).



Chapter 2 Development of Sideview Camera System

Existing Side Camera System

During the first phase of the project, an existing aftermarket sideview video system was
installed on buses and tested. Usually these cameras have a wide field of view covering up
to 100° horizontally. However, this wide field of view has an effect called “fish eye”. Simply
put, the wide lens is able to capture more of a scene, but the image is also more distorted.
Figure 2-1 shows the difference of the same scene with a 100° lens, versus a more normal
65° lens. It is clear that more of the scene is visible in the wide angle but with more
curvature at the edges (fish eye effect).

Figure 2-1. View from 100° angle lens (left) and 65° angle lens (right).

Figure 2-2 shows the coverage of the two mirrors that are standard on all buses, the field of
view (FOV) of a regular (65°) lens camera, and the FOV of a wide angle (100°) lens camera.
Convex mirror and camera fields of view cover the flat mirror FOV. Slightly wider angle lens
camera than the normal lens camera is expected to cover the FOV of the convex mirror. The
cameras are usually located on the side of a bus. It is apparent that these cameras have the
potential to cover as much area as the mirrors do and can provide much more coverage if
necessary. The cameras are installed at the same location on each side of the bus, unlike
the mirrors that require different brackets for the left and right mirrors.

B Flat Mirror View
B Convex Mirror View

Wide Angle Lens View
E Regular Angle Lens View

Figure 2-2. Field of view of mirrors and cameras.
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Development of Camera System

During the first phase testing, it was clear that the wide angle lens cameras were covering
the required area for the blind zones, but were providing too much of an area to the drivers.
Having a wide view is important but too much is not necessary and can have adverse effects
on the drivers. During the first controlled driving test, some drivers commented that they
could see too much on the side of the bus and sometimes could not identify which lane a
vehicle was traveling next to them. Simply put, too much information cannot be projected in
the same monitor unless the view becomes smaller.

The team therefore decided to test different angles that provide different views, thus
providing a different representation of the scene on a monitor.

Cameras

The cameras needed to have variable zooming so that different FOV could be tested. The
team decided to use a camera made by Dallmeier ®, model MDF3000A-CS shown in Figure
2-3. The technical specifications of this camera are shown in Table 2-1.

= -

Figure 2-3. Camera used in sideview system.

Table 2-1. Dallmeier Camera Technical Specifications

Dallmeier MDF3000A-CS

Camera

Sensor 1/3"@MPSEMOSHE

Signal@rocessingl 17-bit@DSPE

Video@ormatQ NTSCEFPALE

Videotaptureld Progressive@canl

VideoXaptureatel 30 psEANTSC),R25HEpsFPAL)R
Videoransferdormatf PSFEProgressiveWithBegmented®Frames)?
Videoransfer@atel 60ields@perBeconddNTSC),B0HieldsBher@BeconddPAL)R
Number@DfEffectivelpixelst 7200H)ZB40RV)E

Horizontal&esolution? 540 Viines?

Dynamic range 102 dB typical, 120 dB max.




Table 2-1. Dallmeier Camera Technical Specifications (continued)

Dynamicl@angel

102@iBypical,FL20@ BENax.Rl

B/WRind&Zolor@nodel

Yeskl

Signal®@oMNoise@atiol

> 8@IBE

Brightness@djustmentf

(ALCEIBAE)AAutomaticl@anual@

Adjustable@vhitedbalancel

ATW,FAWB,EMWBH2000& o 1000K)

AGCH

BrightnessEnd@aindimitEdjustable, &I BR o 8 BE!

Gammal@orrectionl

Automatic@anuall

Synchronizationf

Internl

LightBensitivityl 0.5dux®F0.95;FB0dRE )R

AE[Presetsh 7B

SlowBhutter UpEo@BxE

Backlight@ompensationl Yes,AvithEdjustable@acklightonel
Digitalzoom[ 4x@

Configurationl@

Outlined®DSDAEia@JTCRommandsk

Lens@nount® CS-mount,E-mount@vithBEnmEdapter?
IRFilter® BuiltAnARREutHilterREN DHilter®
Privacyizonel viaPrivacyZone@BoxEl

PowerBupplyZ 12VED CEBD %L

Poweronsumptionk Max2WE

Weightl Approx.A46FA

Temperatureld -10°C& 50°C,®°-35°Ctecommended
Lens

Focaldlengthl f=2.8-8@nmel

ZoomBFocus&ontrol? Manual®

Iris@ontrol@ DCEutofrisk

Iris@angel]

F0.95@ T360Fequivalent®oF360)x

AngleBf@iewdHEV )R

99°XF 3 Hwide®nd),B5° KR 6°Htele@nd)E

MinimumBbject@listancedM.O.D. )&

0.3EnR

Object@imensions@tiM.O.D.AHEV)R

73659 MAwide®nd),A196EE 45@n mAtele@nd)R

Neutral®@lensitydilterdNDHilter)?

Built-in&

This camera had several features that were beneficial and necessary for a sideview video

system application. These features included automatic gain control (AGC) for adjusting the
image quality automatically, built-in automatic infrared (IR) filter, manually adjustable field
of view (FOV) and focus, compact size, and power requirements. The cameras were
calibrated by mounting them at their relative installation height and adjusting the lenses to
allow for a 60° FOV using calibration markers and refocusing. The camera view was
adjusted manually after installation on the vehicle. The housing mounts allow for vertical
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and horizontal rotation. Figure 2-4 shows the two extremes for the FOV which represent the
99° wide end and the 35° tele end. The red dashed line represents the angle needed for the
FOV in order to cover the blind zone and thus leave no area blind to the driver.

FOV limit to cover
blind zone

[] Wide end

[] Tele end

Blind zone

Figure 2-4. Two extreme ends of the camera FOV.

Testing the camera required obtaining the horizontal and vertical dimensions and using the
help of a three dimensional software to plot the coverage area. This allowed the comparison
of the FOV and testing before the installation on a bus. One of the most important questions
of this study was to identify the appropriate FOV which would not be too much or too little.
Based on previous work, the wide angle view could cover more than three lane widths next
to the bus. Though somewhat beneficial, this was deemed to be too much information for
the drivers. Thus, the decision was made to use a field of view of 60-65° horizontally, since
this was also the limit to which the view was covering the blind zones as seen in Figure 2-4
above.

Since the selected cameras were not primarily made for outside use, a housing needed to
be fabricated for the field deployment. The camera housing used on the type A bus had to
be small, lightweight, waterproof, and have anti-fogging features. The decision was made to
fabricate the camera housing in two parts: the main body which holds the camera and its
related connector, and the glass/shade portion that would be held together with hardware



and sealed with an O-ring gasket. Figure 2-5 shows the design of the camera housing for
the Dallmeier cameras. The housing was made from PVC plastic with a glass window in the
front.

Figure 2-5. Cutaway view of the camera housing.

The main body was fabricated out of two 3”x 1”x 4.5” PVC blocks that were machined and

cemented together to form a 3”"x 3”x 4.5"” housing. The main body housed the attachment

points for the Dallmeier MDF3000A-CS camera, electrical connector, nitrogen filling valve,

and air bleeder valve. The sealing area consisted of a slot cut radially on the main body for
the fitment of an O-ring gasket. Sealed threaded inserts were utilized as attachment points
for the glass/shade portion of the camera housing.

The glass/shade portion was fabricated out of 3”x 3” PVC square tubing. The tubing was cut
in order to have a shade integrated into the form. "Window frames” were machined out of
3"x 3"x 1/4” PVC and were cemented inside the square tubing. 1/8" thick glass was cut to
allow a window for the camera lens without obstruction. The glass was sealed in place and
secured between two window frames. Overall, great importance was given to the materials
used in order to achive a lightweight, durable, and robust housing to protect the cameras.
When an airtight container changes temperature, the air inside might cause the glass
surface to fog from the inside (or outside) thus blocking the view to the camera. The outside
is not a problem, but the inside fogging is a problem since there are no easy ways to clean
the moisture unless the container is opened. A similar system used in the study by Wiereille
et al. (2008) dealt with this problem by introducing pressurized nitrogen into the housing
with the air-bleeder valve open to displace the air inside with nitrogen. A nitrogen filled
environment does not allow for any moisture to exist. The housings were therefore filled
with pressurized nitrogen gas. Another method to achieve this was to use silica gel inside
the housing. One of the housings was initially filled with silica gel packets, but the quantity
was not enough to absorb the moisture created inside the housing. It was later changed to
nitrogen filled as well.

Figure 2-6 shows all the design views of the housing. It was designed to have some

aerodynamic component and to deflect air. Also there is shade to provide some cover from
the sun for the camera as seen on the right and left view.
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Top View

I

b

Back View Right View Left View

Bottom View

Figure 2-6. Views of camera housing.

These cameras were used only for the type A bus. For the cutaway bus, an aftermarket
system by VELVAC ® was used, since it was made specifically for the purpose and was
meeting the requirements chosen by the team. The camera used in this system has similar
characteristics with the Dallmeier, and provides a similar view. It is also manufactured in
combination with a flat-convex mirror for cutaway buses. The technical specifications of the
camera are shown in Table 2-2. The camera was installed in a custom housing underneath
the mirror housing shown in Figure 2-7. The camera was angled downward at 17° and can
be adjusted for left or right alignment after installation so that it can provide the optimum
visibility to the driver.



Table 2-2. Velvac Camera Technical Specifications

Weight 0.33dbx

Camera Type CMOSE

B/W or Color ColorEnd®B/WHIR)E]
Power System 12A/EDCE
Waterproof YesAPX7[

Viewing Angle (degree) 65°Morizontal?

IR LED Low Light Enhancement Yeshl

Built-in Microphone Nofl

Video Output Signal Format NTSCH

Sensor (Inches) 1/40

Shutter ElectronicArisk
Image Orientation MirrordReversed)
Impact Resistant Plastic Housing | Yesl

Machined Aluminum Body Yeshl

Figure 2-7. Mirror-camera system used for cutaway bus.

Monitors

The monitors used in this study were chosen for their features and size. For the type A bus
system in conjunction with the Dallmeier cameras, one Voyager 7” LCD monitor, and one
Accelevision 8” LCD monitor were used. For the cutaway bus, two Voyager 7” LCD monitors
were used since the space is limited on the driver dashboard. Figure 2-8 shows the 7"
monitor and the 8” monitor used in combination with the cameras to complete the sideview
video system. The specifications of the 7” monitor and 8” monitor used in the systems are
shown in Table 2-3 and Table 2-4. The right monitor for the type A bus was chosen to be 8”
because of feedback received from drivers during Phase I. The drivers reported that they
wanted the right monitor to be larger than the 7” used.

The monitors were robust and tested for commercial use in order to withstand the harsh
environment of transit buses.
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Figure 2-8. 7” (left) and 8” (right) monitors used for the sideview camera system.

Table 2-3. Seven-Inch Monitor Technical Specifications

Voyager AOM-711

Size/Typel 7"{Diagonal)aTFT-LCDE

Brightnessi 500&d/m> ™™

ContrastiRatiol 300@max)@

ViewBAngles? Topd12@'clock)a 50°gmin)&

(@CR2 10)8 Bottom@6@'clock)d 70°@min)E
Horizontall ¥ 0°@Amin)&

Rise:A 2@msHtyp);R4EsAmax)2
Fall:EA 8EmsHtyp);B6EMsAmax)a
Backdight@ifel 10,0000 rEmin)@
OperationfTemperature@angell| -20FCEtoE-65ECR
StoragefTemperatureRangel | -35FCEto@85FCE

ResponselTimel

Operation®/oltage@®angel DCELO.5A/®oFB2A/E
Current@rawltypical)& 15BNVEmax)e
Signal@ystem ggfei??: L{Auto
Videod AspectRatiol 16:90
InputfLevell 1/ p-pE7 5D
Audiol Inputevell Max@D.2[@V-150EnVE)
Product@eight? 1.43HbEEBH 50
Product@®imensionsf 7.75"Wa&3.25"HXEL. 25" DB
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Table 2-4. Eight-Inch Monitor Technical Specifications

Accelevision LCDP8SVGA

Size/Typel

8"HDiagonal)aTFT-LCDA

BrightnessH 220 d/m>
Resolutionl 800&®BO0E
Top12@'clock)? 40°Emin)E
ViewAngles? Bottom@6@'clock)a 65°Emin)&
Horizontall B5°@min)a
Backightypel CCFLR
OperationfTemperature@angell| -0FCEtoE-50FCR
StoragefTemperatureRangel | -30FCEtoF-60FCE
Operation®oltage@®angel DCEL 2/ZHA 5%0
Current@rawltypical)& 950N AR
Signal@ystem@l NTSC, ALV GA(SVGA)R
VideoR Inputevell 1/ p-pFF 5
Producteightl 1.470bE®70gR

Product@imensions

8.6250"WX®.4375"H&E.4375"DE
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Chapter 3 Controlled Driving Test

One of the methods used to evaluate a safety enhancement device is to perform a driving
test under controlled conditions. The driving test can collect certain data pertaining to the
use of the system by drivers and its effectiveness on the safety aspect tested. A driver test
requires drivers from the relevant population, in this case, transit bus drivers, driving a bus
equipped with the safety enhancement device, in this case, the sideview video system,
performing certain maneuvers designed to test different aspects of the system.

The purpose of the controlled driving test was to measure how fast and accurate, transit
drivers could identify an object using the mirrors only, or using the combination of camera-
mirror system. In addition, the test was used to obtain feedback from the drivers on the
system’s effectiveness to aid the driver in identifying potentially hazardous situations they
cannot identify with the mirrors.

Test Design

The test consisted of two parts:
1. Driving the bus to get familiar with the system.
2. Object detection/recognition test.

The driving test was performed on May 8-9, 2012 at the StarMetro Transit Agency in
Tallahassee, FL. The bus parking lot was utilized for the closed course since the test could
not be conducted on public roads. Figure 3-1 shows the location and route the drivers took
to complete the first part of the test. The parking lot was empty at the time since almost all
buses were in service.

*ackson|BIuffiRdE o

Figure 3-1. Controlled test (closed course) route.
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A closed loop driving course was designed. Drivers were provided with a limited time to
experience the sideview video system and use it before they performed the object detection
test. This allowed for some learning and exposure time. The course consisted of left and
right turns.

Before the drivers drove the course, they were advised to use the sideview video system as
they would have used their side mirrors in order to follow the course. After the drivers drove
the bus around the closed course twice, they proceeded to perform the next part of the test,
unless they felt they needed more time to get familiar with the system.

The second part was designed to measure if the drivers could identify an object (traffic
cone) and a person placed at different places around the bus while the bus was static. The
test was performed twice: once using the mirrors only and once with the mirror-camera
combination. This allowed the measurement of the effectiveness of the camera system in
aiding the drivers to identify the objects correctly, and quickly. The test included both types
of buses, equipped with the systems described in Chapter 2. The cameras were not placed
in their final housing at that time. Predetermined random locations were chosen for both the
traffic cone and the person. Figure 3-2 shows the position/order where the cone (%) and
the person (<22) were placed in the order shown in increasing numbers (1,2,3...) at
random order for each driver. Each driver was given a 35-dollar incentive for participating in
the test. This was a volunteer participation and approved (USF IRB #00006235). The
materials given to the drivers can be found in Appendix A.

A B C D
Type A bus
7,13 12,22
8,19 914 2,23 18

1,20 3,24 10,18
11,21 5,17

Figure 3-2. Layout for the object detection/recognition test (type A bus).
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Figure 3-3. Layout for the object detection/recognition test (cutaway bus).

Subjects were instructed that on a few of the tasks there might not be an object present.
This helped to prevent guessing. The drivers were asked to report "undetectable" when they
could not see an object, and it was considered the appropriate response, so subjects were
discouraged from guessing. This allowed comparison of the number of undetectable
responses with and without the camera system. Results were scored in terms of correctness
of object location, correctness of object location and identification (combined), and response
time. A maximum time was selected as 30 seconds because objects were not always
detectable regardless of time allowed. However, there were no cases where response time
exceeded 30 seconds. Drivers who could not find an object simply said it was undetectable.
This always occurred in less than 30 seconds, so selection of the value became irrelevant.

Table 3-1. Object Presentation Scheme for the Object Detection Test

Bus Type With Camera Without Camera (mirror only)
Type A 1,4,5,7,10,12,15,17,19,20,23,24 | 2,3,6,9,8,11,13,14,16,18,21,22
Cutaway 3,4,5,6,9,11,13,15,17,19 1,2,7,8,10,12,14,16,18,20

The steps taken to conduct this test were as follows:

1. The driver was asked to park the bus at the predetermined location.

2. The driver was instructed to look down, and wait until the test administrator
instructed him/her to look up and scan mirrors and monitors (if they were on) and
identify if, what, and where they could see the object.

3. The test administrator was outside communicating with a two way radio and
randomly putting the cone or themselves in the predetermined position.

4. When the driver reported what they could see and where, the administrator would
also record the time it took the driver to scan, identify, and report.

15



5. The test was completed when all combinations of locations/objects were performed.

The cameras and monitors were temporarily installed on the buses using suction cups on
the type A bus shown in Figure 3-4. The monitors were installed at the A-pillar for the left,
and above the GPS travel logger screen next to the driver, as shown in Figure 3-5.

Figure 3-5. Left and right side monitors on type A bus.
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Figure 3-6. The type A bus used for the driving test.

On the cutaway bus, since space was an issue, two 7” monitors were used. The cameras
used were mounted on the mirror arms since this was the best location identified to achieve
the required view. The cameras were angled so that the drivers could see the edge of the
bus on the edge of the monitor, just like a mirror would be adjusted for optimum viewing.

Figure 3-7. Left and right cameras used on the cutaway bus.
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Figure 3-9. The cutaway bus used for the driving test.
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Results of the Controlled Driving Test

During testing on the type A bus, it became clear from the first couple of tries that the pairs
(7,13) and (12,22) from the testing sequence found in Figure 3-2 were not beneficial
because they were placed too close to the driver on the left and in the direct field of view
from the passenger door on the right. The drivers could see the cone and the person too
easily so the decision was made to remove the two locations and four points from the
testing. The remaining data provided 20 data points, or 10 pairs for each of the buses.

A total of 29 drivers participated in the driving test. Sixteen drivers drove the type A bus,
and 13 drivers drove the cutaway. The drivers were separated because each driver drives
only one of the two types of buses regularly. In other words, a driver that drives the
cutaway bus does not drive the type A bus and vice versa. The first analysis was directed at
correctness of object location. Table 3-2 shows the results. There were 10 pairs for each of
the 29 total subjects, resulting in a total of 290 trials for mirror (baseline) and 290 trials for
the camera system (enhancement).

Table 3-2. Correctness of Location as a Function of Baseline vs. Enhancement

Correct | Incorrect
Mirror (baseline) 202 96
Camera (enhancement) 279 12

A chi-square analysis demonstrated a significant difference between the baseline and
enhancement conditions: x?(1) = 65.675, p < 0.0001. This result shows that object location
determination was significantly better with the enhancement than with baseline. In terms of
comparison, subjects provided the correct location of objects 96.2 percent of the time with
the enhancement operating and 69.7 percent of the time with baseline. The correctness of
identification was 100 percent accurate for all drivers since there were only two objects and
easily identified. All tests were performed during daylight conditions.

Driver Side Analysis

Subsets of the data were also examined by side of the bus. These data were intended to
determine if the enhancement was helpful, depending on the general location of the object,
that is, to which side. In regard to the driver side, all pairs appearing in columns A and B in
Figures 3-2 and 3-3 were included. There were 10 pairs on the driver side, as the figure
shows. Data for these 10 pairs were extracted and analyzed. The chi-square test showed
that there was a significantly better location determination with the enhancement than with
baseline conditions: x2(1) = 23.179, p < 0.0001. Shown in Table 3-3, 96.9 percent of
drivers correctly identified the location with enhancement vs. 79.1 percent in the baseline
condition.

Table 3-3. Correctness of Location as a function of Baseline vs. Enhancement for
Driver Side.

Correct Incorrect
Mirror (baseline) 102 27
Camera (enhancement) 156 5
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Passenger Side Analysis

This analysis was carried out in a manner similar to the driver side analysis, except that
pairs in columns C & D were used. In this case there were, again, 10 pairs. The data were
again analyzed statistically and were found to result in significance using a chi-square test:
x?(1) = 4.094, p < 0.0001. Table 3-4 shows that the subjects correctly located objects on
the passenger side with the enhancement 98.4 percent of the time, whereas only 70.2
percent of the time in the baseline condition.

Table 3-4. Correctness of Location as a Function of Baseline vs. Enhancement for
Passenger Side.

Correct Incorrect
Mirror (baseline) 113 48
Camera (enhancement) 127 2

Response Time

In these analyses, response times were analyzed regardless of correctness. In other words,
this analysis was simply response time from the cue to begin the search until the subject
responded with a location, whether correct or incorrect. In each case, a two (baseline
versus Enhancement) by 10 (Object location-Type) within-subject ANOVA was performed,
using the data from the 29 subjects. The baseline versus enhancement main effect was
significant, F(1, 28) = 7.972, p < 0.001. The main effect of object location-type was
significant, F(9, 261) = 62.434, p < 0.0001.

The main effect of baseline versus enhancement on response time, regardless of
correctness, is shown in Figure 3-10. Surprisingly, the results show that times to find
objects were faster for the enhancement condition than for the baseline condition, even
though there were more sources to scan with the enhancement condition. It can be said
that the enhancement did not add to response time, which is an important finding.

5.0127

3.9317

Time in seconds

Enhancement Baseline

Figure 3-10. Response times as a function of baseline vs. enhancement.
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The main effect of object location-type for responses regardless of correctness is shown in
Figure 3-11. Here, the response times, regardless of correctness, have been put in
ascending order. Analysis showed that the outward location-objects (Figure 3-2 and Figure
3-3), took longer to detect except the pair (9,11) for the cutaway and (4,15) for the type A.
Also note that attention should be paid to pairs (7,19) and (6,16) which have the highest
response time. These pairs were admittedly on the right side blind zone and drivers had to
move their head using the mirrors to finally identify the object.

9.00
8.00 F
7.00
é 6.00
<]
g /‘ °
£ 5.00 :/ _—
a
E __/'_F'
= el
o 4.00
g — l
o
53.00 —Q/
2.00 ==—cutaway bus
=l—type A bus
1.00 P
0.00
1 2 3 4 5 6 7 8 9 10
Pairs
cutawayRl| 10,15@| 9,11@| 4,13@ | 2,14F| 5,17@| 1,18F | 6,12R| 3,200 | 816 [ 7,190
typelAR 2,230 | 3,24R1| 4,15F | 11,21R| 9,14RF | 1,20@| 5,178 10,187 &,19¢ | 6,16F

Figure 3-11. Main effect of object-location-type pair on response time.

The interactive effect is shown in Figure 3-12 which includes only the pairs from both buses
that had one trial the baseline, and the other trial the enhancement. The figure shows that
in both types of buses, several of the very long response time pairs were substantially
improved (shortened) by the presence of the enhanced condition except in one case, pair
(3,20) in the cutaway bus. As shown in Figure 3-3, this pair was at the right side at the
farthest location possible from the driver and therefore could be in the edges of the visible
view from both mirror and camera.

Taken together, the results suggest that the enhancement is effective in reducing the
search times and also in improving the accuracy of object location and type detection.
Results demonstrate statistically significant improvements on the passenger side as well as
improvements in general.

21



9.00

8.00 ®

N
o
o

o
o
o

Y
o
o
@
>
@

w

o

o
_.

Response time in seconds
o
o
o
@
>—o

g
o
o

1.00 ® Baseline

A Enhancement
0.00 |

(10,15) (3,20) (7,19) (6,12) (2,23) (3,24) (10,18) (8,19)

P dairs o

Cutaway Type A

Figure 3-12. Interaction of baseline vs. enhancement with object location-type
pair on response time.

Driver Survey

Drivers participating in the controlled test were asked to provide feedback with a series of
questions shown in Appendix A. Questions 1-6 were asked before the drivers drove the
equipped bus. After they experienced the system, and completed the object detection test,
they finished answering the rest of the questions. Some questions were the same from
before and after so a comparison and potential shift in opinion could be captured.

Driver Demographics

The 29 participating drivers had the age distribution shown in Figure 3-13 and an average of
7.88 years of driving experience with 1 year minimum and 30 maximum. Twenty percent
had previous experience with a camera aid system and 43.3 percent had a previous side
crash while driving a bus.
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Bus Type

- EType A
20.0% ECutaway

Percent

Under 25 26-30 31-40

Driver Age.

Figure 3-13. Driver age distribution.

Responses to Questions

Approximately 86 percent of drivers of both buses agreed that the mirrors become less
effective when it is raining.

Bus Type
- .TypeA
30.0% E cutaway
20.0%
-
c
[
2
[
o
Strongly  Agree  Somewhat Somewhat Disagree  Strongly
Agree Agree  Disagree Disagree

The side mirrors become less effective during rainy
weather due to the water droplets on the window
glass and mirrors.

Figure 3-14. Responses to Q1.
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Bus Type

W Type &
H Cutaway

25.0%

20.0% | ‘

Strongly Agres Somewhat Somewhat Disagres Strongly
Agres Agres Dizsagres Disagres

It is difficult to identify an object/person with the
side mirrors during nighttime.

Percent

Figure 3-15. Responses to Q2.

An opinion shift was recorded towards more agreement with the statement asked in Q3 and
Q7. Drivers that replied they completely agree increased from 27 percent to 40 percent for
the type A bus and from 18 percent to 20 percent after taking the test.

Bus Type Bus Type
100.0% EType A 100.0% EType A
Ecutaway MEcutaway
80.0% 80.0%=
e €
® 60.0% o E0.0%
o o
@ o
o o
40.0% 40.0%
20.0% 20.0%
0.0%— 0.0%— T T
Strongly Agree  Somewhat Somewhat Disagree  Strongly Strongly Agree  Somewhat Somewhat Disagree  Strongly
Agree Agree Disagree Disagree Agree Agree Disagree Dizagree

With the addition of the sideview video system, With the sideview video system, the side blind
the side blind spots are reduced/eliminated

spots are reduced/eliminated compared to
compared to conventional mirrors only. conventional mirrors.

Figure 3-16. Responses to Q3 (left) asked before, and Q7 (right) asked after the
test.
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Bus Type
Bus Type yP

100.0% EType A
100.0% HEType A HEcutaway
Ecutaway

80.0%— B0.0%7
t t
£ g00%] o E0.0%
o 2
p @
2 o

40.0% 40.0%"]

20.0% 20.0%

0.0%—

T T
Strongly Agree  Somewhat Somewhat Disagree  Strongly Strongly Agree  Somewhat Somewhat Disagree  Strongly
Agree Agree Disagree Disagree Agree Agree Disagree Disagree

The sideview video system can help drivers The sideview video system can help drivers to
reduce side crashes (sideswipe, turns, angle

(sl 1 reduce side crashes (sideswipe, turns, angle
crashes) by providing a better view. crashes) by providing a better view.

Figure 3-17. Responses to Q4 (left) asked before, and Q8 (right) asked after the

test.
Bus Type Bus Type
100.0%= WType A 100.0%] EType A
B cutaway Ecutaway
80.0% 50.0%
£ €
S 60.0%- S e00%-
o o
1 B
[T] [ ]
o o
40.0% 40.0%
20.0%= 20.0%
0.0%= 0.0%— T T
Strongly Agree  Somewhat Somewhat Disagree  Strongly Strongly Agree  Somewhat Somewhat Disagree  Strongly
Agree Agree Disagree Disagree Agree Agree Disagree Disagree

In general, the sideview video system can

In general, the sideview video system can
improve bus safety.

improve bus safety.

Figure 3-18. Responses to Q5 (left) asked before, and Q9 (right) asked after the
test.
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Bus Type Bus Type
100.0% EType A 100.0%—| W Type &
Ecutaway W Cutaway
80.0% B80.0%=
€ €
o 60.0% o 60.0%—
2 2
[} [}
o o
40.0% 40.0%=]
20.0%-1 20.0%—
0.0%= 0.0%=
Strongly Agree  Somewhat Somewhat Disagree  Strongly Strongly Agree  Somewhat Somewhat Disagree  Strongly
Agree Agree Disagree Disagree

Agree Agree Dizagree Dizagree
The use of the sideview video system is easy The use of the sideview video system is easy
and can be adopted quickly. and can be adopted quickly.

Figure 3-19. Responses to Q6 (left) asked before, and Q7 (right) asked after the
test.

Bus Type

40.0% EType &
Ecutaway

30.0%

Percent

T T
Strongly Agree Somewhat Somewhat Disagree Strongly
Agree Agree Disagree Disagree

With the sideview camera system you can
observe the boarding and late arriving
passengers better than with the side mirror?

Figure 3-20. Responses to Q11.
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Percent

30.0%

20.0%7

10.0%

0.0%~

Bus Type

B Type A
W Cutaway

T
Strongly Agree Somewhat Somewhat Disagree  Strongly
Agree Agree Disagree Disagres

You can comfortably drive the bus with the
sideview video system.

Figure 3-21. Responses to Q17.

40.0%

30.0%

20.0%

10.0%

0.0%

Bus Type

W Type A
H cutaway

T T
0 Abzolutely Probably Mo Yes Probably Absolutely
Mo Mo Yes Yes

Would you like to have a sideview video system
in the bus you drive every day?

Figure 3-22. Responses to Q18.
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System Setup

The drivers were also asked questions pertaining to the monitor location and size
combination. The setup was slightly different for the two buses: type A had a scenario more
like setup 2 but the right monitor was in the center console; the cutaway bus was exactly
like setup 2. The percent replies can be seen in Figure 3-23. They were combined for the

two bus types.

Setup 4

6.7% 20.0%

Figure 3-23. Monitor setup scenarios.

The drivers were also asked to comment on the monitor size. Not surprisingly, cutaway
drivers would like the 7 inch monitors, whereas with the type A bus, since it is larger and
has more space, drivers shifted toward the bigger sizes. Note that the actual sizes used
were 7-inch monitors for the cutaway bus and a 7-inch left and 8-inch right for the type A

bus. The question however asked 7, 9 or 10-inch on purpose to understand if drivers
preferred a bigger monitor.
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Bus Type

40.0% EType &
E cutaway

30.0%

Percent

20.0%

10.0%

both 7 inch both 9 inch both 10 inch driver side 7
inches and
passenger side 9-
10inches

Monitor Size.
Figure 3-24. Driver response for monitor size.

General comments from the drivers included the following:

Really good idea!!!

I really enjoy sideview cameras, greatly considered

I feel like the cameras should be close to the existing ones in place, since your already use
to looking in that direction

As long as it's place in a good spot it's a great system- thank for letting me be a part of
study

The sideview system would be a great addition to bus safety

Nice system

I really like monitors. You can pick objects up faster

Not at this time

I think the sideview video will allow the drivers to see everything there will not be no blind
spots

I really liked the sideview video system, it honestly eliminates blind spots that the
conventional mirrors does not catch. I had a problem with the positioning of the monitors.
But that was later specified

I think placement of monitors should be where there is no sun glare
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Chapter 4 Field Deployment

After the controlled driving test, the systems needed to be tested on actual transit routes.
This would allow the drivers to offer feedback on the system based on driving in their
everyday environment. For the type A bus, the camera system described in Chapter 2 was
used. The cameras were mounted on the mirror brackets with stainless steel rings to
prevent rust. They were adjusted to have a 65° horizontal view, and aimed so that the
driver could see the edge of the bus in the monitors. On the left side, a 7-inch monitor was
installed at the vehicle’s left A-pillar. On the right side, a 8-inch monitor was installed to the
right of the driver console. They were wired so that they were engaged once the ignition
was switched on.

LeeTran in Ft. Myers, FL, agreed to help with the deployment of the camera systems on two
of their buses. The system on the type A bus was installed on July 1, 2012, and results were
obtained continuously until November 7, 2012. The cutaway bus was equipped on October
11, 2012, and data were obtained until November 15, 2012,

Figure 4-1 shows the camera installed on the left side mirror. The camera was installed in
such a way so that it did not extend beyond the mirror, as illustrated in Figure 4-2.

Figure 4-1. Left side camera installed on type A bus.
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Figure 4-2. Clearance between camera and mirror outline.

The right side camera was installed on the bracket of the right mirror. Shown in Figure 4-3,
the mirror on the right side was mounted at highest point of the bus and not in the middle
of the height as on the driver side. Careful placement was achieved on this side as well so

that there was clearance between the camera and the outline of the mirror similar to the
driver side.

Figure 4-3. Right side camera installed on type A bus.
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The monitors were installed as shown in Figure 4-4. Sun visors were also used on the
monitors to reduce glare from the sun light. The monitor views can be seen in Figure 4-5.

Figure 4-4. Monitors installed in the type A bus.

The operations manager was advised to instruct the drivers on how to use the system and
collect their feedback. An online survey was set up so that the drivers could take the survey
once every week. The survey questions can be found in Appendix B. The operations
manager was also instructed to rotate as many drivers as feasible on the bus equipped with
the system.

Figure 4-5. View from the monitors installed in the type A bus.

For the cutaway bus, the decision was made to use the system desighed and developed by
Velvac ® as described in Chapter 2. The complete system included the mirrors with
brackets, and cameras installed on the same housing. Figure 4-6 shows the right side hybrid
camera system, and Figure 4-7 shows the left side hybrid system installed on the cutaway
bus.
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Figure 4-7. Left side mirror-camera system.

The two monitors were installed on the dashboard as shown in Figure 4-8. The left side
monitor was installed in the corner of the left A-pillar. The right side monitor was also
installed on the right A-pillar. This change was decided because of feedback from the
controlled driving test. Drivers felt that the monitor which was installed by the cup holders,
was too out of the way of the driver’s eye sight and thus not beneficial. Raising it up and in
the middle of the dashboard similar to the type A bus was not possible because the
dashboard of these buses is high (like a passenger car) and installing the monitor there
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would block the driver’s view. After consideration of all the factors, the decision was made
to install it to the right A-pillar even if the view would be slightly farther from the driver.

Figure 4-8. Monitors installed on dashboard of cutaway bus.

A close-up of the camera is shown in Figure 4-9. The major difference of this camera from
the cameras used in the type A bus was that these were equipped with infrared illumination,
capable of providing light to the camera even in complete darkness.

Figure 4-9. Close-up of the camera used on the cutaway bus.
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The view from the monitors installed in the cutaway bus is shown in Figure 4-10. The
system was connected in such a way that it would engage when the ignition was switched
on, similarly to the type A bus. The drivers had the option to switch the system off manually
if they deemed it too distracting for safety reasons.

voyager®

@ |

Figure 4-10. View from the monitors installed in the cutaway bus.

Results of the Field Deployment

The respondent drivers were all male, 50 percent in the 41-50 year old group and 50
percent in the 50+ age group. The drivers had an average of 14.5 years of driving
experience (2 yr min, 40 yr max).One driver had a previous side crash. Thirty seven percent
of drivers had previous experience with a camera system (any aid system). Table 4-1
summarizes the responses received from the questions found in Appendix B. Even though
more options were given in the form of a scale, the results are summarized in two
categories: agree, disagree. For example, if one driver answered strongly agree and one
driver somewhat agree, then both drivers essentially agree on the statement. The humbers
correspond to the question order on the survey.

Table 4-1. Driver Responses to Survey Questions

Question Agree Disagree

8. With the addition of the sideview video system, the blind spots are o o
- . ) 100.0% 0.0%
reduced/eliminated compared to conventional mirrors only.

9. The sideview video system can help drivers reduce side crashes (sideswipe,

0, o,
turns, angle crashes) by providing a better view. 100.0% 0.0%

10. The sideview video system provides better view than the mirrors. 62.5% 37.5%
11. The use of the sideview video system is easy and can be adopted quickly. 75.0% 25.0%
12. You can comfortably drive the bus using the sideview system. 62.5% 37.5%
13. With the sideview camera system you can observe the boarding and late

L . - 100.0% 0.0%
arriving passengers better than the side mirror.
15. You can use the cameras even when it is raining. 62.5% 25.0%
16. The sideview system was effective while driving at night. 37.5% 50.0%
17. The glare from the vehicle headlights/taillights makes the monitors

- - . 75.0% 12.5%

unusable or not needed during night driving.
18. The monitor(s) image(s) were clear enough to be able to identify vehicles. 75.0% 25.0%
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When asked if they would like to have the sideview video system in the bus they drive every
day, 50 percent of drivers responded yes, and 50 percent said no. Some of the comments
were that they would like to have control of the adjustments, or the view of the cameras
were too distracting, especially at night because of the headlights from passing cars on the
left.

The drivers were also asked to comment about the monitor locations. When asked to place
the monitors using the following image they reported the numbers shown in parentheses.

The options given were 1-2 for the left side, and 4-6 for the right side. As a reminder, the

monitors were installed in location 1 and location 5.

25.0% 0.0% 12.5%
6%50/0 6250/0 25/60/
'3

3 I 5

Figure 4-11. Monitor location scenarios.

Finally the drivers were asked to comment on the size of the monitors and what they would
prefer. The responses are shown below.

Answerptions Smaller Samelsnihel Biggerl
busfhowe

Left monitor 62.5%0 37.5% 0.0%

Right monitor 0.0%0 100.0%E! 0.0%0
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Chapter 5 Recommendation for Specifications

General Requirements

A camera system used as an imaging enhancement is a system composed of cameras and
monitors where the monitor provides a real-time visual image of the scene captured by the
cameras. Such systems can provide views to the drivers that are otherwise blind (blind
zones) to the side of the bus. These systems can be used as enhancements to the existing
mirror system to improve the safety of the vehicle. They can only be used for driving related
activities and not for entertainment because of their driver distraction potential.

An enhancement system should provide a comprehensive view of the desired scene with
minimum distortion. Since it is supposed to deliver a real time image, there should be little-
to-no delay and provide a faithful reproduction to the driver. The field of view should not be
too narrow as it will not provide all the information, but also not too wide because it can
result in unnecessary image distortion and size compression (changing scale) as well as
distraction to the driver.

Monitors

Monitors for enhancements should not encroach on the direct forward or side scenes of the
driver’s position. Doing so would result in unnecessary tradeoff between increased blind
spots and the enhanced visibility provided by the enhancement. Monitors should be
mounted in positions such as side headers, pillars, the dash, doors, top of dash but out of
direct FOV. The A-pillars are a good location but monitors need to be small enough so that
they do not obstruct the view of the driver to the outside.

Cameras

Camera FOV must be chosen to provide coverage of the defined scene, but must not be too
wide. In addition, cameras should have adequate resolution, sensitivity range, and focus
range to perform their required functions over the operating environment. Cameras should
operate over the widest practical range of encountered light levels and other environmental
conditions so that full advantage is taken of the visibility that can be achieved with the
enhancement system.

In camera selection, particular attention should be paid to the camera having immunity
from bright light sources in the field. These include headlights, streetlights, and possibly
direct sunlight. Cameras should suppress bleed-through and blooming, and should have
rapid recovery from direct glare of any kind. Color should be used to improve detection and
identification capabilities. Research shows that drivers strongly prefer color over black and
white images because it helps to identify objects. When infrared illumination is used,
monochrome usually provides higher resolution, but drivers prefer color when available.
Color rendition is also important because drivers use it as one form of identifiers,
particularly of other vehicles around them.

Cameras and their mountings must be rugged in construction. Since the environment of the
transit buses is severe, cameras must withstand the conditions they are meant for. Camera
housings should be weatherproof with provisions for removal of interior condensation. They
must be designed to avoid collection of dust, snow, ice, and other debris. The housing can
be designed to provide turbulence, thus repelling debris. Vibration is also a major problem
depending on the mounting position. Both camera and brackets must be able to withstand
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vibration, to avoid camera shaking. This can cause the view to change FOV rapidly,
rendering it unusable.

Side Mirror-Camera Enhancement Recommended Specifications
Application: Transit Bus; Type A, Cutaway

Purpose: To reduce side blind spots caused by mirror geometry on both type A and
cutaway buses by utilizing the camera field of view to provide coverage of said areas.

Camera Location, angle of coverage, aim direction, and focus range:

Type A: Cameras mounted on left and right side mirror posts utilizing stand-alone housings
and positioned within the mirror extension. Camera field of view 60°-65°, with one edge of
each view defined by the side of the bus.

Cutaway: Cameras mounted in integrated mirror/camera housing due to mirror design
limitations. Camera field of view 60°-65°, with one edge of each view defined by the side of
the bus.

Monitor location and approximate size:

Type A: Viewing area for left camera at base of left A-pillar with the 7” monitor. (Note:
Alternative locations are the upper portion of the left A-pillar.) Viewing area for right camera
on top center of dash with 8” monitor. (Note: Alternative locations are the top center of
windshield and upper and lower positions on right A-pillar shown in the figure in Appendix
B.)

Cutaway: Viewing area for left camera mounted at base of left A-pillar with the 7” monitor.
(Note: Alternative locations are the upper portion of the left A-pillar.) Viewing area for right
camera at the base of the right A-pillar with 7” monitor. (Note: Alternative locations are top
center of dash, top center of windshield, and upper portion of right A-pillar shown in the
figure in Appendix B.)

Image presentation: Reversed image to match images in mirrors.

Activation/Deactivation: Activation with ignition in the on/run position. Deactivation with
ignition off or off button on monitor depressed by user.

Backup: Not required.
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Chapter 6 Conclusions

During this second phase of the project, a side camera system was designed to perform
better than the available aftermarket sideview camera systems used in Phase I. A controlled
test was performed to optimize locations of cameras and monitors, as well as design
characteristics of the system. A total of 29 transit bus drivers participated in the controlled
driving test which showed that the addition of the camera system to the mirrors is a great
benefit to the drivers; it reduced the time it took to identify an object located around the
vehicle, and improved the accuracy of correctly identifying the object. The test was
conducted using two types of buses: a common type A transit bus used for fixed routes and
a cutaway (shuttle) bus used for paratransit services. The two buses are different in design
and present different challenges to overcome.

Based on the controlled driving test, the enhancement (i.e., integrated mirror-camera
system) aided drivers in correctly identifying objects around the bus in the majority of
cases, and it reduced the time it took a driver to scan mirrors and monitors to identify the
object, even though there were more locations for the drivers to search. The driver
feedback was generally optimistic, with the majority of drivers agreeing that the camera
system eliminated blind zones, reduced the risk of side collisions, and made for better bus
safety. Drivers also commented on the size and location of the monitors, which helped the
setup of the field deployment that followed.

A camera housing was developed and manufactured as a prototype to be tested during a
field deployment. The housing was made of plastic and sealed to weatherproof the camera.
This camera system was used on the type A bus, whereas an aftermarket system developed
by VELVAC ® was used on the cutaway bus. Drivers reported that the system was useful in
eliminating the blind zones, thus increasing safety of transit buses. The drivers had a
problem with nighttime use since the glare of the headlights in the monitor did seem to be
distracting.

The field deployment showed that the camera system must meet stringent criteria to be
used in the field. Drivers were overall positive about the experience even though there were
initial problems with fogging that were overcome. The majority of drivers agreed that the
camera system reduces or eliminates the blind zones and is effective in reducing side
crashes. One of the reported problems of the system is that during nighttime driving, the
headlights of passing vehicles tend to be distracting. This particular issue was not
investigated further, even though the cameras were chosen because they reduce blooming
and light bleed-through, and they recover relatively fast from this effect. Further research
might shed light on this problem, because if it is not addressed, the system can become
potentially hazardous in extreme cases.

The camera system used in the project was successful, and recommendations for
specifications for these systems to be used widely were put forth. The specifications are
primarily in unison with specifications provided by Wiereille et al (2008) for use on heavy
trucks.
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Appendix A: Driver Packet for Controlled Test

Controlled driving test for sideview video system

Driver Packet:
e Survey Before Test

e Survey After Test

USE

UNIVERSITY OF
SOUTH FLORIDA CUTR
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Sideview Video System

This system has two cameras and two monitors; one for each side of the bus. The sideview
video system will be used as a supplement to the side mirrors, providing side view. The
monitors will be mounted as shown below:

LeftBidel

Monitorl?
Right@Bidel

Monitorfl

The diagram below shows the Field of View of the mirrors and camera system:

Cameral
ConveleMirr

Flat@Vlirrorf Busk
i%

Based on your perception for the system, please fill out the before test survey.

prevee
]
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Before Test Survey

1. The side mirrors become less effective during rainy weather due to the water droplets on
the window glass and mirrors.

| 1 | 2 | 3 | 4 | 5 | 6 |
Strongly Agree Somewhat So_mewhat Disagree S_trongly
Agree Agree Disagree Disagree

2. It is difficult to identify an object/person with the side mirrors during nighttime.

| 1 | 2 | 3 | 4 | 5 | 6 |
‘ Strongly ‘ Agree ‘ Somewhat ‘ Somewhat ‘ Disagree ‘ Strongly ‘
Agree Agree Disagree Disagree

3. With the addition of the sideview video system, the side blind spots are
reduced/eliminated compared to conventional mirrors only.

| 1 | 2 | 3 | 4 | 5 | 6 |
Strongly Agree Somewhat So_mewhat Disagree S_trongly
Agree Agree Disagree Disagree

4. The sideview video system can help drivers reduce side crashes (sideswipe, turns, angle
crashes) by providing a better view.

| 1 | 2 | 3 | 4 | 5 | 6 |
Strongly Agree Somewhat So_mewhat Disagree S_trongly
Agree Agree Disagree Disagree

5. In general, the sideview video system can improve bus safety.

| 1 | 2 | 3 | 4 | 5 | 6 |
‘ Strongly ‘ Agree ‘ Somewhat ‘ Somewhat ‘ Disagree ‘ Strongly ‘
Agree Agree Disagree Disagree

6. The use of the sideview video system is easy and can be adopted quickly.

| 1 | 2 | 3 | 4 | 5 | 6 |
Strongly Agree Somewhat So_mewhat Disagree S_trongly
Agree Agree Disagree Disagree

Driving Test Procedure

You will now go over the test with one of the test administrators. First you will go through a
course using the camera system ON to get familiar with the system.
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After Test Survey

7. With the sideview video system, the side blind spots are reduced/eliminated
compared to conventional mirrors.

| 1 | 2 | 3 | 4 | 5 | 6 |
Strongly Agree Somewhat So_mewhat Disagree S_trongly
Agree Agree Disagree Disagree

8. The sideview video system can help drivers to reduce side crashes (sideswipe, turns,
angle crashes) by providing a better view.

| 1 | 2 | 3 | 4 | 5 | 6 |
‘ Strongly ‘ Agree ‘ Somewhat ‘ Somewhat ‘ Disagree ‘ Strongly ‘
Agree Agree Disagree Disagree

9. In general, the sideview video system can improve bus safety.

| 1 | 2 | 3 | 4 | 5 | 6 |
Strongly Agree Somewhat So_mewhat Disagree S_trongly
Agree Agree Disagree Disagree

10. The use of the sideview video system is easy and can be adopted quickly.

| 1 | 2 | 3 | 4 | 5 | 6 |
‘ Strongly ‘ Agree ‘ Somewhat ‘ Somewhat ‘ Disagree ‘ Strongly ‘
Agree Agree Disagree Disagree

11. With the sideview camera system you can observe the boarding and late arriving
passengers better than with the side mirror?

| 1 | 2 | 3 | 4 | 5 | 6 |
‘ Strongly ‘ Agree ‘ Somewhat ‘ Somewhat ‘ Disagree ‘ Strongly ‘
Agree Agree Disagree Disagree

12.Your Age: A)Under25 B)26-30 C)31to40 D)41to50 E)50+

13. Years of driving experience:

14. Previous experience with any camera aid systems (backup, rear view, side or
otherwise)? A) YES B) NO

a. If YES above, duration of experience with any camera system:

A) 1 week B) 1-2 weeks C) 3-4 weeks D) 1-2 months E) 3-4 months F) Never

15. Ever had side crashes during bus driving? YES NO

44



16. The sideview video system provides a better side view than the mirrors.

| 1 | 2 | 3 | 4 | 5 | 6 |
‘ Strongly ‘ Agree ‘ Somewhat ‘ Somewhat ‘ Disagree ‘ Strongly ‘
Agree Agree Disagree Disagree

17.You can comfortably drive the bus with the sideview video system?

| 1 | 2 | 3 | 4 | 5 | 6 |
Strongly Agree Somewhat So_mewhat Disagree S_trongly
Agree Agree Disagree Disagree

18. Would you like to have a sideview video system in the bus you drive every day?

I S NN NN N
‘ Absolutely ‘Probably No No ‘ Ves ‘ Probably ‘ Absolutely ‘
No Yes Yes

If you answered NO above, please indicate why not.

19. With the sideview video, you felt comfortable performing a lane change maneuver.

| 1 | 2 | 3 | 4 | 5 | 6 |
‘ Strongly ‘ Agree ‘ Somewhat ‘ Somewhat ‘ Disagree ‘ Strongly ‘
Agree Agree Disagree Disagree

20.The sideview video system has the potential to help reduce side crashes during a lane
change maneuver.

| 1 | 2 | 3 | 4 | 5 | 6 |
‘ Strongly ‘ Agree ‘ Somewhat ‘ Somewhat ‘ Disagree ‘ Strongly ‘
Agree Agree Disagree Disagree

21.The sideview video system can minimize or eliminate the side blind spots of the bus.

| 1 | 2 | 3 | 4 | 5 | 6 |
Strongly Agree Somewhat So_mewhat Disagree S_trongly
Agree Agree Disagree Disagree
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22. Considering the same monitors present during the experiment, where would you
place the monitors of the sideview camera system? Please indicate by selecting one of
the 4 setup scenarios.

23. Considering the same monitor location as during the experiment, which size of
monitor would you prefer for left and right side?
A) Both 7 inch monitors

B) Both 9 inch monitors (same size as mirrors).
C) Both 10 inch monitors.

D) Driver side monitor 7 inches and passenger side monitor bigger (9-10 inches).
E) Other:

Additional Comments
Are there any additional comments or recommendations you would like to make regarding

the sideview video system? (likes, dislikes, monitor-camera locations, system configuration,
etc.)
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Appendix B: Field Deployment Survey

1. What kind of bus do you drive?
Answer Options:

-Type A (low floor) bus

-Cutaway bus

2. What is your age:

e Under 25
e 26-30

e 31-40

e 41-50

e 50+

. What is your gender?
e Female
° Male

. Years of bus driving experience:

. Have you ever had side crashes during bus driving?
e Yes

¢ No

e If yes please explain what happened

. Do you wear eye sight correction glasses (other than sunglasses) while driving?
e Yes
e No

. Do you have previous experience with any camera aid systems (backup, rear-
view, side-view or otherwise)?

e Yes

e No

e If yes please explain

. With the addition of the sideview video system, the blind spots are
reduced/eliminated compared to conventional mirrors only.

e Strongly Agree

Agree

Somewhat Agree

Somewhat Disagree

Disagree

Strongly Disagree

. The sideview video system can help drivers reduce side crashes (sideswipe,
turns, angle crashes) by providing a better view.
e Strongly Agree
Agree
Somewhat Agree
Somewhat Disagree
Disagree
Strongly Disagree
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10. The sideview video system provides better view than the mirrors.
Strongly Agree

Agree

Somewhat Agree

Somewhat Disagree

Disagree

Strongly Disagree

11. The use of the sideview video system is easy and can be adopted quickly.
Strongly Agree

Agree

Somewhat Agree

Somewhat Disagree

Disagree

Strongly Disagree

12. You can comfortably drive the bus using the sideview camera system.
Strongly Agree

Agree

Somewhat Agree

Somewhat Disagree

Disagree

Strongly Disagree

13. With the sideview camera system you can observe the boarding and late
arriving passengers better than the side mirror.

Strongly Agree

Agree

Somewhat Agree

Somewhat Disagree

Disagree

Strongly Disagree

14. Would you like to have a sideview video system in the bus you drive every

day?
e Yes
e NoO

e If no please explain

15. You can use the cameras even when it’s raining.
Strongly Agree

Agree

Somewhat Agree

Somewhat Disagree

Disagree

Strongly Disagree
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16. The sideview system was effective while driving at night.
Strongly Agree

Agree

Somewhat Agree

Somewhat Disagree

Disagree

Strongly Disagree

17. The glare from the vehicle headlights/taillights makes the monitors unusable
or not needed during night driving.

Strongly Agree

Agree

Somewhat Agree

Somewhat Disagree

Disagree

Strongly Disagree

18. The monitor(s) image(s) were clear enough to be able to identify vehicles.
Strongly Agree

Agree

Somewhat Agree

Somewhat Disagree

Disagree

Strongly Disagree

19. For the picture below what monitor placement combination do you prefer for
the left and right sides of the bus?

|

o

.

e Left (driver) side (1 or 2):
e Right (passenger) side (3 or 4 or 5 or 6):

20. Having in mind the monitors in the bus you drove, would you prefer the same
size, bigger or smaller?
e Left monitor e Right monitor
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