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Sammanfattning

Forskning inom reglerteknik och fordonsstyrning har gett lastbilar och andra tunga fordon méjlighet anvanda adaptiv
farthallning till att kora med ett litet mellanrum och bilda vagkolonner. De kan da utnyttja vindsuget fran fordonet framfor
och pa sa vis sénka bransleférbrukningen. En central utmaning i skapandet av dessa kolonner ar att fordonen inte har
gemensamma startpunkter och destinationer. De delar i de flesta fall endast stycken av sin rutt med andra fordon, och turerna
behéver da sammanfalla i tid. Denna studie anvinder deltagande designmetodik for att designa ett interaktivt
visualiseringsverktyg som kan hjalpa forskare att studera skapandet av lastbilskolonner i simulerade scenarion. Tre
transportforskare deltog i intervjuer och tva cykler av workshops for att synliggora och formulera arbetsuppgifter som kunde
forbattra deras forstaelse av simulationerna. Den primira deltagande design-fragan var “nér bildas kolonner och hur stora
ar de?” For att forankra och driva diskussionen kring designen framat utvecklades en prototyp som viderutvecklades efter
varje deltagande designcykel. Interfacet i den resulterande prototypen och bestér av fyra paneler: 1) en geografisk panel som
innehéller en kartvy; 2) en panel med tidslinjer for bade fokus och kontext; 3) en anpassningspanel med detaljer pa fordonens
relationer; och 4) en filtreringspanel med ett parallellt koordinatsystem. Resultatet av studien indikerar ett behov ett flexibel
visuellt analysverktyg som tillater forskare att studera hur fordonen paverkas av forandringar i resplaner och vilken
anpassning som kréavs for att mota upp andra fordon for kolonnbildning.
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ABSTRACT

Research in automatic control has enabled trucks to use
adaptive cruise control to drive very close to each other and
form platoons. This reduces drag and improves efficiency
by lowering fuel consumption. A central challenge to
understanding the formation of these platoons is that not
all trucks are emerging from the same origin or reaching
the same destination; they only share parts of their joint
trip. This study uses participatory design methodologies to
create a design for an interactive visualization system to
enable researchers to study the formation of platoons in
simulated scenarios. Three transport researchers
participated in interviews and a set of two workshops to
establish their needs and formulate tasks that would
improve their understanding of the simulations. The main
research-through-design question was “when do platoons
form and how large are they?” To forward and ground the
discussion, I developed a prototype with increasing fidelity
after each round of participatory design. The interface
consists four panels: 1) a spatial panel that contains a map
view; 2) a temporal panel with context and focus timelines:
3) an adaptation panel with details on inter-truck
relationships; and 4) a filtering panel with a parallel
coordinate system. The results indicate a need for a flexible
interactive visualization system that enables researchers to
study how trucks are affected by plan recalculations and
how they adapt to their partners influencing the costs and
benefits of platooning.
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1 INTRODUCTION

In efforts to reduce the carbon emissions of road transports
extensive research currently explores the concept of heavy
duty vehicle platooning [1]. Platooning happens when
trucks equipped with special control systems coordinate to
travel close together so that a slipstream effect is achieved
and drag is reduced, saving fuel in the process. The

slipstream effect can be achieved to an extent without
assisting control systems but only when trucks happen to
be on the same route at the same time. To do platooning in
a safe and effective way, however, the longitudinal controls
must be matched between vehicles using adaptive cruise
control and a coordination system that can maximize the
favorable platooning conditions.

The way the area is being researched now is through a
number different projects [2][3][4][5] that either simulate
plausible large-scale platooning scenarios or perform real
world tests in a small scale. The small-scale tests evaluate
the practical aspects control systems involved in locking
the longitudinal controls of the trucks and have little to no
focus on the coordinating with other trucks. This project
focuses on the large scale, the macro perspective, and will
use a data from a platooning simulation developed within
another master’s thesis. The calculations for optimal
platooning planning is being recalculated at given intervals
during the simulation, a feature that sets this simulation
apart from other existing ones. However, no tools exist that
allows researchers to look into the generated data and learn
about the dynamics of the system.
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Figure 1. Slipstream effect.

1.1 The simulation

The data supplied for this project comes from a simulation
developed as a part of a master’s thesis by Ihrén at KTH [6].
Routes for the trucks in the simulation are randomly
generated using Open Street Map for road information [7].
The specified number of trucks are given route information,
a start time, and a deadline. The simulation takes the truck
dataset as input combined with what clustering method to
use for calculating platoons, and information on how the
recalculation functionality should behave. Additionally,
one can set the look-ahead horizon that includes trucks that



has not yet started in the planning process. In Ihrén’s work
there is a detailed description of the data generated by
different sets of parameters. For this project the parameters
were set to the following: total amount of trucks: 1000;
simulation time: 48 hours; clustering method was set to
Sub-Modularity Clustering. The data set provides a good
balance of platooning instances, solo trucks, and
geographic spread. The Submodular clustering method is
based on the work of N. Buchbinder et al. [8] and is a
solution to the “Unconstrained Submodular Maximization”
(USM) problem. The other clustering methods available are
Greedy and Random and they all provide a set of
coordination leaders from which plans for the trucks can be
generated. The characteristics of these plans will differ
from each other depending on the chosen clustering
method. The data generated in the simulation is exported
in a JSON file that contains the truck objects, these includes
a detailed plan and speed history, truck ids and route
information. What the simulation does that is not explored
in previous research is handle new assignments at regular
intervals, effectively recalculating all of the platooning
plans while running the simulation. This enables the
system more closely mimic a real-world application where
plans would be added to a continually running planning
application. When the plans are recalculated trucks that
have more suitable platooning options will abandon their
current plan and either start adapting to the new partner or
continue solo if that is the case. The frequency of the
recalculations can be adapted as seen fit, depending on
calculation time of the new plans, and whether it presents
an increase in fuel efficiency.

1.2 Information Visualization

Information Visualization is defined by Card et al. [9] as
“The use of computer-supported, interactive, visual
representations of abstract data to amplify cognition.”
Vision is our most dominant sense and it enables us to take
in great amounts of information. By using the visual
medium, we can use the full capacity of our senses to make
sense this information in less time and less strain on the
user. By making the visualization interactive information
can be layered and unpacked to avoid overloading the user
with all information at the same time or potentially making
it unintelligible due to clutter. The information
visualization mantra “Overview first, filter and zoom,
then details-on-demand’, as defined by Ben Shneiderman
[10], serves as guidance in how to structure high level tasks
of information visualization systems. The user should be
able to get a grasp of the whole dataset easily, then be able
to filter out data that is of interest or zoom in on parts of
the data, and finally be able to get as much detail as possible
on request to enable analysis.

1.3 Visualizing Spatio-temporal information

Research on visualizing spatio-temporal data is a large area
in visualization. It is a broad term which includes almost all
types of activities on maps, such as traffic systems. There
are a number of different approaches [11]{12][13] to
visualizing this type of data which all tend to share the
common issue of containing too many dimensions to be
adequately represented all at once. Even using techniques
such as color, size of items, labels, texture, and so on there
always has to be some prioritization in what data to show
when and why. Some approaches [14] expand into the third
dimension and use the z-dimension for adding additional
data dimension. The price for these approaches tend to be
the issue of occlusions, when data gets denser it is hard to
avoid cases where some data renders other data point

intelligible.

1.4 Visualizing traffic systems

Traffic visualization can generally be used for simplifying
complex and monotonous statistical data providing
beneficial information to users. When the datasets become
large there should be care taken to avoid overcrowding and
occlusion within the visualization using heat maps or other
aggregate methods. Many works on traffic systems
visualizations [15][16] focus on topics such as congestion,
throughput, vehicle speed, etc. Approaches include a map
view in combination with a color indicator for aggregate
vehicle information at specific routes or areas. For
situations that have cyclic patterns, such as rush hours, a
spiral plot is utilized to show similar data but laid out in a
way that enables the user to see reoccurring patterns.

TripVista [17] is an interactive visualization system that
employs a triple view interface for studying traffic
behavior. What sets it apart from a lot of other works in
transportation research is its focus on the microscopic
traffic patterns and behaviors instead of the macro aspects.
It allows the user to find patterns and abnormalities within
data sets to fully understand complex situations. The
interface is divided into three main panels. The spatial view
displays vehicle trajectories overlaid on a map with a set of
different display and selection options for pattern
explorations. The second panel displays the temporal
aspects using what the researchers call “TimeRiver”. It
consists of a multitude of scatterplots and graphs, with
glyphs for directional information and time as the
horizontal axis. Additionally, the interface has a third panel
with a parallel coordinate system for multidimensional
visualization of the trajectory data. The panels are closely
linked interactively through brushing. This approach offers
a lot of potential for user exploration and pattern finding,
both regular and abnormal.



2 RESEARCH QUESTION

What are the main graphical and interactive
affordances and limitations for designing a visual
analytics system that supports transport researchers
in understanding their simulation data for the task of
studying the coordinated formation of heavy-duty
vehicle platoons, in particular, for the task of
determining when platoons form and how large they
should be as constructed through participatory design
and evaluation methods?

We use the definition for visual analytics from Wong and
Thomas which states that the system focuses on user tasks
of analytical reasoning facilitated by interactive visual
interfaces [18].

3 METHOD

3.1 Participatory design methodology

A participatory design methodology was chosen for this
work [19] since the area of truck platooning is new and
unexplored. Regular interactive systems design and
development would be more suited to an existing domain
or system and analyze the user’s tasks, build an interactive
visualization, and then evaluating with the old solution as
a base line. Since there are no clearly defined use cases or
demands the project is of a very exploratory nature. The
domain of platooning by way of visualization needs to be
formalized and the needs of the researchers brought
forward to serve as basis for the design. This means
discovering what data is of relevance for what types of
tasks, answering what types of questions. Participatory
design fits this purpose very well and the workshop
structure can be molded in a way to extract the relevant
insights at different stages in the project. Evaluating novel
visualization systems has an issue in that the wanted
outcome is in the form of discoveries, i.e. finding new
patterns, understanding relations, etc. These qualities tend
to take a long time of use before they manifest [20] and with
the time frame available in this project one cannot expect
to make such findings. The evaluation of usability can be
regarded as separate and should be done using usability
heuristics [21] that follow strict checklists.

In this project an introductory interview and two
workshops were carried out. The data from these served as
the basis in designing and developing the interactive
prototype. Development was carried out after each of the
two workshops.

3.2 Interview

As a first step in the work with constructing workshops an
interview was held with the project leader. The main focus
was to extract a set of tasks that could be thought of as
central to most question one is likely to have when

studying the simulation. This interview also served as a
means for me to get any details straightened out about the
concepts involved in the platooning research. During this
interview I asked what some of the tasks are involved in
studying platooning simulations and what tools are
currently used.

3.3 Description of workshop 1

Workshop number one engaged two users, it took place in
a conference room at the department of Automatic control
and lasted for three hours. The two users were both
researchers in truck platooning and had good
understanding of the concepts involved and what insights
they were looking to find.

The workshop consisted of three parts, the first of which
was an information visualization introduction. Here the
core concepts of infovis were discussed to get the
participants who normally work on control systems into
the realm of interactive visual systems and what tools we
have at our disposal to address the tasks later discussed.

Activity number two was a card sorting and grouping
exercise. Here the participants were given a stack of
randomly sorted cards that contained different data points
from simulations, inter-truck relationship descriptions,
filtering options, etc. They were asked to sort and group
them in any way they deemed fitting and to think aloud
during the process. Their reasoning and prioritization
served as a means of highlighting what dimensions were
relevant to work with and what data should go together. I
documented the process by photographs, direct observation
and note taking, and recorded a short video after the
process was complete to paraphrase the participants in
their explanation of their design and to receive their
confirmation of my understanding.

The last activity was an interface sketching/mock-up
exercise. The participants were given sketching material
(an assortment of pens, paper, printed out maps, scissors,
colored stickers, etc.). They were asked to individually
sketch out a visual idea about the different steps that they
thought could help them in answering the main question of
platoon forming. The different sketches were then
synthesized together in a group discussion to select the best
ideas from each participant into one coherent interface
idea. This resulting sketch and the related discussion then
served as the informant of design of the interactive
prototype (see Figure 6) developed after the first workshop.
I documented this process primarily through photographs
which I later reviewed for the design of the interface.

3.4 Description of workshop 2

Between the first and second workshop I implement the
resulting prototype design from workshop 1. I discuss the
design in the results section. The goal of workshop 2 was
to extract any new insights that might surface from



operating the prototype and formalizing it into implications
for design.

Workshop number two added an additional participant
who was familiar with the tool but had not used it before.
He was also a platooning researcher from the control
systems department. Similar to the previous workshop, this
workshop consisted of three parts. The first part was a
recap of the previous workshop where the prototype was
shown in its then current state. The different features were
explained, for example how common colors and axes were
arranged. During this stage, the participants discussed the
insights from workshop 1 and how they had informed the
design.

The second part of the session consisted of a set of tasks
that the users were asked to complete. While using the
prototype they were asked to think aloud for a way for me
to understand how they went about solving the tasks.

Following this was a discussion on what functionality
was needed in order to gain deeper insight into the data.
With the prototype as a springboard for new ideas, the
participants discussed what lies at the heart of inquiry in
their research and how to focus on that. This workshop had
less focus on low-level visual components compared to
workshop 1, so the insights from the discussion were in the
form of data points and truck platooning relations, a higher
level of analytical thinking.

3.5 Prototype development

After each workshop the design of the interactive system
was realized in the form of a web-based prototype of
increasing fidelity. It was used as a tool to evaluate the
ongoing design process and to inspire the participants
during the second workshop and give their discussion a
tangible ground. As the prototype was developed in a rapid
process with an ever-changing design specification it is not
to be regarded as a finished product, rather as an example
of what a system that satisfies the needs of the users could

look like.

4 RESULTS

4.1 Results of the interview

From the initial interview with the project owner it became
apparent that the goal of the project was not clearly
formulated. The interview clarified the overhanging large-
scale questions that a user would be interested in
researching by using an interactive visualization system.
The discussion can be summarized in a set of questions
which inspired further ideas for tasks that could be relevant
for a potential user. The main questions Q1, Q2, and Q3
with relevant sub-questions are listed below.
¢ Q1: When do platoons form and how big are they?
¢ For how long does the platoon hold?
e What plans tend to form platoons?

e Can we find the mapping between the input
(individual truck planning) and output (platoon
formation and plan adaptation) of the simulation?

e What are the regional differences?

¢ Q2: How much does the recalculations of platooning
plans differ from the default assignment plans?

e How would the recalculations appear from the
perspective of the driver?

e How does it differ in terms of fuel consumption,
speed, arrival time etc.?

e 3: Does the system behave as expected?

e Are there situations where platoons should occur,
but they do not? Can we see why?

¢ Can we find anomalies in the data?

The synthesized and clear list of questions was
perceived already as a contribution by the participants.
What became apparent during this phase is that the domain
is not yet explored in a way that enables the design process
to ground itself in existing practices and tasks. The first
steps need to formalize the needs and explorative interests
of the researchers to enable discoveries within the data.

5.2 Results of workshop 1

The planning for Workshop 1 was based on the results from
Interview 1, as well as Participatory design activity ideas
from Mozilla [22]. There were two main difficulties in
planning this workshop: 1) Estimating time required for
different tasks is hard when one is dealing with open ended
questions and there is creative work involved; 2) Preparing
material that was unbiased or neutral enough so to not lead
the participants into any preconceived ideas that I might
have of what the results could look like.

5.2.1 Card sorting

The card sorting exercise served its purpose of filtering out
relevant data and also make the perceived relationships
between these data points clearer. The cards supplied
where sorted through a combined effort by both
participants where one would tend to read out what the
card said and how they felt it fit in with what had
previously come up. When a card was picked out it was
either put into an existing category as seemed fitting, put
in an empty spot on the table to form a new category, or
left as unsorted to await other cards to get processed that
would create a context for it. By the end of the exercise a
number of categorical groups had formed.
The groups formed are described in detail:

1. The platoon information category. It includes
the notes Platoon size, what trucks are in
platoon, When truck joins/leaves platoon,
Platoon times, Traffic density (Amount of
traffic on this route), and Typical platoon
routes. This category was deemed the most



important in the prioritization among the
different groups.

2. Truck information. This category deals with
the detailed truck information with data points
such as truck position at time, what platoons
the truck has been in, how it has adapted to join
them by way of speed change, and how much
difference there is between the default plan and
adapted plans.

3. Related to truck information, or what could be
seen as a sub-category of it, is the Likeness to
other trucks category. So, any information on
for example similar routes as other trucks,
similar start- or end times, or route length can
be of great importance in finding patterns in
the data and help answer the formulated
questions.

4. Lastly the filter options formed a separate
category. Allowing the user to filter on start
and arrival times, zoom levels in a map view,
and filter out sections of the timeline all fit with
the demands the user has.

4.2.2 Interface sketching

The participants individual sketches bore some
resemblance but took different approaches to solving the
problem. One was more visually driven and focused on map
information while the other explored different way of
abstracting the truck relationships and adaptation.

Main features of Participant 1’s sketches as seen in
Figure 2 were:

1. A timeline which can be filtered from to show
an interval in time.

2. A map view where all trucks that are active
during the specified time interval has their
paths drawn. Trucks that platoon should show
up with additional information on their status.

3. An aggregate view that shows most common
truck routes and platooning patterns by use of
color or thickness of lines.

4. A detailed view that shows how trucks have
interacted with each other. This includes
platooning phases such as merging or
switching leaders, or adaptations to join new
platoons. The visual elements here were very
loose since the visual structure that would
supply this was too complicated to come up
with just a few minutes to work with.

Figure 2. The sketch by participant 1 with the major
features as described in 4.2.2

Participant 2’s sketches were different in that they did
not form a whole interface, rather they described a per view
functionality that could be combined with other views, see
Figure 3. The main ideas were:

1. A waterfall-like display of all trucks sorted by
their start time and represented by a line as
long as their travel time. Relationships between
trucks active at the same time could be
highlighted in some way or connected by lines.

2. A focus view of the above idea where the
platooning relationships are drawn out using
lines. This could show for example what truck
is acting as the leader and how other trucks
adapt to it. Limitations might include
quantizing adaptation without disturbing the
order of trucks drawn out.

3. A detail map view with truck routes drawn out.
Where the trucks have engaged in platooning
there is a stroke of color to indicate status.
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Figure 3. One of the sketches produced by participant 2.

After the individual sketching we synthesized the ideas
into an interface mockup seen in Figure 4 that would
inform the prototype development. We all agreed that the
map and timeline view should be the first priority as it
satisfies the idea that we want to have an overview of all
the data first, in this case all the trucks’ routes over the
whole timeline and then start our inquiry from there. The
timeline was enhanced by giving it an aggregate overlay of
the number of active trucks at any time step. The detail
interaction panel described by both participants was given
considerations. A variation on the XKCD Narrative chart
[23] idea for showing truck groupings was might solve the
issue. However, it was left for the second workshop session
to figure out the details due to time constraints. The more
abstract ideas were left out at this point, but the
participants were asked to consider them and how they
could be realized until the next session.

4.3 Results of workshop 2

I had initially planned for there to be more of a strict
separation between the planned tasks but as the session
played out it turned into more of a semi-structured
discussion. The three-section breakdown is still valid from
a results perspective and I will describe what insights were
generated from each section.

Figure 4. The resulting interface sketch after result
synthesis.

4.3.1 Prototype Walkthrough

There was a number of spontaneous reactions from the first
demonstration of the prototype. Some usability issues were
discovered quickly, for example one would like to be able
to hover over the circle representing the truck to show all
its related trucks, instead hovering over only the path of the
truck route. The circle has a position in time whereas the
route is on/off as long as the start and end times fall inside
the selected time interval. Getting to see the prototype for
the first time provided the participants with a new
perspective on the data and it was apparent that the ideas
of use cases and tasks started to develop more fully.

4.3.2 User think aloud and discussion

Once the main features and interactions of the prototype
had been introduced I asked one of the participants to take
control and try to complete tasks supplied by me. The focus
of the tasks was to highlight any further usability issues,
demonstrate what features of the prototype worked as
intended and in what areas the prototype struggled to
supply a satisfactory answer. I thought I had planned the
tasks well, however, I had difficulties in keeping the users
to doing my specified tasks. Reasons for this as I could tell
was either a) the prototype had too much of the required
functionality missing to complete the task or b) the users
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Figure 6. Final prototype interface with a map, platooning detail panel, time line display, and

a filtering panel.

were too aware of the functionality and limitations of the
prototype that they did not need to try it to know how it
played out and would rather skip directly to proposing a
solution that would solve the problem. In spite of the
session not playing out how I had originally intended it
there were lots of opportunity for data collection during the
discussions that sparked from having the prototype
available and seeing what data it was able to display. The
way that the participants are used to seeing the data of their
simulations tend to be more statistical in nature, or they
gain insight through manually going through output files.
Now they could play back scenarios in real time with
spatial representation. So, although the prototype may
have underperformed in regard to the research questions at
this stage, it was a valuable session to build upon it further.
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Figure 5. Detailed graph showing truck adaptation and
platooning status.

4.3.3 Data synthesis

After the workshop I collected notes from the workshop
and categorized the subjects brought up during discussions.
From this list of areas, I worked out a feature list for the
prototype. This list included both items that needed
adjustment to fit the user needs and also new features that
served as a means of addressing the subjects in the
workshop. Here there was some overlap in what was
discussed in Workshop 1 and 2, the reason being that the
prototype failed to address every aspect of the workshop 1
design ideas. However, since the same demands surfaced
again from another workshop I regard it as reinforcing the
need for that functionality, listed below.

1. Show more detailed data on selected trucks,
start/end time, start/end location, travel time,
etc.

Expand on the related trucks aspects. As of now
related trucks is only trucks that the selected
truck has had platooning plans with at any
point. But there could be value in seeing what
trucks the related trucks have platooned with
in turn i.e. second or third order partner.

Find a way to show how platooning trucks
adapt to each other. What fuel costs are
involved, how long does it take to merge, etc.
Figure 5 is a sketch of the design that
communicates this.

Give the user the ability to filter out trucks on
certain parameters. This could help when
studying a certain type of truck by minimizing
clutter by irrelevant information.



5. Allow for more insight into what options trucks
have when generating the new platooning
plans. How are surrounding trucks evaluated
with the algorithm and why does it choose the
plan that it chooses. The data needed for this is
not available in the data exported from the
simulation and modifying it would require
more time than is available in this project.

4.4 Final prototype

The final prototype is a web-based application built with
HTMLS5, CSS, JavaScript, and D3.js. Being web based it can
run on practically any modern computer system. The app
takes as input a set of files that contain the simulation data
and geographic information on Sweden. The interface
(Figure 6) is divided into four panels: A) the map panel; B)
the timeline panel; C) the adaptation panel; and D) the
filtering panel.

4.4.1 Map panel

The map panel (A) displays the spatial dimension and gives
the user an overview of the geographic positions visited by
trucks during their trips. Each trip is represented with a
grey line that has an amount of transparency. When several
trucks share the same route, their combined trips saturate
the line and by doing so indicate a higher throughput to the
user. If the user has filtered out a certain interval in time
only the trucks active within that period show up on the
map. Each truck path also indicates the platooning status
during the trip by overlaying colored strokes at the
appropriate locations, orange for merging and green for
platooning. This aids the user in discerning with a glance
what type of trip a specific truck has taken. A grey circle is
used to represent the truck position when the timeline is
scrubbed. This circle also changes color and size depending
on platooning status, orange and medium sized when
merging and green and large when platooning. Hovering
over a truck highlights its and its associated platooning
partners’ routes. By doing so the shared routes become
easily discernible. When selecting a truck by clicking it the
highlighting is locked. Selected trucks and their platooning
partners show up in the adaptation panel and are if the user
scrubs the timeline only these trucks show up on the map.

4.4.2 Timeline panel

The timeline (B) shows the temporal dimension of the data
and is where a lot of initial exploration takes place. The
timeline shows a graph of the amount of trucks that are
active at any given time and also the ratio of solo, merging,
and platooning trucks. The timeline has two components, a
focus view which show a zoomed in detail of the graph for
the selected period of time, and a context view which shows
the whole timeline with a moving window that adapts to
the focus selection. When the user hovers over the timeline
a dotted line appears that follows the position of the mouse.

When the dotted line is active the position of trucks shows
up in the map panel. By scrubbing along the timeline, the
trucks on the map move accordingly and the simulated
scenario can be played out as needed. The dotted line can
be locked by clicking the focus view at the desired location.
This locks the time and the map can then be explored at a
specific time stamp. Clicking the timeline again unlocks the
line and the user can continue scrubbing.

4.4.3 Adaptation panel

In the adaptation panel (C) the inter-truck relationship is in
focus. How do the trucks adapt to each other to form
platoons? A truck travelling at the default speed of 80 km/h
will draw a horizontal line. This indicates that the truck is
following its default plan and not adapting to another truck
at that moment. When the truck has an adapted plan and
starts adapting to another truck in order to platoon that will
change the truck’s speed. Either it slows down to wait for
another truck to catch up or speed up to join a truck further
up ahead. Speeds above the default speed will create a line
with an inclination and below the default will create a
sloping line. The angle of the line is determined by the time
of the plan and the speed difference. Since speed is linearly
connected to fuel consumption in the simulation the lines
give a reading on the fuel consumed. When a set of trucks
join into a platoon they will meet on the y-axis and be
highlighted with a green box to indicate status.

4.4.4 Parallel coordinate panel

A parallel coordinate system (D) allows the user to show
and hide data with particular characteristics. When a
selection is made in the parallel coordinates the map view
adapts to only show the selected trucks. By hiding data that
is irrelevant to the task at hand clutter is reduced. By
making selections on specific characteristics, the user can
also explore and find patterns in the dataset and make
discoveries by observing how the data is correlated. The
filtering affects all the other panels to allow for deep
analysis. One can create both simple and advanced
selections using this system by making selection from
several dimensions. For example, only display trucks that
have a short travel time but platooned for more than X% of
their trip or display trucks that have multiple plans to
merge but never do. These selections can become as narrow
or broad as is needed to support any task.

4.5 User tasks

Following is a number of tasks that the user can perform in
order to satisfy the questions discussed during the
workshops.

1. What trucks platoon with what other trucks?
Using highlighting of paths, the user can easily see
what trucks are related and what paths they have
taken. Here a lot of “bad” behavior can be
identified, an example being trucks that spend



relatively long time adapting to each when their
paths are only shared for a fraction of the trip. In
cases like these the algorithm might not be
behaving in a desirable manner since the total
adaptation cost never can be regained through the
little platooning that is possible.

2. What costs are involved in platooning
adaptations? By selecting a truck from the map
view the adaptation panel offers a number of tools
for deeper insight. Using a line that is horizontal
at default speed over time slopes in the graph
indicates sections of adaptations. Ascending
meaning higher speed and vice versa. Adaptation
is a difference in speed which is directly linked to
fuel consumption, so a truck that is going slowly
is always using less fuel. Combining these two
metrics allows for efficiency in displaying the data
and using color to reinforce the values gives the
user great insight at a glance. With more detailed
information available as for plan time, total fuel
coefficient, speed etc. available on mouse over.

3. What are the solo/merge/platoon distributions for
plausible scenarios (number of trucks, simulation
time, clustering algorithm etc.)? Seeing this ratio
gives the researcher a direct indication whether
the system is behaving expected or if there are any
irregularities in the data. It serves as another
means of establishing context and a reference to
how the relations change throughout the
simulation duration.

4.  What are the geographic differences in platooning
opportunity? Showing aggregate platooning
indicators for a selected time filter gives the user a
very clear picture of what roads are being used and
to what extent trucks are platooning.

This list of tasks is not exhaustive but gives an idea of
what a user could want to explore within the system. It can
then be revised and expanded upon using new insights and
serve as new input in the iterative design process.

4.6 Usability issues

The prototype, despite it being developed with usability in
mind, has some issues that have not been addressed during
development due to time constraints. The known usability
issues are;

1. The intended design for showing aggregate
platooning routes was not implemented in the
final prototype so paths and platoon status
highlighting have occlusion issues. Using route
information tied to a road network would allow
for improved aggregate calculations and solve
some of these problems.

2. There is no reset functionality or undo features
implemented for filtering and selections.

3. Explanations of features not readily available to
the user in the interface.

In the case that the design proposed in this paper is
worked on further these issues should be addressed and are
to be regarded as parts of the design despite not being
present in the prototype.

5 DISCUSSIONS

5.1 Domain concretization — Data to tasks

The discussion on what data from the simulation is relevant
and the suggested questions of inquiry that were created
during the participatory design process form the basis for
the results. From the questions specific tasks can be
extrapolated that can guide the user to understanding of the
complex platooning systems. By allowing the user to
systematically explore and study the simulated data
through the means given by the design proposed here
allows them to start to categorize and formalize the goings-
on within the system. By doing so researchers can shape
new vocabulary around the concepts involved and start to
form taxonomies of trucks. Just like categorizing new
species by different traits trucks could exhibit similar
similarities and differences to one another. Plausible future
scenarios in practice could include transportation industry
stakeholders to ask, “What impact would platooning have
on our business?” Knowing regular departure locations,
time of day, and common routes one could with
understanding gained from a tool like this build intuition
on what kind of platooning behavior could be expected in
that situation. Continuing the iterative process described in
this report would result in a more capable design, there are
a number of considerations that were brought forth during
the interviews and workshops that could add to the
visualization but were not ready to be implemented at this
stage in the process.

5.2 The design

The design and artifact generated from this study in the
form an interactive prototype is a central part of the result.
By studying the design, one can draw insight from the ideas
within and extend upon it. Extending upon it can take
different forms depending on several different factors. This
design is specific to this domain and to the demands of
these particular users. Inviting users from other domains
such as the transportation industry would shape the design
in other ways. The narrow domain of control systems
researchers was chosen in order to focus the design and to
make an as complete model as possible for that specific use
case. However, many of the insights gained from that group
might carry over into others that have similar demands on
a tool like this. So, the extensibility of the design is
dependent on knowledge of the process that it was derived



from so that decisions regarding the design have
grounding.

5.3 Graphical and interactive affordances

The map view is essential in supplying the user with
information on truck routes. Mouse over on trucks to see
enhanced view with highlighted route and related trucks
form a solid basis for exploring the data set. Using colored
indicators for aggregate data along routes is to indicate
platooning is a common tool in traffic systems
visualizations and gives the general state of the data at a
glance. Commonly used interactions such as panning,
zooming are well established interactions that invite the
user to explore spatial qualities within the data on any
detail level. In this study the map focuses on supplying
positions, routes and platooning status which are of
outmost interest of the researchers but affords expansion
into additional data. Any attribute could have an impact on
platooning conditions, especially as the technology moves
into real world implementations. Weather conditions, road
accidents, construction work, etc. can all have different
effects on platooning characteristics. As the amount and
diversity of data that is overlayed in the map view increases
care must be taken to allow for efficient filtering and
customization of data displayed. Other views should be
considered to serve as a complement in many situations to
avoid clutter.

A timeline that spans the total simulation time gives a
good overview of the progress of the scenario. Setting the
range through clicking and dragging helps the user narrow
down the focus and zoom in on interesting behavior they
might find in the dataset. By allowing the mouse movement
to scrub through the timeline and update they map view
the whole scenario can be played back at the user’s leisure
to either a) study a certain partition of time in detail or b)
get a feel for how the clustering and inter-truck
relationships develop over time. Time series information
has a suitable context to be displayed here. In the design a
stacked graph of truck platooning states is shown but with
user customization this could be expanded upon with
metrics such as variations in fuel consumption.

The filtering options offers a way to sort trucks out
trucks with particular characteristics. It is an important
interactive tool and serves a central part in the information
visualization mantra by allowing the user to filter out data
that is not of interest. Choosing what data to allow filtering
on is not trivial and should be made customizable by the
user. As with the timeline, the user gets immediate
feedback through the other views of their selection’s
characteristics. Emerging correlations in the data may be
found through the parallel coordinate system.

The ascending/descending adaptation paths to
differentiate between default plan cruising and changes in
truck speed creates an easy to read diagram of what
adaptations are required by the selected trucks. The amount
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of adaptation that a truck has to perform is displayed as
distance adapted over a time period, so it is a very graspable
metric. Also, the total adaptation that takes place from
truck start to platoon instance as well as the relative
adaptation between trucks that platoon is easily read from
the graph. The adaptation dynamic between the trucks is
clear from this display and helps the user understand how
the trucks adapt to one another.

Consistent use of color connects relevant data
throughout the interface across the different panels. This
provides connection between related data that has a low
cognitive load. Green for example indicates that a truck has
merged into a platoon. Otherwise the color palette is rather
sparse to not strain the user’s attention with a noisy
interface.

5.3.1 Limitations

There are a number of limitations present in each of the
visual representations present in the design.

The map representation, the main spatial representation
of the design but can quickly be overloaded. Giving the user
the options of controlling information presentation
through layering or other methods should be explored.

The order of the dimensions in the parallel coordinated
system can impact the ability to observe relationships and
correlations in the data. The interface must allow for
reordering of the axes so that insights can be gained
through experimentation.

Each panels’ visual structures and interactions are
designed to best match the most valued information and
control requested by the experts. Having multiple panels
with different visualizations enable each panel to be
focused while still complementing each other to build to a
greater representation that can answer the researcher’s
questions.

5.4 Development

There are some inherent issues involved when designing
and prototyping simultaneously in a limited time frame.
The issues I experienced were twofold. (1) Not having a
complete dataset to begin working with the visualization
aspect directly. Since the simulation was developed mainly
for another purpose a lot of time was needed to secure the
relevant data for this project. What became apparent
during the second cycle of workshops some data was
requested by the participants that would require substantial
work to be done in the simulation, something that was
impossible to fit in the time available for this project. (2)
Rapid prototyping involves iterating over the design and
reworking the prototype to fit new ideas and designs.
Ideally the prototyping is flexible enough to accommodate
changes and additions in the design. As the complexity of
the prototype in this project increased the ability to adapt
it to the evolving design specification decreased. To
facilitate the introduction of new functionality old parts of



the system needed to be reworked, sometimes
substantially, which with a prototype this complex created
issues in time management.

5.4 Further Studies

The method used in this project is an iterative one and the
work presented here can and should be expanded upon.
The design proposed in this report is by no means complete
or final but should be extensible enough to facilitate
continued development. After completing additional cycles
of the methodology used here I would propose a more long-
term evaluation where researchers or industry
professionals got to use the system for a period of time.
Discoveries in these types of systems generally take a long
time and part of the discoveries that users will need to make
is what tasks they use to solve their problems.

During the time this project has been going on the
simulation that provides the data have seen substantial
updates. Now include among other things randomized
disturbances to trucks and traffic. Bringing these types of
events into the visualization will no doubt add to the
importance of the tool for the researcher using the system.
The closer the system simulates what could be expected in
a real-world scenario the more the insights gained will be
of value to the user. The design of the visualization should
be developed in a way that takes into account future
additions to the simulation and use case.

6 CONCLUSIONS

The participatory design methodology supplies tools to
make an initial exploration and formalization of the
demands of an interactive visualization system in a
complex domain. The results suggest a design of a system
by the way of prototype development that could assist
researcher in their tasks by allowing them to filter trucks,
select time periods of interest, view positions and routes on
a map, and studying the platooning behavior in detail, in
particular the amount and characteristics of inter-truck
adaptations. The results were obtained through interviews
and workshops with researchers in the field of automatic
control and represents one solution to their needs.
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