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Presenter
Presentation Notes
Hi Everybody, I’m John Slonaker.  I work for Caltrans’ Division of Research, Innovation and System Information, and I’m going to talk about Caltrans’ wrong way driving mitigation and detection efforts.  I know that the Western States Rural Transportation Technology Implementers Forum is oriented toward explaining the nuts and bolts of getting stuff to work in the field, but I didn’t personally do a lot of field work on these pilot projects.  I stayed mostly in our ivory tower at DRISI, so I hope you won’t mind if I give more of an overview of the various methods and technologies that Caltrans is testing in order to mitigate wrong way driving.  The good news is that my talk is only scheduled for one hour, so we’ll get to the break sooner that way.
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Wrong-Way Collisions 

Wrong-way collisions are rare

Less than .002% of total highway collisions 

2.8% of fatal collisions on California highways

Presenter
Presentation Notes
Wrong-way collisions are rare – accounting for less than two-tenths of one percent of total highway collisions, but account for 2.8 percent of fatal collisions on California freeways. - 2013 Traffic Accident Surveillance and Analysis System (TASAS) database report

Wrong-way collisions tend to be more severe and more likely to result in injury or death than other types of collisions. 

WWD collisions, especially fatal ones naturally grab attention of all, especially the media.  The primary cause of  WW collisions, especially those that are fatal, remains intoxicated drivers.    

One of the difficulties of studying wrong way driving is that the data are few and far between.  Another big problem with wrong way driving collisions is that the percentage that result in fatalities is much higher than for other types.
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Historic Efforts to Combat Wrong-Way Collisions

Presenter
Presentation Notes
Caltrans has been trying to mitigate wrong way driving since the 1960’s.
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Comparison between Total Number and Rate of Fatal 
Wrong-Way Collisions on California Freeways and Expressways 

Presenter
Presentation Notes
The rate of fatal WW collisions on CA freeways and expressway has decreased from nearly 0.4 fatal wrong-way collisions per billion vehicle miles traveled reported in 1989 to approximately 0.13 in 2013.   The trend has shown a steady decrease of 40 percent during this time.

These two graphs basically show the same thing.  One is the total number of fatal wrong way collisions and one is the rate per billion miles travelled.  Either way you look it, they’re slowly but steadily declining.
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Comparison between Wrong-Way Collisions and all Types of 
Collisions on California Freeways and Expressways 

Wrong-Way Collisions All Types of Collisions

Presenter
Presentation Notes
The percent of all fatal collisions was 4 % in 1989 and was reduced to 2.8 % in 2013.

As you can see from these two graphs, this steady decline is happening even as the total number of all collisions is increasing.
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In the first six months of 2015, 24 people were killed in 10 
wrong-way collisions in Sacramento and San Diego.

In May 2015, Caltrans set up a working group to 
establish pilot projects in both District 3 (Sacramento 

County) and District 11 (San Diego County).

The pilot projects installed 
additional two-way, red/clear 
retroreflective raised pavement 
markers, enlarged DO NOT 
ENTER / WRONG WAY 
signage, and active Detection 
and Alerting  systems with dual 
radars to detect wrong-way 
drivers, activate red flashing 
lights bordering local signage, 
and transmit real-time 
notifications to Caltrans and the 
CHP at their joint Traffic 
Management Centers (TMC). 

Presenter
Presentation Notes
24 people were killed in 10 wrong-way collisions in the Sacramento (District 3) and San Diego (District 11) areas.  By comparison, the Annual Statewide Average from 1995-2013 was 23 fatal WWD collisions.

In these two areas alone, 19 wrong-way collisions resulted in injuries or fatalities in all of 2015.  

Sacramento and San Diego areas represent just 2 out of the 12 Caltrans districts.

Caltrans responded with investigations into this significant spike.

In 2015, there was an anomaly in this general decreasing trend when an unusually high number of drivers died in wrong way collisions in the Sacramento and San Diego areas (Districts 3 and 11 respectively), so Caltrans went to work on an initial report to the California legislature as well as pilot projects to test mitigation strategies on exit ramps in those areas. 
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2016 Caltrans Wrong-Way Driving Report

Updated the Caltrans 1989 report

Reviewed methodological and technological advancements studied by 
academia and implemented by state departments of transportation

Described staff meetings with TxDOT and FDOT to see firsthand and 
discuss the techniques and systems being used and piloted in these states.

Described plans for the deterrence and detection pilot projects in the 
Sacramento and San Diego areas

Presenter
Presentation Notes
Staff met with TxDOT and FDOT to see firsthand and discuss the techniques and systems being utilized and piloted in these states.  

Average number of wrong-way fatal crashes for years 2004-2011 (State Ranking)
	1 – Texas (38 fatal collisions)
	2 – CA (26 fatal collisions)
	3 – Florida (16 fatal collisions)
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Wrong-Way Deterrence and Detection Pilot 
Projects in Caltrans Districts 3 and 11

60 exit ramps
SR-15 & I-15 between I-

805 & SR-78

16 exit ramps
I-80, & US-50

Presenter
Presentation Notes
Wrong-way deterrence and detection ITS pilot projects are currently being conducted in the Sacramento and San Diego areas.  

60 exit ramps in San Diego and 18 in Sacramento were equipped with a variety of enhancements to deter wrong way entries. 
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Presenter
Presentation Notes
Retroreflective pavement markers with red shown on the backside at all pilot project exit ramp locations.

The public needs to educated of the use of two-way retro-reflective pavement markers to inform motorist that when they see the “red”, they are traveling in the wrong direction.

Although the majority of wrong-way driver collision are the result of driving under the influence, there are wrong-way drivers that claim they entered the freeway as a result of being distracted or confused while following directions provided by a GPS device.

All the exit ramps received some variation of the enhancements shown here.  Additional two-way reflective pavement markers were installed.  Markers that reflect yellow light at normal drivers and red light at wrong way drivers were installed on the left lane line.  (That’s from the perspective of normal drivers, of course.)  Markers that don’t reflect light at normal drivers but reflect red light at wrong way drivers were installed on the right lane line and the stop bar.  Markers that reflect white light at normal drivers and red light at wrong way drivers were installed on the type V arrows.  Existing DO NOT ENTER and WRONG WAY signs were replaced with enlarged versions.  Some of the new DO NOT ENTER and WRONG WAY signs in the San Diego area have dusk-to-dawn flashing LED borders.
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Presenter
Presentation Notes
This diagram shows a modified version of Caltrans’ standard plans that includes two-way reflective pavement markers on arrows, including the Type V arrow shown on the right.
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Two-Way Retro-Reflective Pavement Markers

Right-Way Driver View Wrong-Way Driver View 

Presenter
Presentation Notes
This is how the Type five arrows looked after mitigation from drivers heading in the correct direction, as shown on the left, and drivers heading in the wrong direction, as shown on the right.
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Enlarged Do Not Enter/Wrong Way Signs

Presenter
Presentation Notes
Pilot exit ramp in Sacramento – US 50 at 5th Street

Example of 72” Enlarged DO NOT ENTER/WRONG WAY sign package

2nd DO NOT ENTER/WRONG WAY sign package upstream from the intersection belongs to the TAPCO active monitoring system

Enlarged DO NOT ENTER signs were installed at the throats of the exit ramps.  The DO NOT ENTER signs in this photo are 72” by 72” (six feet per side in other words).  These signs are known as R5-1 in the California Manual for Uniform Traffic control devices, or CA MUTCD for short.  The largest standardized size for R5-1s is 48” by 48,” or four feet per side, so these are significantly bigger.  The CA MUTCD allows for engineering judgement in using larger than standard sizes for these signs if deemed appropriate.  The WRONG WAY signs are separate pieces.  There are referred to as R5-1a in the CA MUTCD.  The R5-1a’s in this photo are 42” off the ground. 
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Reduction in CHP Reported Wrong-Way Driver 
Collisions in District 11 Before and After Installation of 
Red-on-Backside raised reflective pavement markers 
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Presenter
Presentation Notes
44% reduction in reported WW Driving events received at the CHP Dispatch Center after the pavement delineation enhancements were completed at 60 off-ramps in District 11.

We found that there was a 44% reduction of California Highway Patrol-reported wrong-way driving events between a 15-month period before the two-way reflective pavement markers were installed on the San Diego exit ramps and the 15-month period after installation.  So, out of a total of 81 wrong-way driving events over a 30 month period, 52 occurred before installation and 29 occurred after installation.
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Radar-based Active Detection and Alerting 
Systems were installed on a subset of exit ramps.

6 Ramps: Signage with TAPCO detection 
and alerting systems 

4 Ramps: Signage with TAPCO detection 
and alerting systems
2 Ramps: Signage with TraffiCalm
detection and alerting systems

Presenter
Presentation Notes
Sacramento Area
  6 out of the 18 pilot exit ramps have Traffic and Parking Control Co. Inc. (TAPCO) systems installed.
  The system consists of a TAPCO flashing red illuminated LEDs placed along the border of WRONG WAY signs which are activated by dual radar detection of a wrong-way driver (WWD).  
  Upon activation, notification is transmitted to the following website managed by TAPCO; www.blinklink.net.
  Once logged in, when a WWD is detected, the TMC Operator receives a pop-up notification of its location and an audible alert. The operator has access to up to a series of 14-jpeg images of the wrong-way vehicle to confirm whether it is in fact a wrong-way driver.

San Diego Area
  11 of the 60 ramps received enhancements beyond pavement delineation starting in late September 2017. 
  5 of the 11 exit ramps received the flashing red illuminated LEDs placed along the border of WRONG WAY signs that will operate 24/7.  No detection is provided at these locations.
  4 of the 11 exit ramps received Traffic and Parking Control Co. Inc. (TAPCO) systems. The system consists of a TAPCO flashing red illuminated LEDs placed along the border of the WRONG WAY signs which are activated by dual radar detection of a wrong-way driver (WWD).  It operates the same as described in Sacramento area.

2 of the 11 exit ramps received TraffiCalm detection and alering systems with blinking LED-bordered wrong-way signs and a radar-based vehicle detection device with camera verification that will alert the CHP and Caltrans TMC Dispatch of any wrong-way occurrences via a 911 call into the dispatch center.  

Once notified of a WWD by the active monitoring systems, the Caltrans TMC Operator will review the photos and verify the wrong-way driving event and possibly activate changeable message signs on the highway to alert motorists with the following message: WRONG WAY / DRIVER / USE CAUTION

A subset of the San Diego and Sacramento ramps were equipped with Radar-based Active Detection and Alerting systems that can detect wrong way movements, activate local flashing beacons and immediately send notifications to authorities.  In this case, notifications were sent to the joint CHP/Caltrans Traffic Management Centers in Districts 3 and 11.  We tested systems from two vendors: TAPCO and TraffiCalm.
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Presenter
Presentation Notes
Here is the plan sheet for installing the two systems.  This shows quite a bit of detail about constructing and assembling the hardware, but not a lot of detail about how the electronics work.  Here is the solar panel.  Here are the forward and rear facing radar detector units. This diagram doesn’t show the camera units, which are used to take photos of the detected wrong way vehicles and attach them to the notifications sent to the authorities, who can then use them to verify the wrong way driving behavior.  Only the four Tapco systems in San Diego had dual cameras, including a rear facing unit, which proved useful for characterizing some wrong way driving behavior, as we’ll see a little later.  The six Tapco systems in Sacramento and the two TraffiCalm systems in San Diego only had forward facing cameras, which provided lass certainty when attempting to verify wrong way driving behavior.  Here is the box that contains batteries that get charged by the solar panel, control electronics for the radar detectors and cameras, and cellular communications electronics.
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The latest TAPCO wrong way detection systems use thermal imaging 
sensors and infrared illuminators instead of radar detectors

Presenter
Presentation Notes
The latest TAPCO wrong way detection systems use thermal imaging sensors and infrared illuminators instead of radar detectors. However, this version wasn’t available when we started the pilot projects.
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TAPCO System at Jefferson 
Blvd & WB US 50 in District 3

TAPCO System at 
South River Road 

& WB US 50 in 
District 3 >

TAPCO System at 
5th Street & EB US 

50 in District 3

Presenter
Presentation Notes
Here are some TAPCO systems installed in Sacramento.  They have DO NOT ENTER signs bordered by flashing beacons (which are triggered upon a wrong way movement detection), a solar panel, Radar detectors, a camera and a utility box for control and communications electronics.  You can also see a wooden pole in the background with a separate machine vision system, which will be mentioned later.
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TraffiCalm System at 
Sunset Cliffs Blvd & 
WB I-8 in District 11

TraffiCalm System 
at Sea World Drive & 
SB I-5 in District 11

Presenter
Presentation Notes
Here are the TraffiCalm systems installed in San Diego.  As you can see, both brands have pretty much the same hardware configuration.  Again, the wood poles can be seen in the background. 
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Presenter
Presentation Notes
The four Tapco systems in San Diego had dual cameras, including a rear facing unit, and these photos show a vehicle entering the freeway in the wrong direction via an exit ramp.  Its headlights can be seen as it approaches the TAPCO system, its taillights can be seen after it passed the system.
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Presenter
Presentation Notes
The rear facing camera continued to take photos, and in those the vehicle made a U-turn at the end of the gore point.  So, even though it entered the freeway via the exit ramp, it didn’t end up heading in the wrong direction on the main line.  This shows how important a rear facing camera can be, since in this case, a TMC operator would know not to activate a changeable message sign or notify law enforcement, whereas, if all the operator saw were the photo of the oncoming headlights, it would seem like a legitimate wrong way event that would warrant further action.




Caltrans’ Division of Research, Innovation and System Information (DRISI)
conducted a research project to study the effectiveness of the exit-ramp 
enhancements in Districts 3 and 11.

The main objective of the research is to determine:
• Extent and characteristics of the WWD problem.
• Effectiveness of the off-ramp enhancements. – Before and After
• Accuracy of the TAPCO and TraffiCalm active detection and alerting systems 

DRISI partnered with its research contractor, the Advanced Highway Maintenance 
and Construction Technology Research Center (AHMCT), at the University of 
California at Davis, to independently monitor the 6 TAPCO-equipped Exit-ramps in 
District 3 and the 2 TraffiCalm-equipped Exit-ramps in Distrct11.
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Presenter
Presentation Notes
While Caltrans’ Districts 3 and 11 where designing these wrong way driving enhanced countermeasures for the exit ramps, Caltrans’ Division of Research, Innovation and System Information was working with UC Davis to develop a research project to study the effectiveness of the countermeasures as well as how they affected driver behavior.  We wanted to find out about three main things:  The extent and characteristics of the wrong way exit ramp entry behavior, for example, what percentage of vehicles on exit ramps were wrong way entries; The effectiveness of the exit ramp enhancements, by monitoring driver behavior on the ramps before and after installation; and the accuracy of the TAPCO and TraffiCalm active detection and alerting systems. 



The AHMCT
researchers developed 

and installed zone-
triggered video-based 

site monitoring 
(VBSM) systems at 8 
off-ramps on which 
active detection and 

alerting systems were 
later installed.  

4 more of VBSMs 
were installed at 

control off-ramps not 
receiving 

enhancements.  
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Presenter
Presentation Notes
UC Davis developed a video image processing system that recognized wrong way events and recorded video clips of the wrong way traffic behavior.  Here you can see how the wood poles I mentioned in the earlier photos were used to mount the equipment for that system.  Here are the three main components: the camera, the solar panel and the equipment enclosure.  Here you can see the contents of the enclosure: batteries that get charged by the solar panel, control electronics and relays for charging the batteries, and a wireless modem for cellular communications.  All the video analytics are on-board the AXIS camera, which ran a custom-configured installation of video analytics software from a French company called Citilabs.  In order to save money on wireless data transmission charges, only video that showed wrong way driving behavior was transmitted.  Video was initially stored and processed locally on the camera.  The researchers programmed a circular buffer that allowed for recording several seconds of video before and after the detected event before transmitting the video clip to the lab at the university for further manual analysis.  Since we’re supposed to talk about real world technical challenges at this conference, I should mention that these red lines you see here are configured in the software to demarcate individual lanes that are used to define the detection zone.  After they were first configured, they aligned perfectly with the physical white lane lines you see next to them.  The problem is that the wood poles on which the cameras were mounted twisted over time as they dried in the sun.  The researchers had to go back and reconfigure the detection zones at most locations.  Of course, wood poles, as opposed to steel poles, were chosen because they’re cheaper to purchase and install.  The lesson we learned is that steel poles would have provided a more stable camera view over the long term, which is important if you’re mounting fixed view cameras for computer vision purposes.  Had we used PTZ cameras, we wouldn’t have had the same problem.
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arrow

Presenter
Presentation Notes
This is a map of the Sacramento area that shows where the UC Davis video image processing systems were installed.  In the upper left are two locations in Yolo County on exit ramps of US 50.  In the lower center are four locations in Sacramento County on exit ramps of US 50.  On the right are four locations in Sacramento County on exit ramps of Business 80.  The exit ramps at those four locations didn’t receive any district enhancements, so they could be used as a control for the experiment. 
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Presenter
Presentation Notes
Here is a map of the installations of the UC Davis video image processing systems in the San Diego area: The one shown on top is at Southbound I-5 at Sea World Drive, and the one on the bottom is at the Western terminus of I-8 and Sunset Cliffs Blvd. 
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The UC Davis VBSMs captured 510 total events, 
of which only 137 were caused by vehicles

Of those 137 vehicle events, only 34 were 
considered wrong way driving behavior.
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Presenter
Presentation Notes
These 12 UC Davis video image processing systems captured a total of 510 events where an object traversed the camera view in the opposite direction of normal traffic.  Of these events, only 34 were determined by the researchers to be a vehicle entering the exit ramp by mistake.  The researchers tuned the software to err on the side of false positives. These initial positives were intended for further review by humans.  These systems were solely for research purposes and were not intended to warn drivers or alert authorities.



County Route PM Off Ramp Direction Purpose Installation
date

Verified 
WWD events

Yolo 50 2.811
5th Street / South River 

Road
WB active June 13th, 2016 11

Yolo 50 2.812 Jefferson Blvd. WB active June 13th, 2016 2

Sacramento 50 L0.398 5th & X Streets EB active August 23rd, 2016 1

Sacramento 50 L1.437 10th & W Streets WB active August 23rd, 2016 4

Sacramento 50 L1.600 16th & W Streets WB active August 23rd, 2016 0

Sacramento 50 L2.396 26th & W Streets WB active August 23rd, 2016 10

Sacramento 51 0.086 30th & T Streets NB control June 6th, 2016 0

Sacramento 51 0.579 30th & N Streets NB control June 6th, 2016 0

Sacramento 51 1.066 30th & H Streets NB control June 16th, 2016 0

Sacramento 51 1.255 29th & J Streets SB control June 6th, 2016 4

San Diego 5 R20.96 Sea World Drive SB active
December 13th, 

2017
0

San Diego 8 T0.10 Sunset Cliffs Boulevard WB active
December 13th, 

2017
2

   

Presenter
Presentation Notes
Here is a table that shows how those 34 wrong way driving events were distributed among the monitored ramps.  The yellow rows are ramps in Yolo County, in the Sacramento area.  The green rows are ramps in Sacramento County.  The orange rows are ramps in Sacramento County that didn’t receive any enhancements, and the grey rows are ramps in San Diego County.  As you can see, the number of events on each ramp varied quite a bit, from 11 and 10 events on the worst two ramps to no events on five ramps. 



Off-ramp Quantity Percent Events/year
US 50 WB S. River Rd 11 32.4% 3.4

US 50 WB Jefferson Blvd 2 5.9% 0.6
US 50 WB 10th St 4 11.8% 1.3
US 50 WB 16th St 0 0.0% 0.0
US 50 WB 26th St 10 29.4% 3.3

US 50 EB 5th St 1 2.9% 0.3
I-8 WB Sunset Cliffs Blvd 2 5.9% 1.2

I-5 SB Sea World Drive 0 0.0% 0.0
SR 51 SB J St 4 11.8% 1.2
SR 51 NB H St 0 0.0% 0.0
SR 51 NB N St 0 0.0% 0.0
SR 51 NB T St 0 0.0% 0.0

Total 34 100.0%
By off-ramp group Quantity Percent Events/year/ramp
Sacramento ramps with mitigation 28 82.4% 1.5
San Diego ramps with mitigation 2 5.9% 0.6
Sacramento ramps without mitigation 4 11.8% 0.3
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All VBSM-captured WWD events 
classified by off-ramp and group

Presenter
Presentation Notes
Here is the same data visualized in a couple different ways.  The graph on the right gives a pretty good idea on how much variation of wrong way driving frequency there was among the ramps.
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A Particularly Dangerous WWD 
Trajectory was Captured on 10th

Street & WB US 50 Off-Ramp. 

35.3% of WWD 
events were 

drivers entering 
an exit-ramp 

while travelling 
the wrong way 
on a municipal 
one-way street. 

Presenter
Presentation Notes
Over a third of wrong way exit ramp entries in the Sacramento area were from wrong way travel on municipal one-way streets.  This rather harrowing event occurred at the merge point of the Westbound exit ramp of US 50 and W Street, which is a one-one street in downtown Sacramento.  There was no corresponding CHP incident report for this wrong way entry.  The driver could have made a U-turn at the gore point and not ended up heading the wrong way on the main line like the earlier example from the San Diego TAPCO system, but since there was no rear-facing camera, we don’t know what happened.
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Not all detected wrong way movements 
were caused by motor vehicles.

Presenter
Presentation Notes
A bicycle rides the wrong way up the exit ramp at WB US 50 and Jefferson Blvd.
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Not all detected wrong way movements were unintentional.

Presenter
Presentation Notes
A vehicle backs up slightly to make a right at WB US 50 and Jefferson Blvd.
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Not all detected wrong way movements were unintentional 2.

Presenter
Presentation Notes
A tow truck makes a dangerous maneuver at WB US 50 and South River Road.




32

Not all detected wrong way movements were unintentional 3.

Presenter
Presentation Notes
A tow truck makes a dangerous maneuver at WB us 50 and South River Road.
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Not all detected wrong way movements were unintentional 4.

Presenter
Presentation Notes
A maintenance vehicle backs up the exit ramp of SB I 80 and J Street while setting up a ramp closure.
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Not all detected wrong way movements were unintentional 5.

Presenter
Presentation Notes
Two vehicles get into an altercation on the exit ramp of SB I 80 and J Street.
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Other wrong way movements caused by mistakes by drivers

Presenter
Presentation Notes
A vehicle turns the wrong way up the exit ramp at WB US 50 and Jefferson Blvd and then self-corrects.
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Other wrong way movements caused by mistakes by drivers 2

Presenter
Presentation Notes
A vehicle turns the wrong way up the exit ramp at WB US 50 and South River Road and then quickly self-corrects.
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Other wrong way movements caused by mistakes by drivers 3

Presenter
Presentation Notes
A vehicle proceeds the wrong way on a one way street up the exit ramp at WB US 50 and 26th Street and then self-corrects.
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Other wrong way movements caused by mistakes by drivers 4

Presenter
Presentation Notes
A vehicle turns the wrong way up the exit ramp at WB US 50 and South River Road and parks.
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Other wrong way movements caused by mistakes by drivers 5

Presenter
Presentation Notes
A vehicle turns the wrong way up the exit ramp at WB US 50 and South River Road, parks and then continues in the wrong direction.
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Results
Extent and characteristics of the WWD problem.

Ramp Average 
Yearly 
Traffic

Average 
Yearly Wrong 
Way Traffic

Percentage of Traffic 
in the Wrong Direction

WB US 50 at South River Road 2,901,600 3.4 0.000117%

WB US 50 at 26th Street 3,762,470 3.3 0.000088%

WB US 50 at 10th Street 3,178,940 1.3 0.000041%

Even for the 3 ramps most prone to wrong way driving, the 
percentage of wrong way vehicles was very low. 

Presenter
Presentation Notes
The extent of wrong way driving behavior on the exit ramps was statistically very low.  For example, even on the ramp most prone to wrong way driving, the percentage of wrong way vehicles was only one hundred and seventeen millionths of a percent.  This percentage decreases rapidly for the rest of the ramps, and for the five ramps on which there were no wrong way detections, the percentage was, of course, exactly zero.
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Extent and characteristics of the WWD problem.

For the 34 total VBSM-detected wrong-way events, 
the driver self-corrected 85.3% of the time

For the 34 total VBSM-detected wrong-way events, 
the drivers entered the exit ramps in three ways:

Driver-corrected Quantity Percent
Yes 29 85.3%
No 5 14.7%

Total 34 100.0%

Entry manner Quantity Percent
Right Turn 13 38.2%
Left Turn 9 26.5%
One-Way 12 35.3%

Total 34 100.0%

Presenter
Presentation Notes
Besides the number of detected wrong way driving events being low, the drivers self-corrected over 85 percent of the time.  So, less than 15 percent of the detected WWD events had the potential to cause a collision.  The most common mode of entry onto an exit ramp was via a right turn, the next most common way was by initially travelling the wrong way on a one-way street, and the least common, but still significant, mode was via a left turn.
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Extent and characteristics of the WWD problem 2.

Quantity Percent
Driver-

corrected
% Driver-
corrected

Daytime 12 35.3% 11 91.7%
Nighttime 22 64.7% 18 81.8%

Total 34 100.0% 29 85.3%

Most of the 34 total VBSM-detected 
wrong-way events happened in the 

early morning hours, 0
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But a significant percent (35.3%) 
occurred in the Daytime.

Presenter
Presentation Notes
About sixty five percent of VBSM-detected wrong way events occurred at night, particularly in the wee morning hours.  However, a significant percentage of wrong way exit ramp entries occurred during the day.  This was a little surprising but noting that the drivers self-corrected over ninety percent of the time in these cases goes to explain why most WWD collisions occur at night.




For the Sacramento exit ramps, there was a 53% reduction in 
VBSM-detected wrong-way driving events per ramp per year  

Period Events Start End Years Events/Year/Ramp
Before mitigation 4 8/21/2016 11/9/2016 0.22 3.0

After mitigation 24 11/10/2016 8/31/2019 2.81 1.4
Total 28
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Effectiveness of the off-ramp enhancements. 
– Before and After

Presenter
Presentation Notes
For the Sacramento area exit-ramps, there was a 53% reduction in Wrong-Way events per ramp per year.  That looks like a pretty significant improvement, but there weren’t much data, so it may not be representative of a larger scale deployment.  Our budget only allowed for a limited number of these video image processing systems, so we tried to install them at locations we thought would be particularly susceptible to wrong way entries.  However, the resulting sample size wasn’t really big enough for true statistical significance.  The fact that we didn’t see more wrong way events just shows how sporadically these events occur and how difficult it is to predict where they will occur.



44

Accuracy of the TAPCO and TraffiCalm
active detection and alerting systems

Date Time Ramp VBSM TAPCO Note / Resolution
8/11/2016 4:10 AM US 50 WB Jefferson Blvd X left to exit ramp, through camera, recovered
10/21/2016 1:52 PM US 50 WB S. River Rd X right to exit ramp, quick recovery
11/2/2016 1:04 AM US 50 WB 26th St X up one-way (W), just onto ramp, recovered
11/6/2016 4:46 PM US 50 WB S. River Rd X right to exit ramp, quick recovery
12/22/2016 5:41 AM US 50 WB 10th St X Likely impaired, all the way onto exit ramp
3/25/2017 2:44 AM US 50 WB 26th St X construction WW driver
3/29/2017 9:51 AM US 50 WB S. River Rd X Left from 5th, onto shoulder, then quick u-turn recover
4/17/2017 7:22 PM US 50 WB S. River Rd X wrong way vehicle
5/4/2017 3:47 AM US 50 WB 10th St X Wrong way up W St, quick U-turn recover
5/16/2017 11:43 PM US 50 WB 10th St X Right onto W, seems to go around block, out at 1:20 on 12th St

5/26/2017 4:12 AM US 50 WB 26th St X
Right onto W, mostly in lane 2, seems to be turning around, never 
seen again, but not up exit ramp. Probably turned onto 27th.

7/19/2017 3:13 AM US 50 WB 26th St X wrong way vehicle
7/25/2017 6:48 PM US 50 WB S. River Rd X wrong way vehicle
7/30/2017 6:12 AM US 50 WB S. River Rd X truck right on ramp, recovers before camera
7/31/2017 11:16 PM US 50 WB S. River Rd X wrong way vehicle
8/1/2017 11:30 PM US 50 WB Jefferson Blvd X wrong way vehicle
8/23/2017 12:49 AM US 50 WB Jefferson Blvd X Through camera, eventually recovers
9/13/2017 5:39 AM US 50 WB 16th St X WW Veh chase by law Enforcement
10/10/2017 3:12 PM US 50 WB 26th St X Left from 26th onto W, u-turn just into ramp
11/23/2017 7:48 AM US 50 WB 26th St X red SUV wrong way up W, see next clip, 2 unrelated
11/23/2017 7:48 AM US 50 WB 26th St X silver car wrong way up W, see previous clip, 2 unrelated
4/17/2018 1:04 PM US 50 WB S. River Rd X right onto ramp, tries to go lane 1, blocked, swerves to zero
5/18/2018 5:14 PM US 50 WB S. River Rd X enters on shoulder, quick recovery
5/26/2018 7:31 AM US 50 WB S. River Rd X enters on shoulder, most of way to camera, then u-turn recover
6/5/2018 8:58 PM US 50 WB S. River Rd X wrong way vehicle
8/7/2018 1:14 PM US 50 WB S. River Rd X wrong way vehicle
8/18/2018 7:21 AM US 50 EB 5th St X full-on wrong-way, no recovery, broad daylight
11/4/2018 11:30 PM US 50 WB S. River Rd X vehicle, realizes quickly due to oncoming vehicle
11/19/2018 9:07 AM US 50 WB S. River Rd X wrong way vehicle
12/2/2018 3:32 AM US 50 WB 26th St X vehicle, wrong way, stops, takes a wee

1/14/2019 5:26 AM US 50 WB 26th St X vehicle, wrong way, doesn’t enter ramp, continues wrong way on W

1/30/2019 4:13 AM US 50 WB 26th St X vehicle, wrong way, doesn’t enter ramp, continues wrong way on W

2/2/2019 1:47 AM US 50 WB 10th St X WW law enforcement
2/4/2019 1:36 AM US 50 WB 10th St X X Wrong-way, never returns
2/28/2019 1:28 AM US 50 WB S. River Rd X see event 1:22, returns to vehicle, drives onto freeway
4/21/2019 5:41 PM US 50 WB S. River Rd X pedestrian
5/3/2019 4:21 PM US 50 WB S. River Rd X vehicle, realizes quickly due to oncoming vehicles
5/18/2019 3:33 PM US 50 WB S. River Rd X vehicle, realizes quickly due to oncoming vehicles
6/16/2019 12:18 AM US 50 WB S. River Rd X scooter wrong way

6/22/2019 3:06 AM US 50 WB 26th St X vehicle, wrong way, doesn’t enter ramp, continues wrong way on W

6/22/2019 4:58 AM US 50 WB 26th St X vehicle, wrong way, up ramp, no recovery
7/21/2019 10:02 PM US 50 WB S. River Rd X wrong way vehicle

6 Sacramento area exit 
ramps had both the VBSM 

(UC Davis) and TAPCO 
systems.  These systems 

detected a total of 42 WWD 
events.  Of this total, 27 

were detected only by the 
VBSMs (blue entries), 14 
were detected only by the 
TAPCO systems (orange 
entries), and only 1 event 

was detected by both 
(purple entry).

Presenter
Presentation Notes
The six Sacramento area exit ramps had both the UC Davis video image processing systems and TAPCO systems.  These systems detected a total of 42 WWD events, but of this total, 27 were detected only by the UC Davis systems, which you can see listed in light blue.  14 were detected only by the TAPCO systems, which you can see listed in orange, and only 1 event was detected by both, shown as the purple entry.  The main reason for this discrepancy is the different vantage points, and thus different fields of view, of the two types of detectors.  The UC Davis systems were positioned close to the exit ramp throat, in order to observe entry manner, while the TAPCO systems tended to be located further up the exit ramp toward the mainline to optimize their detection and warning capabilities.  So, several wrong way vehicles seen by the UC Davis detectors self-corrected before reaching the detection zone of the TAPCO.  Conversely, in three cases an errant wrong way vehicle bypassed the UC Davis detection zone but subsequently drove through the TAPCO zone.  In three other cases, both detection systems initially reported a wrong way vehicle, but the UC Davis researchers later determined after manual review of the video clip that the driver intentionally entered the exit ramp and didn’t end up classifying the event as an actual wrong way entry due to driver error…
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The newly installed 
directional sign to the Golden 

1 Center blocked the rear-
facing radar detector of the 

TAPCO system at US 50 and 
16th Street.  (The UC Davis 

detection system can be seen 
on the wood pole in the 

background.)

Presenter
Presentation Notes
…Finally, on the 16th Street exit ramp, a sign to the newly constructed Golden1 Center was installed in front of the TAPCO rear-facing radar, so it couldn’t detect passing vehicles and send alerts to the TMC.  These real-world difficulties demonstrate that it’s not always easy to automatically detect wrong way vehicle movements. 



The TAPCO systems activated its flashing sign, thus warning wrong-
way drivers locally, for 64.3% of the VBSM-detected WWD events

Quantity Percent
Relevant wrong-way events

for activation
14 100.0%

Tapco did activate sign 9 64.3%

Tapco did not activate sign 5 35.7%
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However, the TAPCO systems only sent alerts to the Traffic Management 
Center (TMC) for 30% of the VBSM-detected WWD events

Quantity Percent

Relevant wrong-way events
for alert 10

100%

Tapco did alert 3 30%
Tapco did not alert 7 70%

Presenter
Presentation Notes
Of the 28 total wrong way events detected by the UC Davis systems, the researchers determined that 14 of them should have activated the flashing LED borders of the wrong way signs in order to warn the driver locally.  However, the TAPCO system did so for only 9 of those, which is about 64 percent.  Of those 14 events, the researchers also determined that 10 of them should have caused an alert to be sent to the traffic management center.  However, the TAPCO system did so for only 3 of those, which is 30 percent.




The TraffiCalm systems activated its flashing sign, thus warning wrong-
way drivers locally, for 50% of the VBSM-detected WWD events
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However, the TraffiCalm systems sent alerts to the Traffic Management 
Center (TMC) for 100% of the VBSM-detected WWD events

Quantity Percent
Relevant wrong-way events

for alert 2 100.0%

TraffiCalm did alert 1 50.0%
TraffiCalm did not alert 1 50.0%

Quantity Percent
Relevant wrong-way events

for activation 2 100.0%

TraffiCalm did activate sign 2 100.0%
TraffiCalm did not activate sign 0 0.0%

Presenter
Presentation Notes
As for the TraffiCalm systems, Of the 2 wrong way events that the researchers determined should have activated the flashing LED borders of the wrong way signs in order to warn the driver locally, the TAPCO system did so both times, which is 100 percent.  The researchers determined that both events should have caused an alert to be sent to the traffic management center.  However, the TAPCO system did so for only 1 of those, which is 50 percent.  Statistically, the TraffiCalm systems did a little better than the TAPCO systems, but the sample size was so small in both cases that it’s hard to attach much statistical significance to these results.
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Outcomes
Detail Drawings for red retroreflective raised pavement markings on ramp lane 
lines, freeway and expressway lane lines and Type V arrows on ramps have 
been added to the California Manual for Uniform Traffic devices (MUTCD) and 
are approved for all new highway construction and maintenance projects. 
Caltrans has already installed the reflective markers on hundreds of miles of 
highways.

LED Illuminated DO-NOT-ENTER signs require no further approvals and can be 
installed as needed or warranted.

Active Detection and Alerting Systems require no additional approval for use, 
however business policies should be developed for their use in projects, 
because they are significantly more expensive than other countermeasures 
tested.  Also, while the TAPCO and TraffiCalm systems often functioned as 
intended, they are not yet a foolproof method of detecting wrong way driving 
events. Therefore, these systems should not be installed on ramps that have 
not evaluated other lower cost countermeasures first. 

Caltrans District 3 added straight/right signs, straight/left + no right signs, and 
left or right turn only signs to the intersection of US 50 WB exit ramp and South 
River Road, which was shown by the research project to be the most prone to 
wrong way driving movements.

Presenter
Presentation Notes
As a result of these pilot projects in the Sacramento and San Diego areas, detail Drawings for red retroreflective raised pavement markings on ramp lane lines, freeway and expressway lane lines and Type V arrows on ramps have been added to the California Manual for Uniform Traffic devices (MUTCD) and are approved for all new highway construction and maintenance projects. Caltrans has already installed the reflective markers on hundreds of miles of highways.  LED Illuminated DO-NOT-ENTER signs have been approved for use, as have the Active Detection and Alerting Systems, however the Active systems are relatively expensive and shouldn’t be installed on ramps that haven’t evaluated other lower cost countermeasures first.  As a result of this study, Caltrans District 3 added straight/right signs, straight/left + no right signs, and left or right turn only signs to the intersection of US 50 WB exit ramp and South River Road, which was shown by the research project to be the most prone to wrong way driving movements.
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Page 667 of the current California MUTCD, added in 2021, showing the layout of 
the new standard for two-way reflective pavement markers on exit ramps

Presenter
Presentation Notes
As a result of these pilot projects, detail Drawings for red retroreflective raised pavement markings on ramp and freeway lane lines have been added to the California MUTCD and are approved for all new highway construction and maintenance projects.  Caltrans has already installed them on hundreds of miles of highways.  
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Page 748 of the 
current California 
MUTCD, added in 
2021, showing a 
detail of the new 

standard for two-way 
reflective pavement 
markers overlaid on 

a Type V arrow

Presenter
Presentation Notes
Drawings for red retroreflective raised pavement markings on ramp lane lines, freeway and expressway lane lines and Type V arrows on ramps have been added to the California Manual for Uniform Traffic devices (MUTCD) and are approved for all new highway construction and maintenance projects.
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Added
straight/right 

turn sign

Signs were added to the intersection of US 50 WB exit ramp and South River 
Road to deter wrong way driving movements onto the exit ramp

Presenter
Presentation Notes
As a result of this study, Caltrans District 3 added straight/right signs, straight/left + no right signs, and left or right turn only signs to the intersection of US 50 WB exit ramp and South River Road, which was shown by the research project to be the most prone to wrong way driving movements.



Other countermeasures currently 
being evaluated and studied
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Bidirectional pavement markings use raised, angled surfaces to display 
a warning to wrong way drivers without distracting other drivers.

They were not part of the original pilot projects but were recently 
installed for pilot testing in San Diego County (Caltrans District 11).

Presenter
Presentation Notes
Those initial pilot projects and accompanying research project are completed, but Caltrans is continuing to study and evaluate other wrong way entry countermeasures.  For example, these recently developed bidirectional pavement markings weren’t part of the original pilot projects but were recently installed for pilot testing in San Diego County.  They use raised, angled surfaces to display a warning to wrong way drivers without distracting drivers travelling in the correct direction.  This design is at least partially in response to a study from the Texas Transportation Institute that used eye movement-tracking cameras to show that intoxicated drivers tend to focus on the pavement directly in from of them and don’t look around for signs and signals as much as non-intoxicated drivers.  Therefore, by embedding the warning message in the roadway, we hope that intoxicated drivers will notice it more often.



1

2

3
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Bidirectional pavement markings – design and application

Bi-angular 
profile produces 
bi-directional 
visibility with 
unidirectional 
messaging

Pigmented 
coating provides 
high contrast 
visibility for 
messaging

Base color 
coated with 
glass beads for 
high visibility

Presenter
Presentation Notes
Bidirectional pavement markings use raised, angled surfaces to display a warning to wrong way drivers without distracting drivers travelling in the correct direction. 
So, I brought something for show and tell today.  I have a white and a yellow thermoplastic lane line panel from the vendor, and you can see that when you change the viewing angle, a hidden wrong way warning emerges, sort of like how an image changes on those lenticular photos you see in tourist traps.  I’ll pass these around so you can get a close-up look at them.
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Bidirectional pavement markings Installed at I-5 NB exit 
ramp @ Palomar Street in Chula Vista, CA

Presenter
Presentation Notes
Here are some photos of the bidirectional pavement markings recently installed in Chula Vista, CA.  The red letters and arrows can only be seen when headed in the wrong direction, but drivers headed in the correct direction will only see solid white and yellow lines. 
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Bidirectional pavement marking Installation at I-5 NB 
exit ramp @ Palomar Street in Chula Vista, CA

Presenter
Presentation Notes
Here is a video showing the installation of the bidirectional pavement markings at the intersection on the I-5 northbound exit ramp and Palomar Street in Chula Vista, California.  You can see the thermoplastic panels are being tamped down onto the preheated lane lines.
The red letters and arrows can only be seen when headed in the wrong direction, but drivers headed in the correct direction will only see solid white and yellow lines. 
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A Caltrans sponsored study at Auburn University is 
investigating the effectiveness of countermeasures 
specifically designed for intoxicated wrong way drivers.

The research will use human subjects in a driving simulator 
to test their responses to emerging countermeasure 

technologies such as bidirectional pavement markings and 
directional rumble strips, which generate vibrations to 
provide haptic feedback alerts to intoxicated drivers.

Presenter
Presentation Notes
An ongoing Caltrans-sponsored study at Auburn University is investigating the effectiveness of countermeasures specifically designed for intoxicated wrong way drivers.  These include, for example, the bidirectional pavement markings we’ve just discussed, as well as directional rumble strips, which generate vibrations to provide haptic feedback alerts to intoxicated drivers who may not be able to recognize visual warnings.  The research will use human subjects in a driving simulator to test their responses to these emerging countermeasure technologies in comparison to more standard methods.  The UC Davis research previously described indicated that the countermeasures it studied were effective in producing self-corrective actions from wrong way drivers, but that they would apparently have little effect on reducing wrong way collisions caused by severely intoxicated drivers.  The countermeasures UC Davis studied after all, require a certain level of cognitive ability to see the countermeasure, recognize what it means, and take appropriate action.  However, this ongoing research seeks to understand the cognitive abilities of severely intoxicated drivers and how or whether they react differently to these emerging countermeasure technologies as opposed to more standardized methods.
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Researchers in the Psychology Department have 
obtained approval from Auburn University’s Institutional 

Review Board's (IRB) to intoxicate human subjects.

30 all male participants will be recruited by offering each subject 
$150 for completing a driving simulator session while drunk and 

$50 for completing a session while sober. 

The target blood-alcohol concentration (BAC) is 0.12%, which 
equals the highest found in academic literature for lab-based studies.

The alcohol dose will 
be calculated based on 

body weight and 
administered as one-
part absolute alcohol 
(95% alc/vol) mixed 

with three parts 
carbonated lemon/lime 

flavored soda.

Presenter
Presentation Notes
So, to find out about this, they’re going to get some people drunk.  The study will use all male drivers because, according to the Fatality Analysis Reporting System (FARS) database, 74% of alcohol-related WWD crashes nationwide, and 78% in California, were caused by male drivers, and also to avoid liability associated with the possibility of intoxicating pregnant people.  The target blood-alcohol concentration (BAC) is 0.12%, which equals the highest found in academic literature for lab-based studies.  Approximately 40% of WW drivers in fatal WWD crashes had blood-alcohol concentration levels below 0.12 across the nation and in CA.  The simulator will present a nighttime driving environment, because, according to the FARS database, over 90% of alcohol involved WWD fatal crashes happened during the nighttime across the nation and in CA.  The alcohol dose will be calculated based on body weight and administered as one-part absolute alcohol mixed with three parts carbonated lemon/lime flavored soda.  They don’t mess around with any 80 proof spirits; this is 190 proof alcohol.  Of course, their cocktail isn’t quite as pure as General Jack D Ripper’s from Dr. Strangelove, who famously only ever drank grain alcohol and water, but I guess the researchers figured if they added some tartness and effervescence to the dosage, the subjects would be more likely to finish it.
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Directional rumble strips generate vibrations to provide 
haptic feedback alerts to intoxicated drivers

Presenter
Presentation Notes
Three main patterns are being programmed into the driving simulator.  Pattern E.1 normally shakes the passenger side on the vehicle more, but when travelling in the wrong direction, the driver feels more shaking.  Pattern C normally presents strips of increasing density as drivers travelling in the correct direction decelerate as they approach the stop bar, but drivers entering the exit ramp will run over the high-density strips first at a higher speed and get a much more abrupt warning.  Pattern D is normally run over at low speed by drivers decelerating as they exit the ramp and approach the stop bar but will be much more jarring to drivers as they accelerate while entering the ramp in the wrong direction.
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Three different patterns of directional rumble strips will 
be included in the driving simulator scenarios.

Pattern C

Pattern D3

Pattern E.1

Presenter
Presentation Notes
The height and width of the rumble strips in Pattern D3 gradually increases for drivers headed in the correct direction, but wrong way drivers will run over the highest and widest strips first, presenting them with a much more abrupt and jarring warning.  In Pattern E.1, the slope of the rumble strips is relatively gradual for drivers headed in the correct direction, but much steeper for wrong way drivers, again presenting them with a much more abrupt and jarring warning.
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Two different patterns of bidirectional pavement markings will 
be included in the driving simulator scenarios.

4

5

Longitudinal Lane 
Line (MUTCD 
3A-05.02/03)

Wrong Way Arrow
(MUTCD 3B-24D)

6

7

Wrong Way 
Message 
(MUTCD 3b-24)

Stop Bar
(MUTCD 3B-16)

Presenter
Presentation Notes
Caltrans is currently testing two slightly different configurations of the bidirectional pavement markings.  16 exit ramps will use red markings on every 36-inch thermoplastic stripe panel, and an additional 16 ramps will use red markings on every other panel.
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Driving simulator experiment scenarios

The objective of this driving simulator experiment is to identify effective communication 
methods, i.e. traffic control devices, to deter wrong-way driving for intoxicated drivers.

A nighttime environment will be simulated, because, according to the 
Fatality Analysis Reporting System (FARS) database, over 90% of 
alcohol-involved WWD fatal crashes happen during nighttime.

WWD countermeasures that will be evaluated in this study include:
- MUTCD standard Wrong Way and Do Not Enter signs
- Enlarged, low-mounted Wrong Way and Do Not Enter signs
- Wrong Way sign with flashing LED borders
- Wrong Way pavement arrow with retroreflective raised pavement markers (RRPMs)
- Bidirectional pavement markers
- Directional rumble strips

The following scenarios are being developed for this study:
- Driving simulator training to familiarize participants with the equipment 
(no implemented countermeasures) 

- Each countermeasure presented individually
- MUTCD requirements, CAMUTCD requirements and bidirectional pavement markers
- Various combinations of all countermeasures

Presenter
Presentation Notes
The driving simulator will present participants with various mixtures of countermeasures.  The idea is to compare the effectiveness of current standard countermeasures, as defined in the MUTCD and CAMUTCD, with the emerging non-standard methods.  Each participant will be asked to navigate four scenarios.  The first will just be to familiarize participants with the equipment and not include any countermeasures.  The second will present each countermeasure individually.  The third is designed to compare the effectiveness of the MUTCD requirements, the CAMUTCD requirements and the bidirectional pavement markers.  The last will present various combinations of all countermeasures.
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Each countermeasure presented individually

Low-mounted and enlarged

DO NOT ENTER and

Bidirectional pavement markers

Directional rumble strips

Presenter
Presentation Notes
The simulator courses will be designed so participants are required to make turns to avoid passing through each countermeasure.  If they do, they will reach a dead-end and have to make a U-turn to continue.  The dead-end segments will appear to the driver to be roughly 400 feet long.  Some dead-end segments will be presented as T intersections with no countermeasures or required turning movements.  These intersections, as well as the intersections with countermeasures, will be randomly distributed throughout the course.  The course configuration will be changed for each scenario, so participants won’t be able to memorize the locations of countermeasures.
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MUTCD vs CAMUTCD vs Bidirectional pavement markers

Bidirectional pavement markers

Presenter
Presentation Notes
This scenario is designed to compare the effectiveness of the MUTCD requirements, the CAMUTCD requirements and the bidirectional pavement markers.  The CAMUTCD requires DO NOT ENTER (R5-1) and WRONG WAY (R5-1a) signs to be mounted on the same poles.
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Standard WWD signs or WWD signs with LED borders combined with arrows 
with RRPM or bidirectional pavement markers or directional rumble strips

Presenter
Presentation Notes
This scenario is designed to present the driver with each combination of two different countermeasures.
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GPS mobile device to cloud Server wrong way driver detection and warning

Caltrans and UC Davis are working with Bosch Mobility Solutions 
in Germany to test their mobile device (e.g. cellular phone) app 

extension on California state highways.

Bosch’s software integrates into a third-party provider’s existing mobile 
device app and uses the devices’ GPS data to detect wrong way 

movements and send out a warning to the driver, proximate vehicles 
and interested government agencies.

Presenter
Presentation Notes
In addition to the Auburn study, Caltrans will be testing a relatively inexpensive way to detect wrong way driving on all California state highway facilities.  We’re currently working with UC Davis and Bosch to test Bosch’s cloud-based GPS wrong way warning system for mobile devices, like cellular phones for example.
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Bosch’s software transmits regular, anonymized position data to a server in a central 
computing location.  The server contains a web-based database of maps and 

corresponding permitted directions of travel.  When the server detects a conflict in 
travel direction, the wrong-way driver, and all proximate networked road users, 

automatically receive a warning presented through the third-party app.

Presenter
Presentation Notes
Bosch’s software transmits regular, anonymized position data to a server in a central computing location.  The server contains a web-based database of maps and corresponding permitted directions of travel.  When the server detects a conflict in travel direction, the wrong-way driver, and all proximate networked road users, automatically receive a warning presented through the third-party app.
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Bosch’s software transmits regular, anonymized position data to a server in a 
central computing center.  The server contains a web-based database of maps and 
corresponding permitted directions of travel.  When the server detects a conflict in 

travel direction, the wrong-way driver, and all proximate networked road users, 
automatically receive a warning presented through the third-party app.

Presenter
Presentation Notes
Bosch sought to integrate their technology into existing third-party apps that run in the background, like radio station apps for example.  They think that it’ll end up running on more cell phones if drivers don’t have to initiate a separate, dedicated app.  After all, no one expects to make a wrong way movement onto a roadway, and presumably wouldn’t habitually open and extra app as a precaution, especially if they were drunk at the time.
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Bosch’s software transmits regular, anonymized position data to a server in a 
central computing center.  The server contains a web-based database of maps and 
corresponding permitted directions of travel.  When the server detects a conflict in 

travel direction, the wrong-way driver, and all proximate networked road users, 
automatically receive a warning presented through the third-party app 2.

Presenter
Presentation Notes
Bosch’s software integrates into a third-party provider’s existing mobile device app and uses the devices’ GPS data to detect wrong way movements and send out a warning to the driver, proximate vehicles and interested government agencies.  Bosch has implemented the system in Germany and other parts on Europe, where it has partnered with a number of cell phone app providers.
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Caltrans would like to test the reliability, timely responsiveness and positional 
accuracy of the Bosch system on a small scale by working with UC Davis to 
develop a custom app and server program to host their software and confirm 

its functionality by driving test vehicles up closed exit ramps.  UC Davis 
would coordinate with Caltrans maintenance crews to safely drive test 

vehicles the wrong way up exit ramps they plan to close.

EXIT RAMP

Presenter
Presentation Notes
Bosch has yet to partner with any app providers in the United States, but Caltrans would first like to test the reliability, timely responsiveness and positional accuracy of the Bosch system on a small scale.  Therefore, we’re working with UC Davis to develop a custom app and server program to host the Bosch software and confirm its functionality by driving test vehicles up closed exit ramps and other roadway facilities.  UC Davis will coordinate with Caltrans maintenance crews to safely drive test vehicles the wrong way up ramps they plan to close.
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Thanks for Listening

Presenter
Presentation Notes
Thanks for Listening.  I’d be happy to try to answer any questions in the remaining allotted time.


	Deterrence and Detection of �Wrong-Way Drivers on California Highways
	Wrong-Way Collisions 
	Historic Efforts to Combat Wrong-Way Collisions
	Comparison between Total Number and Rate of Fatal �Wrong-Way Collisions on California Freeways and Expressways 
	Comparison between Wrong-Way Collisions and all Types of �Collisions on California Freeways and Expressways 
	In the first six months of 2015, 24 people were killed in 10 wrong-way collisions in Sacramento and San Diego.
	2016 Caltrans Wrong-Way Driving Report
	Wrong-Way Deterrence and Detection Pilot Projects in Caltrans Districts 3 and 11
	9
	10
	Two-Way Retro-Reflective Pavement Markers
	Enlarged Do Not Enter/Wrong Way Signs
	Reduction in CHP Reported Wrong-Way Driver Collisions in District 11 Before and After Installation of Red-on-Backside raised reflective pavement markers 
	Radar-based Active Detection and Alerting Systems were installed on a subset of exit ramps.
	15
	The latest TAPCO wrong way detection systems use thermal imaging sensors and infrared illuminators instead of radar detectors
	TAPCO System at Jefferson Blvd & WB US 50 in District 3
	TraffiCalm System at Sunset Cliffs Blvd & WB I-8 in District 11
	19
	20
	Caltrans’ Division of Research, Innovation and System Information (DRISI) conducted a research project to study the effectiveness of the exit-ramp enhancements in Districts 3 and 11.

	Camera
	arrow
	24
	Of those 137 vehicle events, only 34 were considered wrong way driving behavior.
	table that shows how those 34 wrong way driving events were distributed among the monitored ramps
	All VBSM-captured WWD events classified by off-ramp and group
	A Particularly Dangerous WWD Trajectory was Captured on 10th Street & WB US 50 Off-Ramp. 
	Not all detected wrong way movements were caused by motor vehicles.
	Not all detected wrong way movements were unintentional.
	Not all detected wrong way movements were unintentional 2.
	Not all detected wrong way movements were unintentional 3.
	Not all detected wrong way movements were unintentional 4.
	Not all detected wrong way movements were unintentional 5.
	Other wrong way movements caused by mistakes by drivers
	Other wrong way movements caused by mistakes by drivers 2
	Other wrong way movements caused by mistakes by drivers 3
	Other wrong way movements caused by mistakes by drivers 4
	Other wrong way movements caused by mistakes by drivers 5
	Results
	Extent and characteristics of the WWD problem.
	Extent and characteristics of the WWD problem 2.
	Effectiveness of the off-ramp enhancements. 
– Before and After
	Accuracy of the TAPCO and TraffiCalm active detection and alerting systems
	The newly installed directional sign to the Golden 1 Center blocked the rear-facing radar detector of the TAPCO system at US 50 and 16th Street.  (The UC Davis detection system can be seen on the wood pole in the background.)
	However, the TAPCO systems only sent alerts to the Traffic Management Center (TMC) for 30% of the VBSM-detected WWD events
	However, the TraffiCalm systems sent alerts to the Traffic Management Center (TMC) for 100% of the VBSM-detected WWD events
	Outcomes
	Page 667 of the current California MUTCD, added in 2021, showing the layout of the new standard for two-way reflective pavement markers on exit ramps
	Page 748 of the current California MUTCD, added in 2021, showing a detail of the new standard for two-way reflective pavement markers overlaid on a Type V arrow
	Signs were added to the intersection of US 50 WB exit ramp and South River Road to deter wrong way driving movements onto the exit ramp
	
	Bidirectional pavement markings use raised, angled surfaces to display a warning to wrong way drivers without distracting other drivers.
	
	Bidirectional pavement markings – design and application
	Bidirectional pavement markings Installed at I-5 NB exit ramp @ Palomar Street in Chula Vista, CA
	
	Bidirectional pavement marking Installation at I-5 NB exit ramp @ Palomar Street in Chula Vista, CA
	
	A Caltrans sponsored study at Auburn University is investigating the effectiveness of countermeasures specifically designed for intoxicated wrong way drivers.
	
	Researchers in the Psychology Department have obtained approval from Auburn University’s Institutional Review Board's (IRB) to intoxicate human subjects.
	Directional rumble strips generate vibrations to provide haptic feedback alerts to intoxicated drivers

	Three different patterns of directional rumble strips will be included in the driving simulator scenarios.�
	Two different patterns of bidirectional pavement markings will be included in the driving simulator scenarios.�
	Driving simulator experiment scenarios�
	Each countermeasure presented individually�
	MUTCD vs CAMUTCD vs Bidirectional pavement markers�
	Standard WWD signs or WWD signs with LED borders combined with arrows with RRPM or bidirectional pavement markers or directional rumble strips�
	GPS mobile device to cloud Server wrong way driver detection and warning
	Bosch’s software transmits regular, anonymized position data to a server in a central computing location.  The server contains a web-based database of maps and corresponding permitted directions of travel.  When the server detects a conflict in travel direction, the wrong-way driver, and all proximate networked road users, automatically receive a warning presented through the third-party app.
	Bosch’s software transmits regular, anonymized position data to a server in a central computing center.  The server contains a web-based database of maps and corresponding permitted directions of travel.  When the server detects a conflict in travel direction, the wrong-way driver, and all proximate networked road users, automatically receive a warning presented through the third-party app.
	Bosch’s software transmits regular, anonymized position data to a server in a central computing center.  The server contains a web-based database of maps and corresponding permitted directions of travel.  When the server detects a conflict in travel direction, the wrong-way driver, and all proximate networked road users, automatically receive a warning presented through the third-party app 2.
	Caltrans would like to test the reliability, timely responsiveness and positional accuracy of the Bosch system on a small scale by working with UC Davis to develop a custom app and server program to host their software and confirm its functionality by driving test vehicles up closed exit ramps.  UC Davis would coordinate with Caltrans maintenance crews to safely drive test vehicles the wrong way up exit ramps they plan to close.
	Thanks for Listening

