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Abstract Autonomous robotics emerged as a research and development field nearly
forty years ago, but only fifteen years ago, after the DARPA (Defense Advanced
Research Projects Agency of the United States Department of Defense) challenge,
autonomousmobile systems started to be considered as a solution to the transportation
and service problem. This chapter is focused on autonomous (i.e., robotic) vehicles
used as human transportation service from two points of view: on one hand, the
autonomous vehicle that leads to intelligent transportation systems; on the other hand,
autonomous vehicles used for rehabilitation or for enhancing mobility capabilities
of their users. Both perspectives of autonomous systems are linked by the use of
rapid prototyping techniques, aimed at converting a previously commercial product
into a robotic system with a specific transportation usage. This chapter shows, in
particular, two cases: two electric commercial vehicles (one golf cart and one car)
converted into an autonomous robot for transporting people in cities or for executing
specific tasks in sites; and an assistive vehicle (an electric scooter) used by people
with reduced mobility. The design of the different components needed to achieve
such automation is shown in detail herein.

1 Introduction

Transportation systems worldwide are facing challenges from a multidisciplinary
perspective. First, the strong commitment of developed countries to reduce the car-
bon print, such as the case of countries that belong to the European Union, who
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proposed to ban fossil fuelled vehicles by 2035 [1]. Policies such as the previous
one implies that not only governments have to adequate their regulations, but also
society and its consumption habits and the economy, since, for many countries, fos-
sil oil and its derivatives are one of their main commodities [1]. Second, for the
case of ground transportation, specifically, for the transportation of people, vehicles
manufacturing has been growing in the last 70 years, where market preferred its
own transportation directives instead of using public systems [21]. The latter led to
a worldwide vehicle population of approximately 5.5 billion cars, driving in 2019
(without considering cars that were discarded, public transportation, machinery, and
other fuel-based transportation systems). From the previous statement, it is clear that
the reduction of the carbon print in transportation systems, or the ambitious goal of
banning fossil oil as fuel by 2035, will cause an impact in several dimensions of our
way of living and our economic systems.

The constant traffic jams (commonly present in great cities) has motivated the
development of driving tools to aid drivers in finding the shortest paths to reach work
or home, such as Waze, Google Maps, and other internet-based solutions (for further
details, the reader is encouraged to take a look at [3, 13, 18, 27]). Such tools do
not only help drivers in specific routes they are taking, but also the traffic data and
geo-located information collected while using such applications, have allowed an
enormous amount of historical driving data that can be used to statistically model the
traffic in any city and to prevent jams where possible, even if such tools increased the
length of the route. Furthermore, such data also allows to build consumption maps.
When using fossil fuel, a consumption map can be used for estimating the pollution
in a city [2, 20], impacting the real state value and the location of refuel (gas) stations.

Unlike combustion engines, electrically powered motors can be found more and
more often in transportation vehicles. They started in small and green applications
(wheelchairs, golf cars, and mobile robots) and now the market is moving towards
electric cars [12]. In this regard, electric vehicles still have to face one of the most
important challenges when compared to combustion engines: the autonomy of the
batteries. Currently, electric vehicles cannot compete in autonomy with combustion
engines: a fossil fuelled vehicle has an average autonomy of 400km, with four
people—of average weight—inside; whereas an electric commercial car reaches
around 150kmwith a single person inside [14]. Although the latter has been changing
in the last years, it is unlikely to think that combustion engines can be replaced today
by electric ones and that our ways of living would be the same [17]. But electric
cars do have several other capabilities that fuelled cars do not have: the fact that
being electric makes it capable of being fully automated and integrated into the grid:
the car might become an IoT (Internet of Things) device [11]. The latter is one of
the main advantages of electric cars, since an actuator, that transports people, can
be part of the Internet revolution. One of the main drawbacks, as was previously
stated, is the autonomy, and from there, several questions arise: how the cars will be
re-charged? How the energy/power will be managed (not only the motion consumes
electric energy, but also all the auxiliaries, such as air conditioned, lights, radio,
among others)? Where to place charging stations, which technology will be used
(there are currently no regulations on this matter, as there are for fuelled cars [9])?
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Electric vehicles also have an important advantage when compared to vehicles
with combustion engines. The automation of electric vehicles is easier [6, 16]. In a
car with a combustion engine, each element of the driving system (the acceleration
and brake pedals, the wheel, among others) need their own actuator, which is usually
electric-based [16]. In an electric vehicle, the automation of the acceleration can be
directly solved through the vehicle’s own electronics, as shown in [6, 16]. The brake is
usually mechanic (including hydraulic ones) and as the wheels, require of an electric
actuator. The entire automated system with sensors can be integrated into a single
processing unit or even connected into the Cloud for autonomous navigation tasks.
Such is the case of the commercial vehicles available today in several countries, as
the ones provided by Tesla Company [5], or the vehicles developed by Google, Uber,
and others, just to mention a few. It is to be noted that not all the electric vehicles
available today are automated: their automation correspond to the regulations of the
country where it is commercialized and the availability of smart cities or intelligent
transportation facilities, as reported in [8, 11].

Autonomous electric vehicles canbeused for urban transportation (thewell known
autonomous cars [8] or automated trains [26]); for rural applications, there are some
approaches such as the service units developed by [15, 25, 28], where they per-
form a previously given task in mining or agriculture. Additionally, we can find
autonomous vehicles assisting people with some impairment, such as the case of
autonomous (e.g., robotized) wheelchairs [4, 7, 10]. In this chapter, we will focus
on three specific cases: one service unit used for field tasks, one electric autonomous
car, and one automated scooter. The three service units have been used for research
purposes. The approach followed in this work answers the following question: how
rapid prototyping techniques can help in the automation of commercial electric vehi-
cles without interfering with the product delivered by the manufacturer? Therefore,
our aim is to add value without taking value from the commercial product. To this
end, we focus this chapter on the different stages of the automation of the three
mentioned vehicles, where rapid prototyping played a crucial role.

2 The Autonomous Service Unit

As an example of using rapid prototyping techniques when automating a service unit,
we present herein the commercial electric car Cushman Hauler Pro, which was used
for terrain modeling, autonomous navigation, power consumption performance eval-
uation, among other tasks [22–24]. The car was equipped with an onboard computer
Nvidia Jetson TX2 and a set of sensors to measure different data associated with the
vehicle. The sensors installed were an RTK (Real Time Kinematic) device NavCom
SF-3040, a Stereolabs ZED camera, and a voltage and current sensor system for the
batteries. Figure1 summarizes the architecture of the system.
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Fig. 1 System architecture.
The vehicle is equipped with
a ZED camera to obtain
RGB-D data, an RTK for
position and velocity
estimation, and current and
voltage sensors to estimate
energy consumption. All the
sensors connected to a Jetson
TX2 are working on Ubuntu
16.04 under ROS operating
system
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Each sensor was used to measure data from the terrain and the vehicle itself which
was then processed to estimate data on the vehicle-terrain interaction. All devices
were implemented on ROS, or Robot Operating System, which allows to record all
the information sampled with their respective time-stamps. Table1 shows the main
characteristics of each component of the architecture.
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Table 1 Characteristics of the system and sensors

Characteristic Description

Cushman hauler pro

Motor 16.7 kW at peak torque

Electric system 72V DC

Max. speed 23.34Km/h ± 0.80Km/h

Curb weight 669kg

ZED camera

Range From 0.5 to 20m

Resolution 420p, 720p 1080p and 2k

Frame rate Up to 100 fps

Communication USB 3.0 port

Navcom SF-3040

Accuracy RTK Horizontal: 1 cm + 0.5ppm

(<40km) Vertical: 2 cm + 1ppm

Data rate 1Hz, 5Hz and 10Hz

Communication Serial port through USB

Voltage and current sensor

Voltage range From 15 to 80V

Current range From −300 to 300A

Precision 12 bits ADC

Sampling rate 800Hz average

Communication Serial port through USB

Nvidia Jetson TX2

GPU NVIDIA Pascal\textsuperscript{TM}, 256
CUDA cores

CPU HMP Dual Denver 2/2 MB L2 + Quad
ARM\textregistered A57/2 MB L2

Memory 8 GB 128 bit LPDDR4 59.7 GB/s

2.1 Hardware

This section describes more in-depth the hardware involved in the automation of the
service unit.

2.1.1 Jetson TX2

The Jetson TX2 is an embedded platform designed for artificial intelligence (AI)
work in real-time. Two main parts comprise this developer kit, the carrier board and
the processing module itself.
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Fig. 2 3Dmodel of the printed case. a Front view, b top back-side view and c side view of the case

The carrier board includes all the necessary connections and interfaces to allow
the user to develop embedded software in this device. It can be mounted on any
mini-ITX capable case and includes Ethernet, USB 2.0 and 3.0, HDMI, SD card,
and Wi-Fi antenna ports on the backside. During automation of the service unit, we
designed a 3D printed a custom case, Fig. 2 shows different views of the 3D model,
while Fig. 3 shows a picture of the printed case.

The module contains all the processing power, which includes the mentioned
characteristics in Table1. The most important feature is the Nvidia Pascal GPU with
CUDA support which allows this device to be a powerful tool for parallel processing
and deep neural networks.

2.1.2 The RTK

The Real Time Kinematic or RTK used here is the NavCom StarFire SF-3040, which
comprises a base and rover devices. The base was mounted on a static pole, while
the rover was installed on the vehicle. Table1 shows some of the most important
features of this device pair. Figure4 shows the installation of the RTK over on the
vehicle.
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Fig. 3 Jetson TX2 mounted in the front panel of the electric vehicle on a custom 3D printed case.
The case also includes a mounting hole for a tripod head to install a camera in case the vehicle used
is more compact and space for a battery on the side

This device combination allows for sub-metricmeasurements of the position of the
vehicle. We use the localization for three purposes, the first for vehicle localization,
the second for velocity estimation of the vehicle, and lastly to geolocalize each image
of the terrain taken and classified.

2.1.3 Camera

The camera used corresponds to the ZED camera by Stereolabs, a stereo camera
designed for use outdoors. The ZED is a 2k resolution stereo camera designed for
depth sensing and motion tracking. Using binocular vision, the camera allows to
measure objects in a range of 0.5–20m as fast as 100 frames per second, depending
on the resolution used, indoors, and outdoors. Figure4 shows the installation of the
camera on top of the vehicle.

Using the included Software Development Kit or SDK, it is possible to obtain
and save depth information on each of the frames taken in real time. The SDK is
compatible with both the Jetson series of embedded systems of Nvidia andwith ROS.
The SDK for this camera also includes more capabilities, which were not used in this
work, for example, spatial mapping and visual odometry, these features may allow
to improve and expand this work in the future.
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ZED
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Fig. 4 Top view of the service unit’s ceiling with the RTK and the ZED camera installed on it,
using a supporting structure

2.2 Software

This section gives a description of the software environment used for the automation
of the service unit. The focus of this part is on the acquisition and recording of the
data in each experimental test.

The software architecture is divided in three parts: data logging, preprocessing,
and processing. Figure5 shows a diagram that represents each of these divisions.
The following subsections will describe each of the parts, how they work, and their
function.

2.2.1 Data Logging

Data logging of the sensors corresponds to the first part of the system. Schematic 1
in Fig. 5 shows this process. As shown in the figure, each of the sensors is connected
to the main computer which runs ROS.

Each sensor has a Node, or ROS process, associated with it, that allows to save
the data acquired with the sensor in the computer. The main advantage of using this
method is that ROS allows to save each sample with a time-stamp, which also allows
the user to synchronize or later re-run the experiments as required.

The nodes used are:

• nmea_navsat_driver: this node connects through the serial port with the RTK and
publishes over a topic called \ fixwhich contains longitude, latitude and altitude
measured by the RTK system and logged with the time-stamp for each sample.
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Fig. 5 Software architecture used in this work (1) corresponds to data logging, (2) to Preprocessing
of data, and (3) Processing of the data for results. Rounded rectangles correspond to nodes or
ROS packages, light gray rectangles to data. Pointed line square surrounding schematics (1) and
(2) correspond to the main computer running ROS. Dark gray sharped rectangles with outline
correspond to the different hardware used,MATLABsquare is indicatedwith the same color because
it was run in a different computer hardware than the rest of the system

• ZED_wrapper: this is a package that lets the user utilize all of the ZED SDK
capabilities through ROS. It publishes all the necessary data in different topics
(e.g., zed\rgb\image_rect_color publishes the rectified image captured
by the left camera)

• serialsaver: this node captures the information sent by the voltage and current
sensor through serial port, parses it and publishes in a topic called \serial
\sensorser which contains voltage and current measurements.

• depthsaver: this is a secondary node that subscribes to the ZED depth topic and
takes only a segment of the depth information given. After extracting the required
segment, which corresponds to 600 samples within a rectangle of 1200× 200
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pixels centered on the image, amessage is published in the topic\depth\array
in the form of a vector containing all these depth samples.

• Rosbag: this is a ROS package that allows to save all the topics required by the
user in a file with file-type .bag. This file contains all the information published
in the topic and the corresponding time-stamps in a way that it is easy for the user
to repeat the experiments performed or extract information for off-line processing.
Record is the command that allows the user to save the information.

The result of this first stage of the process is a.bag file. Second stage, Preprocessing
the data, is in charge of this data extraction.

2.2.2 Preprocessing

This stage is the shortest and its purpose is to prepare the files containing all the data
to be read and processed in the last stage. Schematic 2 in Fig. 5 shows this process.

The nodes used are:

• Rosbag: this package is used again in this part, though the Play command is used.
This command allows the user to reproduce a .bag file simulating the original
experiment. It is also possible to configure the sampling rate and other parameters
on this replaying.

• bag2csv.py: this is a small script that allows the user to extract each topic in separate
.csv files. The topics that can be extracted in this manner must contain text or
numbers, topics with other types of data (e.g., images) cannot be saved in this
manner.

• imgsaver: this node allows the user to save each image frame from the .bag
file into an image file with .png file-type. It also saves a .csv file with the
time-stamps for each image.

After this second stage of the process, the results are four.csvfiles corresponding
to voltage and current sensor data, localization data, and depth data. It also generates
image files for each frame captured by the camera during the experiment.

2.2.3 Processing

The last stage corresponds to Processing. In this stage, the data obtained from the
previous one is, as the name says, processed.We use the results from each experiment
for further analysis and study, namely estimating models for each terrain measured
and Energy consumption prediction with these models. Schematic 3 in Fig.5 shows
this process.

As can be seen in the figure mentioned, this stage comprises entering the data
extracted in the previous stage to MATLAB and obtaining the final results. Inside
MATLAB, we use several processes to clean, filter, synchronize, and classify all the
data. Figure6 shows a diagram that resumes the processes executed and their order.
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Fig. 6 Diagram of the processes performed inside MATLAB for each experiment

3 The Autonomous Car

An electric car is a vehicle propelled by one or more electric motors, which are
powered by electric energy from batteries housed inside the vehicle.

This type of vehicle has the advantage that its electric motor provides instant
torque, is more efficient than internal combustion engines, does not pollute, and is
much easier to build and maintain than an internal combustion engine.

Although the first electric automobile appeared in the 1880s, due to recent devel-
opments in batteries, (which have made it possible to increase the amount of stored
energy, lower costs and increase the life span of the car), is that electric cars are gain-
ing importance again, slowly succeeding in displacing internal combustion vehicles.

The 100% electric vehicle Renault Twizy, is a small car designed for urban areas,
which started in 2009 as a concept for the Frankfurt Motor Show, and it is mar-
keted since 2012 mainly in European countries, where it has managed to sell more
than 18,000 units accumulated until 2017. Figure7 shows a picture of the electric
car, whereas Table2 summarizes the main mechanical and electrical features of the
Twizzy.

3.1 The Brake

TheTwizy vehicle has a hydraulic braking system,with a single-circuit configuration.
In this type of configuration, there is only a single brake fluid circuit, where the
pressure from the brake pedal is transmitted to the other pistons which actuate the
brake presses. Some vehicles, in order to increase the the robustness of the system
against possible fluid leaks in the brake circuit (which may render the brake system
useless), contain independent brake circuits, which consist of two hydraulic circuits
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Fig. 7 Picture of the electric car Twizzy, by Renault

Table 2 Characteristics of the Twizzy

Characteristic Description

Twizzy, by Renault

Motor Electric, synchronous

Power 20HP

Torque 57Nm

Transmission Reduction, with one march ahead and one
reverse

Max. speed 80Km/h

Autonomy of the battery 100Km

Battery Ion-lithium 6.1kWh

Break Regenerative

Acceleration Electronic, resistive type

Charging 220V/10A
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actuating separately the front and rear brakes. If there is a leak in one of the circuits,
the other continues to function.

One of the important features, present in most electric vehicles (including the
Twizzy), is regenerative braking. Since an electric vehicle uses an electric motor to
convert the energy into kinetic energy, the process of regenerative braking uses the
opposite process. The electricmotor absorbs the vehicle’s kinetic energy and converts
it into electrical energy. This energy can then be stored again in the vehicle’s own
batteries increasing the vehicle’s autonomy. However, there are some limitations to
the use of regenerative braking. One of these is given by the system’s capacity to
absorb the energy it generates. Since the batteries have a charging power limit, if
this limit is exceeded, the batteries could be damaged. This is why part of the energy
it regenerates can be lost. Thus, some vehicles include some type of resistor that
burns the excess energy, or, as in the case of the Twizzy electric vehicle, regenerative
braking is partially disabled, also changing the behavior of the car.

Figure8 shows the original pedals from the Twizzy. When automating the vehicle
one of the constraints was to implement a system such that the brake pedal could be
either actuated or pressed by a driver, we designed the adaptation shown in Fig. 9.
Such adaptation, printed using a 3D printer, was positioned on the top of the pedal
and allowed for the two functions previously mentioned. To govern the brake, we
installed a linear actuator, whose response time—for the actuator at full length—was
less than 0.5 s, which was required by the Chilean traffic regulations.

3.2 The Traction Velocity

As mentioned above, the Renault Twizy electric vehicle has an electric accelerator,
which can be operated directly on the vehicle, without having to couple an electro-
mechanical system as in the case of the brake pedal seen above. Figure10 shows
a lateral, top, and connected view of the acceleration pedal into the vehicle’s bus.
The connection is a set of resistances arrangement which were previously identified.
To be able to govern acceleration, we developed another electronic interface, using
an Arduino Mega platform. Such interface interprets our velocity commands and
converts them into voltage levelswhich are later input into the vehicle’s bus. Figure11
shows a scheme of the interface designed for controlling the acceleration pedal.

Since we are able to command acceleration via the computer, in order to close
the loop and have wheel velocity readings, we installed an encoder at the rear wheel.
Such encoder provides of dead-reckoning estimates of the vehicle and allows us
to implement different control strategies to test the performance of the automated
system, as we did in [19]. Figure12 shows a picture of the encoder placed at the right
rear wheel.
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Fig. 8 Original brake and
acceleration pedals from the
Twizzy

3.2.1 The Heading

In this particular case, we designed a similar gear as the one shown later in this
work, in Sect. 4.3.1, where we printed two gears and adapted one of them to a servo-
motor. The other one was installed on the vehicle’s wheel. The interface to govern
the heading was the same used to govern the brake, shown in Fig. 11.

4 The Autonomous Assistive Vehicle

For implementation of the proposed system and real-world experimentation, a mod-
ified robotic scooter is used, shown in Fig. 13. The scooter is equipped only with
exteroceptive sensors, and does not possess proprioceptive sensors for measuring
velocity, pose, or any internal condition.
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Fig. 9 Adaptation of the brake, using 3D printing

Fig. 10 Different snap-shots of the acceleration pedal and its electronic connection to the vehicle
bus

4.1 Motors and Encoders

The scooter is equipped with a bipolar stepper motor to control linear speed when
in motion. A calibration stage allows a rough mapping of the motor’s position and
the robot’s stationary linear speed. The driver for this motor connects via USB to
the processing unit (in this case, a portable computer). Additionally, an unipolar DC
motor is mounted onto the scooter’s front steering axis via two gears. This allows the
system to automatically control the vehicle’s steering angle from the computer. This
motor counts with an encoder that, after calibration, allows a rough measurement of
the steering angle in real time. The driver also connects to the computer via USB.
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Fig. 11 Interface based on Arduino Mega to connect the computer into the vehicle’s CAN bus, to
thus control the acceleration via programming

4.2 Sensors

The only exteroceptive sensor mounted on the scooter is an Hokuyo laser range
finder,This allows measurement in 240deg, up to 4m from the laser.

4.3 Communication System

In order to communicate the main program (in charge of controlling the vehicle,
monitoring all activity, running mapping and path planning algorithms, among oth-
ers) with the sensors and hardware onboard the scooter, shared memory is used. All
motor drivers are written in C++, and via sharedmemory communicate with themain
program. The same approach is used to read and buffer all laser scans, which can be
read by the main program at any time. The basic architecture is shown in Fig. 14.

4.3.1 Mechatronics Design and Assembling

Using the capabilities of rapid prototyping, the mechatronization of the scooter was
rapidly achieved in terms of functionality and costs. For example, Fig. 15 shows
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Fig. 12 Installation of an
encoder at the rear wheel for
positioning purposes

several snapshots of the gears developed to control the vehicle’s heading. One gear
was designed to be placed at the scooter’s clamp, whereas the other gear was located
at the bottom engine, in charge of controlling the degrees of turning of the system.
Although the accuracy of the movement is mainly given by the bottom engine, the
teeth of the gears had a slight backslash to avoid jamming. As can be seen, both gears
were especially designed for the needs of automation of the scooter.

A few things are worth mentioning about the mechatronized scooter:

• The system is controlled by an Arduino microcontroller connected to a laptop.
• One back wheel, as shown in Fig. 15 (bottom, left) has a potentiometer, acting as
an encoder, for wheel velocity estimation.

• The front chassis has the electronics: a LiDAR, the microcontroller, the batteries,
among others.

• The velocity of the vehicle is controlled via a servo-motor, through a PWM signal
from the microcontroller.

• The gears were designed and printed in our 3D printers, whereas the rest of the
chassis was made of aluminum.

• The entire system was adapted to the scooter without changing the manufacturer’s
specifications.
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Fig. 13 Picture of the
automatized scooter

Fig. 14 Layout of the
communication system Scooter Computer
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4.4 Human–System Interface

Though a robot’s capacity to predict a user’s intention has been addressed as an
important challenge, the user’s capacity to correctly interpret the robot’s actions,
understood as manifestations of intentional states, is equally important for satisfac-
tory and sustainable human–robot interaction. A GUI (graphical user interface) was
designed to provide feedback to the user, in terms of the machine’s interpretation
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Fig. 15 Different snap-shots of the mechatronized scooter

of a given scenario. This feedback comes in the form of a map of the environment
with visual representations of the vehicle’s future state, the current path, possible
destinations, currently preferred areas of navigation, among others. It also displays
messages in the form of text, but this can be improved via automatic voice gen-
eration. In addition, the user may select automatic destinations from the interface
for autonomous or semi-autonomous modes. Despite the importance of an adequate
interface in terms of increasing a user’s trust in the system, as well as reducing frus-
tration due to poor human–robot communication, this was not the main focus of this
research. Additionally, the user can control the vehicle through a joystick in manual
mode and interact with the system in semi-autonomous modes.

4.4.1 General System Architecture

The general system architecture is shown in Fig. 16. The robot uses a laser range
sensor to scan the environment. This data is processed by the localization and map-
ping module to estimate the robot’s location and generate a map for path planning
and displaying information to the user via a GUI. Users receive and use feedback
from the environment and the GUI to generate navigation intentions using a joystick,
which translates into control commands via theControllerModule. Ifmanualmode is
selected, the joystick-generated control command drives the assistive robot directly.
If autonomous navigation is selected (a goal must be set) the Path Planner Module
determines a safe trajectory for the vehicle, which the Controller Module translates
into control commands for each sampling time. In this mode, the joystick plays no
role. Finally, if collaborative control is selected, the joystick not only influences con-
trol directly, but serves as input for the Path Planner Module (assisted autonomous
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Fig. 16 General control scheme implemented on the assistive vehicle to allow autonomous navi-
gation at different modes

mode) or to the Prediction Module (assisted manual mode). These modules inter-
pret the joystick movements so as to aid the user during navigation. Up to three
different control commands (linear speed and steering angle) are generated indepen-
dently, corresponding to manual control (what the user wants), autonomous control
(what the machine wants), and the predictor module (what the machine thinks the
user wants). These three are switched and combined in accordance with the selected
control mode and sent to the motor control unit to act on the vehicle.

4.4.2 Control Modes

Four control modes are available to the user, offering different levels of autonomy.
This can be switched at any time using the GUI available onboard the vehicle.

1. Manual mode: The user has complete control of the vehicle via joystick. No
collision detection systems are available, thus allowing the user to navigate and
push objects if necessary.

2. Assisted manual mode: The user controls the vehicle via joystick, and the pre-
dictor module uses the user’s control command, the estimated pose, and map
information to estimate the future trajectory. If the path is deemed safe, the mode
is indistinguishable from manual mode. If a future collision is detected, the map
information is used to generate a safe path in the direction of the user’s command.

3. Assisted autonomous mode: This mode requires the user to set a destination on
the map offered by the GUI. The robot will navigate autonomously with the
information provided by the path planner and localization and mapping modules.
In particular, Dijkstra’s Algorithm is used to calculate the optimal path to the
goal. The user may use the joystick to take control of the vehicle at any time,
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while simultaneously re-defining transition weights on the Dijkstra nodes, thus
conditioning the autonomous behavior.

4. Autonomousmode: The user sets a destination on themap and the robot navigates
autonomously. The user has no means of intervening in the navigation, other than
stopping the vehicle if necessary. This mode is implemented primarily for testing
and comparison purposes.

5 Concluding Remarks

In this chapter, we have shown three cases where rapid prototyping was used to
develop autonomous robots used for research purposes, but the aim of providing a
service, i.e., to assist a person or a process.

The autonomous service unit consisted of an electric golf car. The rapid proto-
typing techniques were especially focused on solving the sensor placement on the
chassis of the vehicle and to develop a case to contain all the electronic devices.
The main outcomes were that we were able to locate the GNSS antenna, the stereo
camera, and other sensors in a quick yet efficient manner. The system was tested in
the field and the main results were published in [22–24].

The autonomous car is an iconic case study: the electric vehicle Twizzy byRenault
was purchased by the Advanced Center for Electrical and Electronic Engineering,
Federico Santa Maria Technical University, Chile in 2017, and it became the first
electric vehicle fully automated in the country. The rapid prototyping techniques
allowed us to design the piece for the brake pedal: the assembled piece should
allow one person to still press the brake since Chilean regulations do not allow
yet autonomous cars on the streets. Therefore, a person should always be behind
the wheel. The designed piece was installed onto the brake pedal without affecting
the pedal’s functioning. Additionally, the linear actuator used to automate the brake
was selected according to the Chilean response time regulations: the brake should
be pressed at full length in less than 0.5 s. Additionally, we used rapid prototyping
techniques to install the motor that controls the heating system, without modifying
the vehicle as it is delivered from the manufacturer. The scientific results achieved
with the automated Twizzy can be seen here [19].

The assistive vehicle was also automated using rapid prototyping techniques. The
system was specially designed to enhance the mobility capabilities of the users.
The main challenge was the designing of the gear system to control the clamp. The
electronics were placed at the front of the vehicle and the powering was external
to the vehicle’s own batteries. The main outcomes of this system were published in
[10]. In particular, an extensive human–machine study was conducted to validate the
usability of the four navigation strategies programmed in the vehicle.

It is worth noticing that all the vehicles or systems presented herein are electric-
based. Unlike combustion engines, electric motors allow for a quick electronic or
electric modification or assembling, there are almost no vibrations (less dynamic
complexities) and the vehicle can be later programmed. From an electric basis of the
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vehicle, the electronics are designed to read its sensors and control its actuators. Later,
a control strategy is implemented on a programmed board (such as a microcontroller
or even a computer). Finally, a navigation strategy is developed. Such a strategy
might be integrated into the cloud, making the vehicle one more device of IoT
(Internet of Things), which is the current trend as was detailed in the introduction.
When working with combustion engines, the challenge is even bigger (reaching an
electronic basis for developing autonomous behavior requires further development
and often changes in the chassis). But current carbon prints regulations are making
such engines obsolete.
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