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Abstract

This paper describes the latest developments in the InfraROB project, a Horizon 2020 initiative funded by the European 
Commission (Grant Agreement N. 955337). The primary objective of InfraROB is to enhance the integrity, performance, and safety 
of road infrastructures by implementing autonomous robotized solutions and modularization. A pivotal task within this project 
involves developing a 3D printer system integrated into a small autonomous carrier designed to repair potholes in road pavements. 
The proposed system addresses the critical need for a preventative approach to infrastructure maintenance during the early stages 
of road degradation. By autonomously reaching pothole positions, the system minimizes worker exposure to traffic, enhancing 
overall safety. This approach aligns with the overarching goal of InfraROB to revolutionize road repair methods. The mixture 
allows immediate compaction by maintenance and traffic vehicles and ensures efficient and durable repairs. The development 
process is detailed across four distinct phases: defining constraints for the autonomous carrier, establishing parameters for the 3D 
printer system and repair mixture, designing and constructing the 3D printer, and finally, integrating the system with the 
autonomous carrier. This paper provides insights into the printer's design tailored to the robot's dimensions and successful 
integration into the autonomous carrier, marking a significant leap forward in autonomous road repair technology.
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1. Introduction

Road networks facilitate the transport and movement of people, goods, and services (Daniel et al., 2022). Roads 
must be maintained at good standard to ensure adequate levels of comfort and safety (Bruno et al., 2022). In this 
regard, scheduled maintenance activities play a pivotal role in preventing excessive deterioration of the pavement (Al-
Mansour et al., 2022). In particular, some road distress can progress rapidly and necessitate costly repairs (Yang et al., 
2024). Road potholes not promptly repaired at their first stages can widen and spread quickly due to factors (e.g., water 
and traffic), potentially damaging deeper pavement layers (Chatterjee et al., 2006). Additionally, potholes can affect 
vehicle control and repair work exposes workers to increased traffic-related risks (Hafezzadeh et al., 2021). This issue 
was addressed by the research project InfraROB, funded by the European Commission's research programme Horizon 
2020, aiming to maintain integrity, performance, and safety of roads through autonomous robotic solutions and 
modularization.  

A specific project task involved the development of a 3D printer able to extrude an asphalt mixture to patch small 
potholes. The printer has been integrated into an existing small autonomous carrier, obtaining an autonomous repairing 
prototype system able to perform quick pothole reparations while reducing worker and construction equipment to live 
traffic, thus increasing the safety of road users.

The printer’s dimensions are constrained by the maximum payload of the autonomous carrier and the available 
construction space for carrying out the integration. Due to these limitations, the research was conducted in parallel 
with a preliminary definition of the printer by considering both the dimensions of the autonomous carrier and the 
specific properties required for the asphalt mixture.

The integration of the 3D printer into the existing robot represents the final step in a process that included:
i) definition of the constraints due to the autonomous carrier,
ii) definition of the optimal parameters of the system 3D printer/repairing mixture, 
iii) design and construction of the 3D printer, and 
iv) system integration into the autonomous carrier.
This paper describes the integration of the 3D printer into the autonomous carrier (phase iv). A detailed description 

of the previous phases is in (Bruno et al., 2023; Cantisani et al., 2023; Di Mascio et al., 2023). However, since the 
previous three phases ran almost simultaneously, some details are provided to explain the different steps that led to 
the integration.

2. The autonomous carrier

The autonomous carrier supplied by the project partner 'Tiny Mobile Robots' (TMR) is a three-wheeled robot 
initially designed for pre-marking road lines. It allows for remote operation via a tablet by an operator. It is equipped 
with a GNSS receiver, with location data transmitted to the operator’s tablet through Bluetooth. It is equipped with a 
GNSS receiver, with location data transmitted to the operator’s tablet through Bluetooth. The carrier’s dimensions are 
notably compact: the robot's projection on the ground is inscribed in a rectangle measuring 828x688 mm, and the 
maximum height is 491 mm (Fig. 1).

Weighing 18 kg, it has a payload capacity of 25 kg. The definition of the overall system had to comply with the 
constraints due to the dimension of the carrier, its available space and payload. Therefore, the mixture characteristics 
and the dimension of the 3D printer were studied to comply with these constraints.

3. The repairing mixture

After a desk study and different lab tests (Cantisani et al., 2023; Di Mascio et al., 2023), a cold mix asphalt was 
selected to fill the potholes, thus avoiding to provide a heating system that would have been incompatible with the 
size and payload limitations of the robot. The mixture is composed of 100% Reclaimed Asphalt Pavement (RAP) and 
a Multifunctional Chemical Compound (MCC) consisting of antioxidants, plasticizers, vegetal rejuvenators, diluents, 
and dispersants. The MCC can simultaneously reuse, regenerate, and plasticize the bitumen contained in the RAP.
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Fig. 1. The autonomous carrier dimensions: a) front view b) plan.

The production of the mixture with 100% RAP and multifunctional additive can be made in the system at room 
temperature by adding the additive after placing the RAP into the mixer. 

The MCC dosage ranges between 1% and 3% on the weight of the RAP. The material produced with this technology 
can be stored for up to 72 hours before use.

Laboratory and on-site tests were performed on the mixture (Bruno et al., 2024). The laboratory tests carried out 
with the studied mixture gave excellent results of indirect tensile strength, Marshall stability, and particle loss. The 
mixture can fill the pothole to be repaired (Fig. 2) without prior cleaning or compaction and exhibited remarkable 
stability during field evaluations. Because the mixture does not require cleaning and compaction, the system also 
reduces the time spent on site compared to traditional manual techniques and the road can be reopened to traffic 
immediately after the repair.

Fig. 2. RAP+MCC mixtures tested in asphalt concrete pavement.

4. The 3D Printer 

The printer consists of the following elements (Fig. 3):
• Tank: containing the material to be extruded.
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• Movement axis Y: axis that controls the movements of the print head along the horizontal longitudinal axis 
and allows the head to move forward and backward.

• Movement axis X: axis that controls the movements of the print head along the horizontal transversal axis and 
allows the head to move left and right.

• Movement axis Z: the vertical axis was removed due to the dimension of the extruder and the repairing mixture 
chosen in relation to the pothole targeted dimensions described in the DoA (max diameter 20 cm; max depth 
2 cm). However, the printer has an actual 3D configuration, and the vertical axis Z can be restored in future 
larger versions.

• Electronics: to control the operation of the machine.
• Extrusion cochlea: part of the print head that pushes the material and allows it to be extruded.
• Power Cord: electrical power to the 3D printer. This cord will be connected to the autonomous carrier.

Fig. 3. The 3D printer.

Due to the robot dimension constraints, the tank is designed to hold a maximum of 5 kg of asphalt mixture, which 
is enough to fill in 3-4 potholes (2 cm deep and 20 cm large) per mission. When the operation ends, the autonomous 
system returns to its base (a van parked in a safe area) to be manually re-filled.

The printer is managed through the software Pronterface (Pronterface, 2023) whose main screen is shown in Fig. 
4. The upper left panel allows manual movement of the X and Y axes of the printer, as well as returning the printhead 
to the original position of these axes. Using the "Extrude" button (the brown one on the left in Fig.4), the screw 
conveyor can start to extrude the material. The length of the movement can be modified through the "Length" section, 
while the extrusion speed can be adjusted through the "Speed" section. The mixture extrusion speed from the cochlea 
is 6 revolutions per minute.



Salvatore Bruno  et al. / Transportation Research Procedia 90 (2025) 123–129 127

Fig. 4. The main screen of the software “Pronterface”.

4. Mechanical integration 

The final part of the InfraROB project includes incorporating a 3D printer designed for repairing potholes on the 
TMR. 

Due to the position of the printer not centered on the robot's center of gravity, a special equipment was developed 
to balance the weight. A triangular structure consisting of an aluminum bracket and a steel cable was mounted on each 
side of the printer and connected to the robot's tubular brackets (Fig. 5a).

The printer's power supply was connected to the robot's battery (Fig. 5b) and was attached with Velcro to the robot 
so that it could be removed when the robot seals cracks.

Two small support wheels under the aluminum brackets have also been added to prevent the printer from 
overturning. A plastic cable duct was also mounted on the robot to prevent the printer cables from touching the 
pavement during the robot’s movements.

Finally, a plastic tube directed towards the road surface and suitably shaped was connected to the extruder. The 
final objective was the positioning of the extrusion point as close as possible to the pothole to control the pouring of 
the mixture. Fig. 5c shows the final configuration of the integrated system for potholes repair.

Fig. 5. (a) Particular of the front extension of the extruder (b) The rear battery of the carrier powering the printer controller (black box) (c) The 
completed mechanical integration of the printer for repairing small potholes.

A camera to collect photos of the potholes to fill in was mounted on the robot and a novel method to measure the 
pothole volume and shape was implemented as described in the following chapter.

5. Measuring potholes

The method to measure the internal volume of the pothole is described in detail in (Bruno et al., 2023) and is briefly 
summarized here. The innovative approach used a series of overlapping photographs captured through a Raspberry Pi 
camera module (Raspberry Pi Camera Module 3, 2023) mounted on the robot's frame with a clamp, incorporating a 
damper to reduce vibration. The most effective camera position was identified through preliminary tests, establishing 
a height of 1 meter from the road surface and a 45-degree angle from the vertical axis.

The robot utilizes a custom control application that provides a template that guides the robot in image acquisition 
for 3D pothole reconstruction. Assuming the pothole's center as a circle's midpoint, the robot executes a circular 
trajectory around the pothole by inputting a specified radius value (Fig.6b). For detailed 3D modeling of the pothole, 
videos are taken at various radii, ranging between 1.0 and 1.4 meters, encircling the pothole. The robot velocity driving 
to waypoints in automatic mode was 0.4 m/s.
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Fig. 6. (a) The robot with the camera (b) The software with the pre-defined path for taking pictures (c) determining pothole fill volume using 
photogrammetry software

Enough frames are extracted from the video for photogrammetric purposes. In this regard, images were processed 
through the Bentley Context Capture software (ContextCapture - Bentley Systems, 2023) and reconstructed the 3D 
pothole geometry with the aerotriangulation technique. The software task includes manually drawing the boundaries 
of the pothole and calculates the volume. 

This technique entails segmenting the 3D model into a grid comprised of prisms, serving as an approximate 
discretization of the model's volume (Fig. 6c).

6. Software integration

The integration of the software (printer and robot) has been planned to comply with the scheme of the field 
operations shown in Fig.7. Therefore, the van with the robot and the operator arrives on site and is parked in a safe 
area; the closest escort vehicle “covers” the pothole area. The robot is initialised and starts its operations going to the 
first pothole, then to the second one, and finally goes back to the van.

Fig. 7. (a) Scheme of the field operations (b) Relative coordinates of the extruder

7. Conclusions

This paper describes the activities carried out to integrate the 3D printer for pothole repair into the autonomous 
carrier provided by the partner TMR. The mechanical integration of the printer into the autonomous carrier implied 



Salvatore Bruno  et al. / Transportation Research Procedia 90 (2025) 123–129 129

some modifications to allow an extension of the extruder. Due to the position of the printer not centered on the robot's 
center of gravity, a special equipment was studied. A triangular structure consisting of an aluminum bracket and a 
steel cable was mounted on each side of the printer and connected to the robot's tubular brackets.

All the electrical wires were adjusted to allow the maximum excursion of the printer during the filling operation,
and the printer's power supply was connected to the robot's battery. Two small support wheels under the aluminum 
brackets have also been added to prevent the printer from overturning. A plastic cable duct was also mounted on the 
robot to prevent the printer cables from touching the pavement during the robot’s movements.

Finally, the mapping of the pothole internal cavity, even if not foreseen in the Grant Agreement was studied. After 
several tests with scanning devices, a new methodology was developed based on a series of overlapping pictures taken 
by the autonomous carrier. The collected images were then processed through photogrammetric techniques to create 
the pothole 3D model and calculate the volume to be filled. The software integration has been developed by 
considering the planned field operations to be conducted by the autonomous system. The addition of this task to the 
project was necessary to estimate the amount of material to be loaded into the 3D printer tank for two reasons: 1) the 
mixture is effective up to 72 hours, so no more than the necessary material has to be mixed; 2) do not overload the 
robot because of its reduced bearing capacity.

So far, the system has been used to repair potholes on both asphalt and gravel pavements on private roads and car 
parks. Applications on TEN network roads are planned.

The system studied is only a prototype of small dimensions because it was adapted to an existing robot. A larger 
system could be developed in the future.
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