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HAVE WE GONE BANANAS?
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DISCLAIMER
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THE ROLE OF INTUITION
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WSDOT’s profiled markings 
are LIDAR-visible and benefit 

human drivers, too

Are pavement markings key 
information for future 

machine vision systems?

DRIVING QUESTION . . .
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CHALLENGES

• Wide variety of use cases
• Safety challenges are 
incongruent with operating 
design domains of least 
complexity

• Inconsistent application of 
standards

• Wide variation in marking 
visibility, often due to 
weather effects and 
varying maintenance
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AVS 2019

“Reading the Road Ahead”
• Machine vision and traffic control 
device interactions

• Emphasis on understanding failure 
modes

• 2019: Preparing Infrastructure for 
ADAS and HAV

• Moving ahead with co-organizer Ken 
Smith from 3M

• Thank you to TRB and AUVSI
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INDUSTRY EXPERTISE
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INDUSTRY EXPERTISE

Scott O. Kuznicki
Modern Traffic Consultants

12



International Symposium on Traffic Signs & Pavement Markings
Zagreb, Croatia| Oct 3-4, 2019

INDUSTRY EXPERTISE
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INDUSTRY EXPERTISE

Ken Smith
3M

14



International Symposium on Traffic Signs & Pavement Markings
Zagreb, Croatia| Oct 3-4, 2019

INDUSTRY EXPERTISE
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INDUSTRY EXPERTISE
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INDUSTRY EXPERTISE

Ro Gupta
Camera
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INDUSTRY EXPERTISE
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INDUSTRY EXPERTISE
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INDUSTRY EXPERTISE

Phil Magney
VSI Labs

20



International Symposium on Traffic Signs & Pavement Markings
Zagreb, Croatia| Oct 3-4, 2019

INDUSTRY EXPERTISE
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INDUSTRY EXPERTISE

Adam Pike
Texas A&M Transportation Institute
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INDUSTRY EXPERTISE
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INDUSTRY EXPERTISE
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INDUSTRY EXPERTISE

Srivikumar Ranithanam
Texas A&M Transportation Institute
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INDUSTRY EXPERTISE
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INDUSTRY EXPERTISE
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INDUSTRY EXPERTISE
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KEY FINDINGS

• Lane markings and delineation are and will 
remain critical for lateral positioning functions
in both ADAS and HAV machine vision systems

• Markings will be used for machine vision for 
localization by means of perception with visible-
light and LiDAR

• Color, width, pattern, material, profile, and position 
on roadway all influence user perception
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Machines are road users!!!
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KEY FINDINGS

• State agencies have failed to revise standards for 
logical consistency (differentiating between two 
types of dotted lines, for example) and often do not 
assist local agencies so as to ensure proper use

• Simultaneous Location and Mapping (SLAM) 
approaches will evolve along with ADAS 
applications such as LDW and LKA

• There is a substantial need for immediate and 
near-term investments in research addressing wet-
reflective pavement marking visibility to ensure 
ADAS can evolve into HAV.
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KEY RECOMMENDATIONS

•CONSISTENCY
•DIFFERENTIABILITY
•PERFORMANCE
•MAINTENANCE
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CONSISTENCY
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CONSISTENCY

33



International Symposium on Traffic Signs & Pavement Markings
Zagreb, Croatia| Oct 3-4, 2019

DIFFERENTIABILITY
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DIFFERENTIABILITY
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BROKEN LANE LINE

DOTTED LANE LINE

DOTTED EXTENSION

DOTTED . . .
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DIFFERENTIABILITY & CONSISTENCY
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PRESIDENT WASHINGTON
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STRATEGIC ACTIONS & RESEARCH NEEDS

• Demonstrate the need for agency investment in 
pavement marking programs

• technical training
• improved asset management and maintenance
• pooled-fund research priorities
• consistent applications with harmonized standard 

plans among agencies
• Identify how pavement marking functionality 
established in the Reference Machine Vision 
System can aid in establishing standards for 
lateral positioning systems that use pavement 
markings *and* also aid human factors research.
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STRATEGIC RECOMMENDATIONS

• Determine true machine *and* human ability to 
differentiate between patterns and widths of 
pavement mark`ings; assess differentiation 
between marking patterns with varying ratios

• This recommendation for experimentation is a 
response to the growing use of 6-inch (200 mm) 
lane lines, which fall between the 4-inch (150 
mm) width used for most broken lane lines and 
the 8-inch (300 mm) width often used for solid 
lines in ramp terminal areas.

41



International Symposium on Traffic Signs & Pavement Markings
Zagreb, Croatia| Oct 3-4, 2019

TECHNICAL RECOMMENDATIONS
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TECHNICAL RECOMMENDATIONS

• Identify candidates for conducting pavement 
marking maintenance and technical training.

• Formulate recommendations for installation of 
transverse/diagonal markings in all exit and 
entrance ramp terminal areas, as the number 
and/or presence of lanes is unclear when the 
width of the unmarked area of the ramp terminal 
exceeds 2.7 m (8 ft)
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TECHNICAL RECOMMENDATIONS

• Formulate recommendations for installation of 
transverse/diagonal markings in all exit and entrance 
ramp terminal areas, as the number and/or presence 
of lanes is unclear when the width of the unmarked 
area of the ramp terminal exceeds 2.7 m (8 ft)
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TECHNICAL RECOMMENDATIONS

• DIFFERENTIATE between the dotted 
extension line and the dotted 
lane line to identify continuing 
lanes, non-continuing lanes, and 
transition areas to aid in 
harmonization of markings with 
SLAM.
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• CONSISTENTLY install dotted 
extension lines marking all 
transition areas
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“Achieve superior competence 
in your strategic areas of focus 
and obtain confidence from 
manufacturers for deployment 
here in Washington State.”

FOCUS ON FUNDAMENTALS
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SENSOR FUSION . . . .

47



International Symposium on Traffic Signs & Pavement Markings
Zagreb, Croatia| Oct 3-4, 2019

SENSOR FISSION?
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INFRASTRUCTURE READINESS
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ITS World Congress
Singapore

22 October 2019
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KEEP THE CONVERSATION MOVING!

scottokuznicki@
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