
Putting Research into Practice: Robotic 
Roadway Painter Could Improve 
Pavement Marking Safety
What Was the Need?
MnDOT currently paints messages on pavement using 
stencils and a hand wand to spray the paint. Typically, 
the process requires two workers on the roadway, which 
exposes them to potential danger from traffic. Automating 
the painting process by using a robotic painter, operated 
from within a vehicle, could reduce the safety risk to 
workers. 

A robotic system might also reduce labor costs by speed-
ing up the process and reducing the manpower needed. 
Robots are potentially more flexible because they can 
paint any symbol that can be programmed whereas work-
ers are limited to the stencils that are available. Develop-
ment of a robotic painter might also prompt development 
of other uses for highway robots, such as automated crack 
filling or pothole repair.

Robots have been used in vehicle painting and other industrial applications for decades. 
Neither of two previous research efforts (in California and South Korea) to develop a 
pavement-painting robot has produced a commercially available system. For this project, 
MnDOT worked with the University of Minnesota rather than a robotics manufacturer 
because a university is better-positioned to develop a product that does not have a pre-
existing market, and because MnDOT’s contracting requirements would have required 
any commercial vendor to demonstrate it was uniquely qualified for a sole-source con-
tract. 

What Was Our Goal?
The goal of this project was to develop both a vehicle-mounted robotic roadway mes-
sage painter operable by a single worker and the software needed to use it.

What Did We Implement?
An earlier prototype had demonstrated the feasibility of robotic roadway painting. This 
project continued the development of the prototype system.

How Did We Do It?
The initial design concept was a gantry-style robot, where the robot would be attached 
to an overhead frame that allowed the robot to move along a horizontal plane. The unit 
was to be mounted on a truck trailer and capable of painting markings approximately 
4 by 8 feet in size. Project associates subsequently converted this design to an articu-
lated robot arm that attaches to the front of a truck and can fold flat during travel.

The system includes the following components: 

•  A painter frame that supports the moving parts and paint head.

•  A mounting system that attaches the painter frame to the vehicle and enables the 
robot arm to be deployed for use and retracted for travel.

•  A paint application system.
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IMPLEMENTATION
SUMMARY

In a test painting of a right-turn 
arrow, the robotic roadway painter 
applied hash lines instead of filling 

in the painted area, which was  
faster and used less paint.
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A truck-mounted robotic 

system is a feasible 

option for painting most 

of MnDOT’s pavement 

markings. This approach 

could improve safety by 

reducing worker exposure 

to traffic and could also 

reduce painting costs.
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•  A motion control system.

•  A system for dispensing reflective beads on painted areas.

•  An operator interface to allow users to control the entire device and select the symbols 
to be painted.

After development, project associates tested and fine-tuned the system indoors, then 
mounted it on a truck and tested it outdoors.

What Was the Impact?
Tests demonstrated that the robotic painter is a feasible option for painting a variety of 
markings on pavement. 

However, there are a few shortcomings to the system that still need to be addressed. 
Flexibility in the mounting system and arm joint results in some wobbliness in the arm 
motion, which resulted in some quality issues with painted markings. However, the 
controller has recently been upgraded, which may make it possible to resolve this issue 
by implementing a new control mode.

The pneumatic system for dispensing paint is affected by air and pavement conditions, 
which contribute to inconsistent performance. To address these issues, investigators 
recommend replacing it with a motorized jack screw.

Finally, the maximum size of the markings the robot can paint is about 13 by 10 feet. 
While most pavement markings are within this size, a few of those used by MnDOT are 
larger, like combination arrows or railroad crossing symbols.

This project also revealed that MnDOT’s current pavement markings have some draw-
backs for robotic painting. The solid lines that MnDOT now uses in its markings require 
more paint and take longer to apply than the directional hash lines applied by the robot. 
However, MnDOT would need to evaluate driver response to changes in pavement 
marking symbols before going ahead with such changes. 

A video demonstrating the prototype system is available on the MnDOT Research 
Services YouTube page.

What’s Next?
Despite the remaining issues, the system developed in this project is largely ready for 
commercialization. Since final development is beyond MnDOT’s capabilities, no further 
MnDOT research is planned. Instead, the system has been licensed to a Minnesota com-
pany for further work. MnDOT remains interested in implementing the system once it 
becomes available.
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at mndot.gov/research/TS/2016/201631.pdf. 

Project associates replaced the gantry-style robot in the original prototype with 
an articulated arm that folds flat against the front of the truck during travel. 

“This was a proof-of- 
concept project that 
showed robotic roadway 
painting could be done. 
Once a manufacturer 
develops a system, MnDOT 
will be interested in 
implementing it.”

—Jeremy Gjovik,
Transportation 
Operations Supervisor, 
MnDOT District 3 

“This device has the 
potential to completely 
change how markings are 
painted on roadways. The 
project demonstrated the 
ability to paint 
roadway markings using 
an articulated robot arm 
and helped determine the 
design specifics needed to 
develop a commercially 
viable unit.”

—Ryan Rosandich,
Associate Professor, 
University of Minnesota 
Duluth Department of 
Mechanical and Industrial 
Engineering
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