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Abstract

Motorsport demands that vehicles deliver maximum performance even under extreme con-
ditions, requiring mechanics to continuously monitor the vehicle’s status and make rapid
decisions. This thesis presents a functional software prototype of a digital dashboard de-
signed specifically for the onboard mechanic in a rally vehicle. Implemented as a web
application with a React frontend and Node.js backend which is responsible for the sim-
ulation. A reusable library of custom visualization components was developed to support
future dashboard implementations. The solution was tested in collaboration with industry
professionals, resulting in a validated design tailored for motorsport use, while also demon-
strating generalizable principles for rapid and reliable sensor data visualization in other
domains.

Abstrakt

Motorsport vyzaduje, aby vozidld dosahovali maximéalny vykon aj v extrémnych pod-
mienkach. K tomu je potrebné, aby mechanici mohli pocas celych pretekov monitorovat ak-
tualny stav vozidla a robit rychle rozhodnutia. Vystupom tejto prace je funkény softvérovy
prototyp digitdlneho dashboardu navrhnuty Specidlne pre palubného mechanika v rally
vozidle. Dashboard bol implementovany ako webova aplikicia s frontendom v Reacte a
backendom v Node.js ktory je zodpovedny za beh simuldcie. Stcastou je vlastna kniznica
vizualiza¢nych komponentov ktord moze byt vyuzitd pri vyvoji dalsich podobnych dash-
boardov. Riesenie bolo testované s odbornikmi z praxe. Praca tak prindsa nielen overeny
navrh a implementaciu pre konkrétne pouzitie v motorsporte, ale aj univerzalne principy
vyuzitelné v inych oblastiach, kde je potrebnd rychla a spolahliva vizualizacia senzorovych
udajov.
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Rozsireny abstrakt

Rallye Dakar patri medzi najnaroc¢nejsie a najextrémnejsie motoristické podujatia na svete.
Ide o preteky, ktoré kladt obrovské naroky nielen na pilotov, ale predovsetkym na technické
vybavenie a celkovii spolahlivost vozidiel. Vzhladom na dizku trati, klimatické extrémy
a vysokul mieru opotrebenia je klicové, aby bolo vozidlo neustdle monitorované a aby
mechanik pocas jazdy dokazal reagovat na meniaci sa technicky stav vozidla. Zatial ¢o
vodi¢ sleduje predovsetkym jazdné parametre ako rychlost ¢i otacky, palubny mechanik
musi sledovat sirsie spektrum diagnostickych tdajov tykajucich sa stavu kritickych sys-
témov. Prave preto vznikla potreba navrhnit sSpecializovany digitalny dashboard, ktory
bude urceny vyhradne pre mechanika v nakladnom vozidle, a to s dérazom na maximélnu
¢itatelnost, efektivitu vizualizdcie a rychlost interpretacie zobrazovanych hodnot.

Préaca v prvej casti skima koncept Internetu veci (IoT), ktory dnes presahuje ramec
individualnych smart zariadeni a zahina komplexné systémy schopné zberu, prenosu a vy-
hodnocovania idajov v redlnom case. IoT predstavuje ekosystém prepojenych objektov — od
senzorov cez mikrokontroléry az po cloudové sluzby. V automobilovom priemysle a najméa
v motorsporte tento koncept nadobida novy rozmer. Pretekarske Specidly si v podstate
pohyblivé IoT uzly, ktoré v redlnom case generuju data o roznych castiach vozidla. Ich
spravna interpretacia je nevyhnutnd na predchadzanie poruchdm a optimalizaciu vykonu
vozidla. V ramci tejto prace bolo analyzované, ako sa data z tychto senzorov spractuvaju,
ako sa prendsaju v ramci CAN zbernice a aké vyzvy prindsa ich vizualizicia v prostredi
s vysokym ¢asovym stresom a zhorsenou viditelnostou.

Délezitou stucastou navrhu bolo aj detailné obozndmenie sa s principmi vizualizicie
dat. Efektivna vizualizicia je zdkladom rychlej orientacie a spravneho rozhodovania. V
praci boli preto podrobne preskiimané existujice vizualizacné techniky a principy, ako s
preattentivne vnimanie, Gestalt principy (blizkost, podobnost, kontinuita, uzatvorenie) ¢i
pravidla rozlozenia informéacii na obrazovke podla vizudlnej dolezitosti. Tieto principy boli
nasledne aplikované v navrhu dashboardu, pricom boli pouzité vizualizacné média ako bullet
grafy, nelinedrne bary, trendové sipky ¢i farebné indikatory. Znalost tychto technik bola
klicova pri navrhu riesenia, ktoré bolo nasledne konzultované s odbornikmi z praxe, najméa
s Ing. Davidom Svidom, PhD., ktory mé bohaté skiisenosti s vyvojom motorov pre vozidla
Rallye Dakar.

Na zaklade teoretického zdkladu a odbornej spétnej véizby boli navrhnuté dve verzie
dashboardu — prva vychadzala z poznatkov literatiry a principov efektivnej vizualiza-
cie, druhd bola upravend po konzultaciach s odbornikmi. Findlny navrh je rozdeleny do
funkénych blokov — zobrazenie kli¢ovych komponentov (tlaky a teploty pneumatik), diagno-
stické informacné dlazdice (,,info tiles“) a systém chybovych hlaseni. Délezitym vystupom
navrhu je vyvoj vlastnych vizualizacnych komponentov, ktoré umoznuju rychlu a efek-
tivnu interpretaciu technickych tdajov. Medzi kldcové prvky patri nelinedrny bar, ktory
zvyraznuje dolezité intervaly meranych hodnot, trendova sipka zobrazujica vyvoj veli¢iny
v ¢ase na zdklade kizavého priemeru a historicky graf, ktory umoziiuje spitne analyzovat
spravanie konkrétneho senzora pocas uplynulych mintt.

Cely systém bol implementovany ako webova aplikdcia s pouzitim React (frontend)
a Node.js s WebSocket serverom (backend). Dashboard umoznuje nacitanie CSV siborov
S0 zdznamami zo senzorov a prehravaf ich ako simuldciu v redlnom case. Tento pristup
umoznil testovanie prototypu bez nutnosti napojenia na redlnu senzorovu sustavu vozidla.
Data st nasledne vizualizované v komponentoch dashboardu.

V ramci testovania bola aplikéicia predstavena styrom odbornikom s priamou skiisenostou
z Rallye Dakar. Patrili medzi nich mechanici sediaci priamo vo vozidle pocas etap, ako aj



servisni technici zodpovedni za adrzbu medzi etapami. Ich spatna viazba potvrdila vysokt
mieru prehladnosti navrhnutého riesenia a prinos vybranych vizualizaénych technik. Oceno-
vali najmaé zretelné farby, interaktivne hlasenia a konzistentnost zobrazenia. Na zaklade ich
pripomienok boli navrhnuté viaceré rozsirenia, ako napriklad moznost blikajiceho pozadia
pri vyskyte chyby, pouzitie externého tlacidla na potvrdenie chyb alebo tplné vypnutie
chybnych senzorov, ktoré by inak spdsobovali zahltenie pouzivatela zbytoé¢nymi upozorne-
niami.

Vysledkom préce je plne funkény prototyp digitalneho dashboardu uréeného pre nasade-
nie v extrémnych podmienkach rallye. Navrhnuty systém je moduldrny a prenosny, c¢o
umoznuje jeho adaptaciu aj v inych oblastiach motorsportu ¢i automobilovej diagnostiky,
kde je potrebna rychla a spolahliva interpreticia technickych tidajov. Navyse, pouzita ar-
chitektira systému umoznuje jednoduchu integraciu dalsich senzorov, konfiguraciu vizual-
izacii podla potrieb pouzivatela a budice rozsirenie o redlne vstupy z CAN zbernice. Praca
tak predstavuje dolezity krok smerom k inteligentnejsiemu monitorovaniu vozidiel v redl-
nom case, zalozenému na overenych principoch vizualizdcie a praktickych sktsenostiach
z terénu.
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Chapter 1

Introduction

Motorsport, particularly rally racing, places extreme demands on vehicles and crews. In
events like the Dakar Rally, vehicles endure harsh environments: heat, dust, vibration, and
long stages with limited service opportunities. In such conditions, real-time monitoring of
the vehicle’s condition is critical—not only to optimize performance but to detect and react
to technical issues before they become race-ending failures. The onboard mechanic must
interpret a wide range of diagnostic data and respond immediately. The efficiency of this
process heavily depends on how clearly and intuitively the information is displayed.

This thesis presents the design and implementation of a digital dashboard tailored specif-
ically for the onboard mechanic in a rally truck. Unlike conventional dashboards, often
optimized for the driver or generalized for multiple roles, this solution prioritizes visual
clarity, perceptual speed, and context-aware display of information. The goal is to reduce
reaction time and cognitive load through effective visualization techniques, enabling the
mechanic to focus on what matters most.

The theoretical basis of this work lies in two main areas: the Internet of Things (IoT),
which defines the network of sensors embedded in modern vehicles, and data visualization
principles, which guide how information should be displayed for clarity and usability. Con-
cepts such as preattentive processing, layout design, and key performance indicators (KPIs)
are applied to support fast and accurate decision-making.

To validate and improve the design, several commercial dashboard systems were ana-
lyzed, exposing limitations in usability and diagnostic depth. Two versions of the dashboard
were proposed: an initial version based on theory and a revised version refined through ex-
pert feedback from Dakar Rally engineers. The final prototype was implemented as a web
application using React and Node.js, featuring real-time CSV simulation, nonlinear bar
graphs, modular info tiles, trend indicators, and interactive error messaging.

The solution was tested with experienced Dakar participants, whose feedback confirmed
its clarity and practical value. Suggestions such as blinking alerts and sensor deactivation
are noted as possible future enhancements. This work ultimately delivers a robust and
extensible dashboard for high-pressure motorsport environments.

Chapter 2 explores the IoT framework with emphasis on its role in motorsport. Chapter
3 introduces data visualization principles relevant to dashboards. Chapter 4 defines system
requirements and evaluates existing solutions. Chapter 5 presents the proposed designs,
followed by implementation details in Chapter 6. Chapter 7 summarizes user testing and
feedback. Chapter 8 concludes the thesis and outlines future improvements.



Chapter 2

Internet of Things

Internet of Things (IoT for short) is a term first used by Kevin Ashton in 1999, when
he refered to IoT as a uniquely identifiable interoperable connected objects with radio-
frequency identification (RFID) technology [16, 18]. But the history of IoT-like devices
started a long time before this. In the 1980s, programmers at Carnegie Mellon University
made the first Internet appliance, the smart Coke machine. Programmers working several
floors above the machine wrote a server program that was tracking the time of the coke
being stored in a fridge, so they knew if it was worth it to go down the floors and the coke
they wanted to buy was already cold [18].

The Internet of Things has many definitions depending on the implementation technol-
ogy. Objects in IoT can be identified uniquely in the virtual representation, and all things
within IoT are able to exchange data and, if needed, process the provided data depending
on the usage [16]. So the IoT is a big network of things connected, wirelessly or by wire,
to the internet or between each other.

The first thing that comes to someone’s mind who doesn’t really deep dive into the
problematics of IoT is a smart home. Using a bunch of sensors and smart devices to control
your house from your phone sounds futuristic and is probably a great example of how the
IoT works and how it can make your life easier [12]. There are a lot of things that you
can automate in your house. For example, you have the coffee machine make you a cup of
coffee every morning before work at the same time, so when you come to the kitchen, it’s
waiting for you, and you don’t have to waste time with such a boring activity [12]. You can
have automatic lights that switch on and off based on your presence in the room, a smart
doorbell that can alert you in your mobile app if someone came to your front door, smart
thermostat so you can set your temperature to vacation mode when you go away for the
weekend and so many other things that can help you with everyday activities and save you
some time and money. [12].

However, the smart home is not the only field in which IoT is used. We can also find IoT
devices in logistics and supply chain management for tracking information, location, and
stock of goods [34]. In healthcare, we can use IoT for constant monitoring and control of
health parameters, even if the patient is not present in the hospital, so the system will send
information to the healthcare center if any unwanted change in the parameters happens [34].
In transportation, IoT is used for road condition monitoring, license plate identification,
remote performance monitoring [34], and much more, which will be discussed in Sections
2.3 and 2.4. Although this is just a small part of the IoT used in the world, hopefully, it
shows what it’s capable of. [34]



2.1 Types of IoT devices

The main part of IoT networks is objects. All of the sensors, actuators, and any smart
devices are objects. That’s why the authors of [11] have decided to divide these groups into
two categories: Smart and Non-smart objects. Their definition of Smart Objects states:
“A Smart Object, also known as an Intelligent Product, is a physical element that can be
identified throughout its life and interact with the environment and other objects.” And
the Non-smart objects consist of sensors and actuators [11].

Sensors are an essential part of the IoT components. Its role is to sense the different en-
vironmental changes [21]. Sensors can sense different parameters based on their usage, such
as light fluctuation using a photoresistor, temperature using the thermistor, and detecting
flames, sounds, movements, or anything else [11]. There are many different categories to
group sensors by; however, Mohamed in [21] has divided them into three main categories,
mechanical, electrical, and chemical sensors, based on the technology of the sensor. There
can be analog or digital sensors based on the output of the sensors. They are also divided
into active or passive sensors.

As sensors are the main part of the IoT network, some requirements include accuracy,
resolution, and sensitivity. The whole functionality of the systems is based on these param-
eters, as the sensors provide feedback to the controls that provide signals to the actuators
[21].

Actuators are the part of the IoT systems that perform actions based on the readings of
the sensors [21]. Actuators come in three main types: mechanical, electrical, and pneumatic.
They are responsible for transforming energy into movement. HEssentially, an actuator is
a device that changes an electrical input into mechanical action or another practical form
of energy [21].

Smart objects usually have an embedded operating system and actuators, sensors,
or both, which is why smart objects can communicate with other objects, process data
from sensors, and trigger events [11]. However, this is not the only definition of Smart
Objects that has been provided. In [33], they consider Smart objects as Intelligent products
that constantly monitor, react, and adapt to the environment and can provide optimum
performance and active communication.

Mountrouidou [23] provides a taxonomy with a more overall look at the IoT devices
that comprise the whole network. The main building blocks of the Network of Things,
which is referred to as the Internet of Things, are sensors, aggregators, communication
channels, eUtilities, and decision triggers. Sensors have the same definitions as mentioned
before. Aggregators are software that can process data. Communication channels are
media through which the data flows. eUtilities are products, either hardware or software,
for example, a phone or a cloud. Decision Triggers are predicates that must be true if
something should happen [23]. Based on these building blocks, the decision tree taxonomy,
which can be seen in Figure 2.1, has been created.



Single
Channel
Multi
Channel

Communication
e

Purpose
Non Mechanical
Actuator

Collector and Collector and
Mechanical Non-Mechanical Actuator Sensor
Actuator Actuator

Self-Moving

Non-self-
Moving

Mechanical
Actuator

Figure 2.1: Taxonomy tree provided by Montrouidou in [23]

The tree’s root represents any device, with the first level outlining general features ap-
plicable to all IoT devices [23]. These features align with the NIST primitives. Specifically,
the attributes Purpose and Mobility link to actuators; Communication Channels corre-
spond to communication types; and Purpose connects to eUtilities, aggregators, decision
triggers, and sensors. Each characteristic at the first level is the root of a binary decision
sub-tree, which helps classify devices according to that feature. The subsequent levels in
the decision tree feature binary divisions, representing contrasting branches and end points.
These lower levels group IoT devices into distinct, complementary categories.

2.2 Communication

In the world of the Internet of Things (IoT), devices must communicate with each other
and with central systems to exchange information. Depending on the application, different
communication methods are used, balancing factors such as range, energy consumption,
data transfer rate, cost, and reliability.
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Figure 2.2: Visual representation of the range and data rate of different communication
types.

LPWAN technologies

Low power wide area network (LPWAN) is a connection technology used in IoT where the
high data rate and low latency aren’t the main focus of the system. LPWAN has different
key performances such as energy efficiency, scalability, and coverage [30].

LoRa (Long Range) is a physical layer protocol based on LPWAN that uses a spread
spectrum technique called Chirp Spread Spectrum (CSS) [30]. CSS spreads the signal over
a wide range of frequencies to achieve high interference resilience and also reduce the signal-
to-noise-and-interference ratio required for correct data decoding by the receiver. LoRa also
has a spreading factor (SF), which can be set from seven to twelve to make it possible to
provide data rates and tradeoffs between throughput and coverage range, link robustness,
or energy consumption [30]. Higher SF provides a longer range but slower data, while lower
SF provides faster data rates but a shorter range.

LoRaWAN is a LoRa-based communication protocol that manages communication
between devices, gateways, and the network server. Getaways relay messages between the
end devices and the central network server. Devices used in LoRaWAN are defined in three
groups. Group A devices are more focused on battery saving, initiating communication by
sending data, and only using downlink (communication heading to the device) communica-
tion for a short amount of time. Devices in Group B are more commonly used for two-way
communication. Group C devices have their receive slots open all the time except when
they need to transmit [6, 2].

Another low-power wide area network technology is SigFox, which uses ultra-narrowband
to provide complete end-to-end connectivity. SigFox uses an Ultra-Narrow Band Modula-
tion to minimize power consumption and allow the signals to travel long distances in rural
areas, up to 30-50 km, and in urban locations, three to ten km. SigFox has its own network
infrastructure, which is similar to that of a cellular network. However, some of the Lo-
RaWan gateways have been compatible with SigFox since this technology’s opening to the
public' last year. Devices connect to SigFox base stations, which relay data to the cloud.

The SigFox network is built to support 12 bytes of packet size for each message going
uplink; the number of messages per day is restricted to 140. Every message going downlink
only supports eight bytes of packet size for each message, and the number of downlink mes-

"https://www.sigfox.com /unabiz-opens-sigfox-Og-technology-device-library-to-drive-technology-
convergence-and-massive-iot/



sages is restricted to only four a day. This indicates that SigFox was initially invented only
to support uplink communication, but later, the possibility of downlinking was introduced
6, 2].

Short-Range

Short-range communication technologies are mainly used to support connectivity within
a small coverage area [6]. That’s why these technologies are best-fit for consumer use-case,
rather than big industrial usage [2].

Bluetooth, which was standardized by the Institute of Electrical and Electronics Engi-
neers (IEEE) 802.15.1, is a “wireless technology primarily used for communications between
portable devices distributed in a small area (maximum of 100m)” [6]. Bluetooth operates
mainly in the 2.4GHz ISM band with data rates up to 3Mbps. Because of Bluetooth’s
high energy consumption, Bluetooth Low Energy (BLE) was introduced in Bluetooth 4.0
specifically for low-powered IoT devices. Unlike classic Bluetooth, which uses a continuous
connection, BLE is only for short burst data transmission. BLE defines 40 usable channels
as three primary advertisement channels and 37 data channels.

The biggest drawback of Bluetooth is the restriction to only one-to-one communication
between two devices. That’s why Bluetooth Smart Mesh was introduced in order to define
and standardize a new mesh networking architecture for BLE. This improvement enables
deployments of BLE for IoT. Bluetooth mesh topology works on a managed flood routing
principle, with devices forwarding messages from one to another. The maximum number
of devices connected in the Bluetooth mesh is 32767 [6, 2].

WiFi, standardized by IEEE 802.11 [29] and was commonly used for wireless local area
networks. However, the first few generations weren’t the best match for use in IoT. In 2017,
the IEEE 802.11ah (WiFi HaLow) was introduced. A new version of Wi-Fi with extended
coverage and low-power consumption requirements. Compared to other high-speed WiFi
connections, IEEE 802.11ah aims to provide connectivity to thousands of devices and cov-
erage up to one kilometer (which can be increased by using multiple overlapping hotspots),
but with a maximum data rate of up to 347 Mbps.

ZigBee is a short-range wireless technology for wireless personal area networks (WPAN).
It is a low-energy technology and is able to connect up to 255 devices with a maximum
packet size of 128 bytes. ZigBee is able to cover up to 100m, but can vary to only a few
meters based on the environment. Three types of devices are defined: coordinator, router,
and end device. In order to make a big network, ZigBee can be extended as a generic
mesh where local coordinators, to which devices are connected, are connected to global
coordinators using multihop. The data rates supported in Zigbee are 20kbps- 250kbps [8].s

Radio-frequency identification (RFID) is a big part of IoT mainly because of its
best usage, which is identification. RFID was first used in 1948 during World War II in
Britain for identifying friendly equipment or personnel, enabling the distinction between
allied and enemy forces. Since then, it has found usage in many other scopes such as
Logistics and Supply, Manufacturing, Health Care and Medicine, Transport and Retailing,
and much more [15].

RFID systems are divided into three main components: RFID tags, readers, and the
application layer. There are two types of tags, active and passive. Active tags are battery-
powered and communicate with other tags. Passive tags are powered by the readers using
the coiled antenna, and the data is stored in the microchip. The reader activates the tags
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and transfers the data to the application software. The application system processes the
data and sends it to the host computer or stores it for later upload [18, 15].

Wired

Ethernet is a system connecting a number of computer systems in a local area network.
Ethernet is commonly used for devices that don’t need wireless communication, such as the
sensors installed in a building automation. The high speeds ethernet can provide, using
coaxial cables, twisted pairs or optical fibers, are good for a system that needs to send
a large amount of data. Ethernet cables are good for transporting data over long distances,
but the connection can be vulnerable to physical damage [21].

OBD is an Onboard diagnostic system used in the automotive industry for user-friendly
access to information about the location and the actual fault in cars. OBD was first
introduced by the “California Air Resources Board” (CARB) to control or reduce the air
pollution caused by traffic, and also to give information about malfunctioning in vehicle
systems by the Malfunction Indicator Lamp (MIL) being placed on the dashboard of cars.

If any malfunction happens in the car, the OBD gives a Diagnostic Trouble Code (DTC),
which consists of five characters. These codes have some generic codes defined by the
Society of Automotive Engineers (SAE), and manufacturers must also make a list of their
own DTCs. These codes are accessed through an OBD kit connected to the laptop, where
DTCs are shown in a user-friendly form [27].

Controlled Area Network (CAN) is a message based protocol [17]. CAN is a single
or dual-wire bus, designed to connect and enable communication between electric compo-
nents, microcontrollers, electronic control units (ECUs), sensors, devices, and actuators of
the in-vehicle system [17]. It is a broadcast network that is able to get the speed up to one
megabit per second [3].

When a CAN node intends to transmit data, it first monitors the bus to ensure it is
idle. Upon confirming bus availability, the node initiates transmission by sending a data
frame, which includes fields such as the start of frame, identifier, control, data, CRC, and
acknowledgment. All nodes on the network receive the message, but only those for which
the identifier is relevant process the data [3].

Collision Detection and Arbitration on Message Priority (CD+AMP) is used in CAN to
resolve the collisions between two packets being sent simultaneously using message identifier
bits [3]. The CAN frames, used for transferring the information between nodes [5], include
an arbitration identifier (ID) field, used to determine the priority of the message; the higher
the ID bit value, the lower the priority of the message [17].

2.3 Usage in Automotive Industry

Integrating the Internet of Things (IoT) into cars has transformed traditional vehicles into
sophisticated, connected systems. With embedded sensors and communication devices,
vehicles can collect and exchange data in real time, improving safety, optimizing perfor-
mance, and enriching the user experience. For example, IoT enables predictive maintenance
by monitoring vehicle health and alerting the driver of potential problems before they occur
[26]. In addition, Vehicle-to-Everything (V2X) communication allows vehicles to communi-
cate and interact with the infrastructure, which improves traffic flow and reduces the risk of
accidents [39]. These advancements show IoT’s vital role in the evolution of the automotive
industry towards smarter and more efficient transportation.
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The levels of automation used in cars range from advanced driver assistance systems
(ADAS) to a fully automated driving system (ADS) [24]. Modern vehicles are equipped
with various sensors that enhance driving safety and comfort. Different temperature sensors
are used to monitor coolant, fuel, oil, and cabin temperature for the driver’s comfort [10].
Pressure sensors are used for tire, fuel, and manifold pressure. Speed and acceleration
sensors are used for ABS (anti-lock braking system), and accelerometers are used in stability
controls and airbag deployment systems. Proximity and ultrasonic sensors are used for
parking assistance [10].

Autonomous driving is now one of the newest inventions in the automotive industry. For
ADAS systems to work, the car needs to sense its surroundings and make fast and intelligent
decisions in real-time [4]. There are two types of sensors that autonomous vehicles need
to use: exteroceptive sensors to see the outside environment and calculate the distance to
it, and proprioceptive sensors to measure the values of the car [4]. Extroceptive sensors
include: LIDAR (Light Detection and Ranging), used for measuring distances, radar, which
can also measure distance, angle, and velocity of objects using radio waves, camera, to
produce a digital image of the covered region, and ultrasonic sensors, also used for distance
measurement [4]. Proprioceptive sensors are: GPS (Global Positioning System) to provide
geolocation of the car, IMU (Inertial Measurement Unit) used for control and guidance
of the vehicle, and Encoders to determine the relative position of the vehicle [4]. After
collecting all the information from these sensors, the fusion of these data has to happen,
as was stated before, there are multiple sensors that have the same function. Combining
the data about the same obstacle but from different sensors can provide a higher quality
output, so the system can perform at its best [4].

Vehicle networking is a big step to ensure road safety and efficiency. Vehicle-to-vehicle
(V2V) and Vehicle-to-infrastructure (V2I) communications offer the ability to exchange
speed, heading angle, position, and other information about the environment between vehi-
cles and surrounding infrastructure [13]. V2V communication can help with many aspects
of road safety. Sharing real-time data amongst the vehicles can provide information about
traffic conditions to help drivers make informed decisions on route adjustments [38]. Acci-
dents and hazard notification can also provide safety precautions, it can alert nearby vehicles
about sudden braking, accidents, and road hazards [38]. V2V can also help with managing
traffic flow by facilitating synchronized driving behaviors, such as speed adjustments and
lane changes. When vehicles collaborate on the road, traffic flows more smoothly, reducing
congestion and enhancing safety.

2.4 Motorsport and IoT

IoT has become a much bigger framework than when the first RFID-based applications
were introduced. A wider scale of the sensors available, such as infrared sensors, laser
scanners, and information sensors, together with a broader scope of connectivity, facili-
tating information flow and interaction between objects, has opened new possibilities in
motorsports [35]. At the start of motor sports, data transmission was only available by
wired connection, and later on, wireless communication was introduced to enable remote
data transmission. The first wireless data transmissions started with radios, but later IoT
technology has enabled the connection of sensors to cloud platforms via a wireless network
for real-time data analysis and monitoring [35].

Data acquisition in motorsports can be used for many different reasons, but the main
objective is to push the vehicle to the limits and get the full potential out of the vehicle and

12



to improve possible drawbacks that arise from the analysis [28]. The three main data cat-
egories that are being collected are: The vital functions of the vehicle, Driver activity, and
chassis parameters. Vital functions of the vehicle can be engine oil and temperature, water
temperature, fuel pressure, gearbox and differential temperature, and battery voltage [28].
This is the part of the data that can indicate any reliability issues with the vehicle. Driver
activity parameters are those that the driver has control of; this data is later analyzed, and
the driver uses it to learn from their mistake to improve their driving. Chassis parameters
are mostly dynamics-related information, they can be parameters such as the vehicle speed,
G-forces, steering angle, tire pressures and much more [28].

There are different approaches to analyzing the data. Depending on the type of racing,
the data is being processed in different ways. For example, in Formula One, the data
acquired in the car is being sent in real-time to the pit wall and also a remote data analysis
center. The team analyzes this information instantly, allowing them to make strategic
adjustments that enhance the car’s performance during the race [31]. However, in the
Rallye Dakar, the data from the vehicle is stored in the car for later analysis after the
stage. But the main vital functions of the car are, of course, on the dashboard that the
co-driver in the car has in front of him. There is valuable information about everything the
crew needs to know to react in case anything unwanted happens. The visualisation is a big

part of the operation because of the minimal time the co-driver has to react to what’s on
the dashboard.
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Chapter 3

Data visualization

“Data visualization involves presenting data in a graphical or pictorial form, which makes
the information easy to understand” [25]. Visualizations are made to help explain facts and
take action based on the information visualized. It can be a powerful tool if the designer
knows how to use it. Perception of the world around is the strongest sense humans have;
approximately 70% of the sense receptors in human bodies are dedicated to vision [9].
Designers of the visual representation have to follow some rules to help this human sense
with easier and faster perception. There are many types of data visualization, which is
why one chunk of data can be visualized with many different styles, meaning that there
are more approaches designers could use. There could be more different documentation on
how to make the best data visualization.

Data visualisation can be applied in any field where presenting complex information is
required to achieve different goals [25]. To make a data visualization that meets all the
requirements, the designer must be guided by how the visualization will be applied. Here
are a few applications mentioned in [25]. In public health, visualization is used to under-
stand the problem better and take action where needed. In fraud detection, visualization
is essential in the early stages of the investigation to detect fraudulent activity by study-
ing patterns that suggest fraud. In the rally, data visualization is used to get real-time
information about the car so the crew onboard can make informed decisions.

Based on the field in which the data is being visualized and the usage of the visualization,
different properties of the visualization are enhanced. For example, dashboards, which are
a visualization of data, are made for fast and easy comprehension of the data, and the
data-ink ratio (which is explained closer in Subsection 3.1) has to be as high as possible [9].
However in a scientific paper where visualizations are used to explain a certain problem,
the time of comprehension doesn’t play as significant role as in dashboards that’s why
the information can be more detailed and the captions of visualization explain all the
information the reader has to know to understand the visualization [19]. To achieve as good
a visualization as needed, there are some principles that the designers should follow, and
these principles will be explained in Subsection 3.1. Key Performance Indicators are used
to better understand some collected data, as found in Subsection 3.2. To finally visualize
and provide the data in a user-friendly way, Dashboards 3.3 are used. For the creation of
the best possible visualization, there are some techniques and visualization media that will
be shown in Subsection 3.4.
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3.1 Principles of Effective Data Visualization

Data visualization can be a complex task. It is about transforming complex data into
accessible insights through plots, clusters, or any other visual representation of data. There
are many principles of effective data visualization based on the goal of the visualization.
For example, in science articles, the data visualizations have to be as concrete as possible
to provide complete information about the topic being presented. However, in dashboards,
the principles are more focused on rapid data perception, showing as much information on
a single screen, and consistency. Few [9] has created a complex manual of how to represent
data in dashboards, what to keep in mind, and how to get the most out of the single screen.
That’s what is going to be discussed in this section.

Preattentive perception

Preattentive perception is one of the things that designers of Dashboards have to work
with. It is a cognitive process of detecting and interpreting visual information instantly.
If the visualization design is done right, human perception can automatically understand
the information being presented without requiring focused attention. The preattentive
attributes help with the data’s efficiency and accuracy. Few have presented 11 preattentive
attributes from Ware [36] book that are organized into four categories: color, form, spatial
position, and motion.

The attributes of color are hue, which is the color itself; saturation, which is the intensity
of the color; and lightness or brightness, which refers to how light or dark the color is.
Intensity is a combination of both saturation and lightness, it determines the overall strength
of the color. However, the color itself can be seen differently based on the surrounding colors,
even if the value of the color is the same. That is why, in the design, the colors have to
be contrasting to keep the readability as high as possible. One more thing that should be
taken into consideration with color is color blindness. To ensure that even colorblind people
will be able to read and see the differences between objects, the selected colors should be on
a monochromatic palette so even colorblind people could see the difference. The differences
between objects should be made with the same color but different saturations because the
saturation of color is clearly distinguishable also by color blind people.

There is six attributes of form: orientation, line length, line width, size, shape, added
marks, enclosure. All these attributes of the displayed data are used to draw attention,
organize content, or encoding meaning. The orientation of text for example italicized text
can make the italicized words stand out from the text. Line length and width are used in
charts to describe quantitative data as bars in a bar graph, or if there is a underlined text,
the width of the line below can draw more attention to the text with a wider line. The size
of an object, chart, table, or icon can be used to declare greater importance to the part of
the dashboard. Shape of objects can be used in graphs to differentiate datasets or in form of
icons to assign distinct meaning. Added marks can appear next to important information
in the dashboard. And lastly enclosure to group section of data, or highlighting content as
important.

The attribute of position is a 2D position to encode quantitative data in a graph, and
it is the easiest and most accurate, preattentive attribute to perceive. And the attribute of
motion, flicker. Flickering objects on the screen draw attention to themselves. Even though
the flickering objects can be annoying, they might be helpful sometimes.
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Few [9] has also stated that two different types of colors should be used for the dashboard
design, standard colors and emphasis colors. Standard color pallet should be used to provide
calming, neutral backdrop for the dashboard. Standard colors are soft and natural inspired
by natural tones. Its colors such as soft grays, browns, oranges, greens, and blues. On the
other hand the emphasis colors are the one that are highly saturated, bring attention to
them selves. These should be used to emphasize something on the board, something that
needs to be standing out.

Gestalt principles

Other principles that are used to make visual perception as effective as possible are the
gestalt principles. Gestalt is a german word which means pattern in English. The re-
searchers from the Gestalt School of Psychology has recognized that our brains organize
stuff that we see to understand it. Gestalt principles of perception reveals visual character-
istics that incline us to group objects together. The information about this principles are
from the Few book [9] and [32].

The principle of proximity is based on grouping objects just by putting them close
together. As you can see in Figure 3.1 circles that are closer together (the distance between
them is approximately the same) are perceived as groups. That is why this is the easiest
way of grouping data on the dashboard.
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Figure 3.1: Grouping the circles using proximity principle. Adapted from [9].

Other principle used for grouping objects together is called the principle of similarity.
Principle of similarity is based on the fact that we tend to group objects similar in color,
shape, size, and orientation, as is shown in Figure 3.2. This principle can help group related
data on the dashboard that are in different places. This principle is similar to using color to
group things together, but that is usually used to connect the same information in different
graphs. However, similarity can be used to compare data that are in different places.
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Figure 3.2: Creating group based on similarity. Adapted from [9].
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The principle of enclosure is simply a way we perceive things are grouped together if
they are enclosed by anything that creates a border around the objects. It could be either
a line or a different color base as shown in Figure 3.3a.

The principle of closure is a way to group objects with incomplete, open, or any other
unusual form. Humans perceive these objects as closed or complete if there is a reason to
do so. This principle can be applied to dashboards to make graphs, as is shown in Figure
3.3b. This could be a way of avoiding unnecessary visual content to keep the dashboard as
clean as possible.
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(a) Enclosure (b) Closure

Figure 3.3: Examples of using enclosure and closure for grouping objects. Adapted from
[9].

Another one of Gestalt principles is the principle of continuity. We perceive objects
that are aligned together as a group. That’s why a dashed line is perceived as a line rather
than many short lines. This principle can be useful in Dashboards when trying to align
some objects together, for example, in a table as is shown in Figure 3.4.

Division/Department Headcount
GRA
Finance 15
Purchasing 5
Information Systems 17
Sales
Field Sales 47
Sales Operations 10
Engineering
Product Development 22
Product Marketing 5

Figure 3.4: Even when the columns in this table are not enclosed with lines, the alignment
clearly groups the columns. Redrawn from [9].

The final Gestalt principle is the principle of connection. This principle uses a way
of making groups by simply connecting them with a line. An exact connection can make
a stronger connection between two objects than the ones produced by proximity or similar-
ity. This technique connects non-quantitative data, such as connections between employees.
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3.2 Key Performance Indicators (KPIs)

Key Performance Indicators (KPIs) are the critical (key) indicators of progress towards an
intended result. KPIs are measurable values that indicate how effectively the goals are being
achieved. They play a significant role in monitoring, assessing, and optimizing performance.
Here are some examples of KPIs to better explain how they can be implemented in different
fields. In finance, managers can choose from many different indicators to track their financial
progress, such as gross profit margin, net profit margin, and working capital ratio. In IT,
KPIs such as Total Support tickets, IT costs vs revenue, and Security-related downtime
can be used. In motorsport, the performance of the car is monitored with these indicators:
Lap times, speed and acceleration, fuel efficiency, and much more, which will be discussed
in 4.1. So as the examples show, it is crucial to set the best KPIs that reflect the progress
and overall effectiveness of the activities done.

Mikusova [20] provides multiple divisions of indicators that will be discussed in this
paragraph. The indicators can be divided into groups based on different aspects. However,
the three divisions that will be further discussed are: reproducibility of the use, subject of
measurement, and area of measurement.

The indicators are divided into two groups: continuous and discrete, based on their
reproducibility. Continuous indicators are those types of indicators that exist on the in-
finitely divisible scale and or continuum, which means that the units in which the indicator
is measured can be divided into smaller and smaller units, for example, time can be mea-
sured in hours, minutes, seconds, etc. These indicators are being measured repeatedly at
predetermined times. The discrete indicators on the other hand represents characteristics
with distinct, separate values, such as description, frequencies, or categorical scales, for ex-
ample, descriptive categories could be levels of education (primary, secondary, bachelor’s),
frequencies is for example number of processed orders, and evaluative scales could be rat-
ings like “excellent,” “satisfactory,” “unsatisfactory.” These indicators are being observed
repeatedly at set intervals for intangible quantities, such as customer satisfaction.

The subject of Measurement divides indicators into hard and soft indicators. Hard
measures are measurable, objective metrics that can define a company’s performance or
activities in areas that directly impact competitiveness. Hard indicators are quantifiable,
which means that the indicators could be measured precisely and objectively, for example,
revenue, profit, and costs. They should be easily available and shouldn’t create additional
costs. Finally, they should be able to be expressed in financial terms to be easy to compare.
The purpose of hard indicators is to define specific targets. Soft indicators are the complete
opposite of hard indicators. They are subjective measures to assess the qualitative aspects
of performance. They are difficult to quantify and non-monetary, which means that they
can’t be expressed in financial terms. They are often based on judgments, surveys, or
audits. The purpose of soft indicators is to evaluate areas like satisfaction, quality, or other
aspects.

There are four different groups of indicators, which are divided based on the area they
measure. These areas are: efficiency, effectiveness, result, and process. Efficiency indicators
are used to evaluate how economically resources are utilized or find ways to reduce costs
while maintaining output quality. Indicators of effectiveness measure the level to which
customer needs are met. Indicators of the result describe the outcome of the process.
Finally, indicators of process are used to monitor and improve internal processes that lead
to the result. Here, the importance of measuring not only the process but also the outcome
can be seen. By integrating efficiency, effectiveness, result, and process indicators into
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a performance measurement system, organizations make improvements and maintain the
quality of customer service.

3.3 Dashboards

As defined by Stephen Few [9], a dashboard is a “visual display of the most important
information needed to achieve one or more objectives, consolidated and arranged on a single
screen so the information can be monitored at a glance” However, this is not the only
definition, there is a broader definition from Wexler et al. [37] “a visual display of data
used to monitor conditions and/or facilitate understanding.” Combining these two, the
meanings and purpose of dashboards can be explained as a single screen that provides
needed information about a condition related to a specific task [14]. Dashboards are mainly
used as a tool for gathering data from various sources, enabling monitoring, analysis, and
real-time decision-making.

Stephen Few [9], identifies several key characteristics that make dashboards effective
tools for data visualization and decision-making. The main reason is that the dashboard
has to be a single-screen data visualization that allows users to see everything at a glance.
The information on the screen should have real-time or near real-time updates to keep the
timely decisions as accurate as possible. The screen should only display the most important
information, such as KPIs, to keep the screen free of unnecessary data that only slows the
perception time. The effective dashboard should focus on simplicity, avoiding unnecessary
decorations and using size, color, and position to highlight important information. Above
all, dashboards should be made to help users quickly assess situations and make informed
decisions.

Dashboards are versatile tools used across various industries to monitor and analyze key
data in real time. In business, they track KPIs such as sales, revenue, and employee per-
formance, which facilitates informed decision-making. In healthcare, dashboards assist in
patient monitoring, hospital management, and tracking medical supply inventory, enhanc-
ing operational efficiency and patient care. In transportation, they are utilized to track
fleets, monitor traffic, and optimize routes, improving logistics and reducing transportation
time. In the automotive industry, dashboards display real-time vehicle data, such as speed,
fuel status, and diagnostics, which aids in vehicle maintenance and performance evalua-
tion. These applications demonstrate the adaptability and significance of dashboards in
transforming data into actionable insights across various sectors.

3.4 Visualization Techniques in Dashboards

To create a dashboard that will meet our requirements, we need to carefully pick the best
display media that will enable clear and immediate communication. When trying to choose
the best display media, the nature of the information and message must be considered.
To present the information effectively, the layout of the dashboard has to be organized
in a certain way, which will be discussed later. In this section, these problems will be
addressed. The information in this section is from the Few [9] book.

Dashboard Layout

When designing a dashboard, the information layout plays a significant role in the fast
perception of the data. It’s another way of emphasizing the information. Two types of data
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are shown on the dashboard: Information that is always important and information that is
only important at the moment. The designer should divide the information that is going to
be on the dashboard to know where to place it. For this placement, Few has divided that
dashboard into five different areas, as u can see in Figure 3.5. The data that are always
important should be placed in the top left corner or in the middle, however the information
in the middle is only emphasized when distinguished from the other data by a border such
as a line or a white space.

Neither emphasized
nor de-emphasized

Neither emphasized
nor de-emphasized De-emphasized

Figure 3.5: Different areas on the dashboard have different levels of visual emphasis. Re-
drawn from [9].

Display media

To display our information in the most effective way, the proper display media has to be
picked. Many different display media exist because every type of information should be
presented in a way that best fits the message. Two principles proposed by Few guide the
selection of the media: It must be the best means to display a particular type of information
commonly found on dashboards, and it must be able to serve its purpose even when sized to
fit into a small space. Few have also proposed six different types of media: graphs, images,
icons, drawing objects, text, and organizers.

Graphs

Graphs are the most commonly used display media in dashboards. This is mainly because
of the quantitative data usually displayed on dashboards. Few [9] explains nine types of
graphs which are going to be discussed in the next part of this section: bullet graphs, bar
graphs (horizontal and vertical), stacked bar graphs (horizontal and vertical), line graphs,
sparklines, box plots, and scatter plots.

Bullet graph is Few’s invention, made mainly for dashboard usage; you can see the
design in Figure 3.6. The ratio of information and space occupied by the bullet graph is what
makes it really suitable for the dashboards. It is designed to display a key measure, with
a comparative measure and qualitative ranges, to be able to instantly declare if the measure
is good, bad, or in some other state. The intensity of the color distinguishes the qualitative
range to ensure that even a color-blind person can see the differences. The qualitative range
should be divided into more than five states to clarify the colors’ distinctions. There is also
a way to display more than one comparative measure simply by adding another distinct
marker to the graph. To ensure distinctions, the markers can have different line widths.
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Figure 3.6: Graphic explanation of bullet graph. Redrawn from [9].

Bar graphs are used to display discrete data categories. The bars in the graph represent
the exact quantitative values, which means that they can be easily compared to the other
values around by simply comparing the height of the bar. They could have two ways of
orientation, which are vertical 3.7a and horizontal 3.7b. The bar graphs are used to display
data of nominal and ordinal scales. The nominal scales are composed of discrete items
in the same categories but don’t have any relation, for example, different departments
(Sales, Marketing, and Finance), regions (The Americas, Asia, and Europe). The ordinal
scales consist of items that have a relation between them but don’t declare any quantitative
information on their own, for example “A, B, and C” or “small, medium, large”.

Orders by Age Group Market Share

6000 Competitor A 29.9%

5000 Competitor B 19.0%

40007 Us 18.7%

30007 Competitor D 14.3%

20007 Competitor E 12.7%

10007 All Others 5.4%

0 T90-19 20-20 30-39 40-49 50-59 60-69 70-79 80-89 90-99 0% 5% 10% 15% 20% 25% 30%

(a) Vertical (b) Horizontal

Figure 3.7: This figure shows the two possible orientations of a bar graph. Adapted from
[9]-

Stacked bar graphs is a variation of the bar graph. The usage of this graph is misused
in most cases. Stacked bar graphs tend to be used to display a single series of part-to-whole
data. However, that is not the best use case. Because when you look at the stacked bar
graph in Figure 3.8a, it takes much more time to read the information of the stacked bar
graph than from the horizontal bar graph that can be seen in Figure 3.7h.
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Figure 3.8: Examples of using enclosure and closure for grouping objects. Adapted from

[9]-

The only use case that Few says is suitable for stack bar graphs is when the graph must
display more instances of the whole, and the graph is more emphasized on the whole than
the parts of the whole. An example can be seen in Figure 3.8b.

Line graph is best for displaying the shape of data, its movement between values, and
its overall change over time. Line graphs can be very useful for showing trends, fluctuations,
cycles, rates of change, and how the datasets vary in relation to one another. Usually, when
showing time-series data on a dashboard, the shape of the data is what matters, not the
detailed values that can be shown in a bar graph. In Figure 3.9, the different information
that can be read from the graphs that show the same data can be seen. The bar graph on
the left is more emphasized on the individual values, and the line graph on the right side
clearly shows the overall shape of the data. Line graphs don’t need to start from zero, as
they show only the highest values of the data; that’s why the graphs can be more detailed.
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Figure 3.9: The information that is displayed on the bar graph is different from the line
graph even when showing the same data. Redrawn from [9].

Sparkline graphs are used to display the historical meaning of the value. That means
that there is no quantitative scale provided with these graphs, that’s because they are not
used to show any detailed data. The main purpose is to show how the values have been
changing over time. The sparkline in Figure 3.10 on the left is showing a 12 months history
of a checking balance, as you can see it is clear to see how the values have been changing,
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and if it has gone down or up in the shown time. However it is possible to show a bit more
information. As is seen in the sprakline on the right side of Figure 3.10, there is a gray
rectangle behind the sprakline, which indicates the number of manufacturing defects that
are acceptable. The red dot at the end of the sprakline ties the current value, which is
represented by the red five on the side.

""" $137384.28 Checking Balance 05/20/2005 \/\Awl',\d-'\/\/" 5 Daily Defects

Figure 3.10: Sparklines example. Redrawn from [9].

Box plots display a dataset’s distribution across its entire range. They help visualize
the data distribution and identify the median, quartiles, and potential outliers. So, for
example, when trying to display the distribution of salaries across multiple salary groups,
it can be like in the graph on the right side of Figure 3.11. On the left side, the box-
and-whisker plot itself is explained. As is seen, the box-and-whisker plot consists of a line
representing the distribution’s median, whiskers representing the highest and lowest values,
and the box representing the main 50% of the distribution. The median divides the values
in the distribution into two halves, which means that if the median line is closer to the
top, more values are in the upper half of the distribution, and if the median is closer to the
lower end, it’s the other way.
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Figure 3.11: Graphic explanation of box plot and example of usage. Redrawn from [9].

Scatter plots have only one usage, which is displaying the corelation between two
datasets. It can display the direction in which its correlating, and to what degree the two
paired data sets are correlating. Figure 3.12 is showing a correlation between the Ads and
the sales revenue. This data has been collected for 24 months and each dot in the graph
represents one month. The line represents that the correlation is positive (going upward
from left to right), which means that the bigger the number of ads the bigger the sales
revenue. Judging by the grouping of the data values around the trend line, the correlation
is strong, so it can be said that the number of ads strongly affects the sales revenue.
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Monthly Sales Correlation of Radio Ads and Sales Revenue
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Figure 3.12: Example of scatter plot. Redrawn from [9].

Icons

Icons are mainly used in dashboards to draw attention to a piece of information. This is
best used when alerting to something wrong that requires attention. Alert icons should
not be visible all the time, they should only appear when its needed. So, for example, it
is not that effective when the icon is always displayed only the color changes from green
to red. When the color is green, that means everything is going fine, so there is no point
in displaying the icon. The alert icons work best when they are displayed only when the
problem arises, that is because when something is added to the dashboard that wasn’t there
before, it’s preattentively perceived as an “added mark” and that doesn’t work the same
when the color only changes from green to red.

There are two more types of icons that Few has shown in his book, up/down icons
and on/off icons. The up/down icons are used to demonstrate that a value is going up
or down compared to some other value or value in the past. The on/off icons distinguish
some items on the dashboard from others, for example, marking featured items in a list.
Many types of marking icons exist, but the most used are asterisks, checkmarks, or Xs, as
shown on the right side of Figure 3.13.

vV kv X

Figure 3.13: Up/down icons on the left, On/off icons on the right. Redrawn from [9].

Text

All of the dashboards always needs some text. Even though they should be graphically
oriented, some information must be displayed as text. Not even the graphs and other types
of graphical visualization can work without some textual description. Text representation
is best when it doesn’t need to be compared to something else; it’s standalone information.
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Drawing objects

Drawing objects can be used to clearly show relationships between objects on the dash-
boards. For example, when displaying a process, arranging events in a sequence, and using
arrows to connect the steps to indicate the flow of the process. It’s much easier to under-
stand with the connections. It can also represent the connection between entities by using
circles or rectangles for the entities and arrows or lines to connect them.
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Chapter 4

Dashboards in Racing Specials

The dashboard in racing specials is one of the car’s most essential parts. It’s the only
way the passenger or driver can communicate with the car. There are numerous types of
dashboards. Some of them are meant for the driver, and some for other passengers, for
example, navigators or mechanics. To ensure the best possible performance of the car, a lot
of KPIs have to be monitored and also visualized on this dashboard. In this chapter, all of
these problems will be discussed, along with an analysis of some existing solutions. There
will be three commercially available dashboards for general purchase and one custom-made
for the Dakar truck.

4.1 Key Performance Indicators used in Racing

The vehicle must be in its best shape to perform well in the race. The vehicle’s status
is usually monitored by a large number of sensors all around the vehicle. These sensors
provide numbers and statistics that could be considered the KPIs of the racing vehicle.
There are many different indicators in racing vehicles. Some are mainly for the driver,
such as the speed, RPMs, selected gear, etc. But some data have to be examined by other
team members, like mechanics on the pitwall (in the circuit racing) or mechanic in the car
(Rallye Dakar truck racing), the data are, for example, the temperatures of different parts
of the vehicle, pressures of liquids, and much more. To ensure the best performance and
reliability of the car, all of these KPIs should be monitored and analyzed during the race
to prevent any malfunction or, in the worst case, detect a malfunction.

Since this work is focused on the dashboard that the mechanic in a rally car has, we are
going to take a closer look at the KPIs that the mechanic needs to monitor. The information
about the vehicle can be divided into six groups: Fluid pressures, temperatures, wheel, tire,
and suspension monitoring, electrical system, engine diagnostics, alert, and error system.

Numerous fluids in the car ensure the car’s functionality, including engine oil, fuel,
brake fluid, and the hydraulic system. The pressure of these fluids significantly impacts
the vehicle’s performance. Engine oil ensures that the engine is properly lubricated, and if
the pressure drops, it could mean that there is a leak in the system. Detecting this could
prevent severe damage to the engine. Fuel pressure ensures that the fuel is injected into
the valves in the required quantities. Brake fluid pressure confirms the braking system’s
responsiveness and helps detect a leak in the system. The hydraulic system is all about
pressure and helps with power steering or suspension.
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Temperatures of different system parts have to be monitored all the time. Engine
coolant temperature has to be monitored to prevent overheating and severe damage to the
engine. Transmission temperature is highly correlated with the transmission’s performance
and longevity. Differential temperature monitoring can help the mechanic prevent issues
and also ensure functionality. If the oil in the differential gets too hot, it could break down,
leading to damage. Brake temperature is helpful to avoid brake fade (malfunction of the
brakes), which happens when the temperatures are too high.

Wheel, tire, and suspension monitoring is done to determine if the tire maintains the
pressure it is supposed to have. Wheel angle helps with better alignment and also could
help with early detection of damage to some crucial parts of the wheel hub, like axles or
knuckles. Suspension travel monitors the impact of the terrain on the suspension, which
can help with better tuning of the suspension. Damper temperatures are needed to make
sure that the temperature is in the right range in which it is functioning the best.

In the electrical system, the battery voltage and current have to be monitored to know
if the system is working as it should. Also, the alternator performance is much needed to
know if the battery is effectively charged.

The engine monitoring focuses on the air-to-fuel ratio to ensure optimal combustion effi-
ciency, and the turbocharger is also monitored to determine the boost level and temperature
to prevent and detect any damage or malfunction.

Lastly, the Alert and error system helps identify and address system malfunctions in
the form of DTCs discussed in the 2.2 section. Warning indicators alert the mechanic to
any malfunction of the whole system.

4.2 Purpose of the Dashboard

As the previous section outlined, the dashboard, which is the main product of this work, is
mainly for the mechanic who is onboard with the driver and navigator. This dashboard is
supposed to provide information about all of the vital parts of the car so that the mechanic
can ensure the driver that the vehicle is running correctly or to analyze what could be the
source of the current problem the driver is experiencing. Since the Rallye Dakar is a high-
speed race in dunes, which is really harsh terrain, it has to be as simple as possible so that
the mechanic can easily withdraw data from the dashboard. The display has to provide all
the information needed in a fraction of time and/or in really bumpy conditions.

The whole dashboard is mainly used to resolve any unwanted situation. This could be
some malfunctions of any part of the vehicle, loss of power, overheating, or anything else.
These problems need to be discovered as soon as possible in order to prevent any terminal
damage, which could lead to DNF (did not finish) of the race.

4.3 Requirements for the display

To pick the most suitable display for our cause, we need to define some requirements that
will help us with this decision. There will be four main things that will be considered when
picking the proper hardware. Environmental durability, Screen size and resolution, the
whole dimensions, buttons available for navigation between screens, and customization of
the screen layouts and alerts to provide the best possible design of the data visualizations.

Since the conditions at the Dakar rally are so harsh, the display has to be durable to
withstand a lot of dust, heavy heat, and impacts from the terrain. To provide good visibility
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during the race, the display has to provide good brightness and ideally an ambient light
sensor to adapt to the ambient light.

Size and resolution are significant deciding factors. The dashboard will be displaying
a lot of data, which is why it will be ideal if the display has 12" or the other possibility is
to use two 6” displays. The second option, however, has more downsides since the display
made for these conditions usually has some cover which can take up a lot of space. That’s
why the 12" display is a better option. To provide the best usability for the mechanic,
some buttons for navigation between the different screens and manuals should be available;
if not, the display should have some possibility to connect external buttons.

The most essential requirement for the display is the customization of the layouts and
alerts. Since this work is all about fast perception and good readability, the display has to
provide good options for custom layouts. Usually, these displays have some software where
the display could be customized, so this must be considered.

4.4 Analysis of existing solutions

This section will analyze and compare three different displays from different companies.
First, each display will be presented separately, and then the comparison will be made. The
comparison will be made based on the requirements in Section 4.3. All of the information
in this section is from the official pages of the companies that made these displays. All of
these analyzed solutions are commercially available solutions.

MoTeC C1212

2:24.3

Figure 4.1: MoTeC C1212 display and the MoTeC display creator used for layout cus-
tomization [22]

In Figure 4.1, a full color 12" display from the MoTeC company can be seen. The manu-
facturer states the readability in direct sunlight is outstanding, and the display is described
as “ultrabright” and “anti-reflective”. The exact luminance value wasn’t mentioned in any
documentation. The resolution of 1280x480 pixels provides a wide display where the infor-
mation can be clearly shown with a lot of space to work with.

Multiple connection possibilities are available on this display: CAN bus, RS232, and
Ethernet. This can provide an easy connection with ECUs or other vehicle systems from
which the information should be retrieved. There is also a possibility of multiple expansions
for this display, one of them being a data logger, which could increase the number of
monitored parameters.
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The IP65 rating that this display has is good evidence of the capability to withstand
the harsh conditions of the Dakar rally. It is built to be protected from the environment
that rally racing provides, like extreme temperatures, dust, lasting vibrations, and hard
impacts from the uneven terrain.

Customization on this display is made with an app provided by the manufacturer, which
is called MoTeC Display Creator, which can be seen in Figure 4.1. The app provides a simple
UI in which all the inputs from CAN and other connections can be prepared, and also the
layout of the display can be configured with multiple types of display media. However, you
cannot design your own media, which can limit the possibilities of the visualization. The
app also provides a possibility to simulate the dashboard, which could be helpful for testing
and customization to meet the user’s requirements. There are also some prepared layouts,
but because of the specific use in this work, they are not suitable. All the layouts that are
available in the app are not appropriate for the cause of this work since they are all made
for the driver directly. Every layout has information mainly focused on the driver, which
means that not all of the vehicle’s information is available. That’s why all the layouts would
have to be made custom with a better focus on the data that was mentioned in Section 4.1

ECUMASTER ADU5/ADU7

ECUMASTER

Figure 4.2: ECUMASTER ADU5/ADUY display and the ECUMaster Client software used
for layout customization. Retrieved from [7].

This display from Ecumaster, which can be seen in Figure 4.2 comes in 2 different sizes, 5”
and 7”. With the resolution of 800x600, it could be suitable for the second variant that was
proposed before. The High-brightness and anti-glare coating on top of the display ensures
good visibility even in direct sunlight. TF'T LCD display ensures the colors are vibrant and
sharp, which is highly needed in the Dakar rally.

Ecumaster ADU provides a CAN connection along with eight analog and four digital
inputs, which could be used to connect external buttons since this display doesn’t have any.
The ECUMaster manufacturer also provides a CAN-based keyboard that could be used
with this display. The display is compatible with a wide range of ECUs and CAN-based
devices, which could help integrate this display into the car’s already existing structure.
ECUMaster also provides modules to enable onboard data logging.

High durability is backed by the IP65 rating, similar to the MoTeC 1212 display. Since
this display is also made for racing, it can withstand the conditions without problems.

Customization on this display is done in the app provided by the manufacturer called
ECUMaster Client software, which can be seen in Figure 4.2. Multiple screens are provided
in the app that can be further customized, or the user can make a custom one. The display
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supports up to 10 different pages that could be switched between automatically or with the
external keyboard connected. The display media that can be used with this display look
advanced, but the selection isn’t as big as with the first display presented. The one thing
that this software stands out in is the statistics that the logger can provide. The driving
style and much more information could be easily analyzed using this software’s graphs.

AIM MXT Strada
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Figure 4.3: AIM MXT Strada display and the RaceStudio3 software used for layout cus-
tomization. Retrieved from [1].

In Figure 4.3, a 10” display from company AiM Technologies can be seen. It is one of
the MXT series of displays from AiM, which means it also comes in a smaller version, but
there could be some limitations. The display provides a resolution of 1280x480 pixels and
brightness of 800 cd/m? can ensure excellent visibility in direct sunlight. The contrast this
display provides is 1100:1, which provides nice, vibrant colours for data visualizations.

The MXT provides multiple connection possibilities. Eight analog and four digital
inputs are available for data inputs. For communication with ECUs CAN, RS232, or K-
Line connections can be used, which can ensure compatibility with a broad selection of
ECUs. The MXT also provides capabilities for additional modules, which can offer more
possibilities for data acquisition and functionality. The display has four side buttons that
enable navigation between the different screens.

The durability rating on this display is slightly higher than on the previous ones, it
comes with IP67 rating. That means the display can withstand the conditions of the Dakar
rally. Also, the aluminium body provides protection against any damage.

The customization on this display is made in the app called RaceStudio3, which can be
seen in Figure 4.3. This app provides customization of all the channels coming to the display,
icons on the display, the shift button can be pre-programmed to be used for predictive time,
and much more. However, there is a big downside when it comes to customizing the layout
on the screen itself. This display does not support custom layouts. The user can only
choose from different presets that are available and customize the data and numbers that
are shown. Six RGB LEDs can be customized to have various functions. To enable data
logging, this display comes with 4GB internal storage, which could come in handy in the
Dakar rally.
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Comparison

To provide a clear comparison between this three analyzed displays the table 4.1 provides
all the technical information of the displays.

Feature MoTeC C1212 AiM MXT ECUMaster ADU
Display Size 12" 10” 5" or 7"
Resolution 1280x480 1280x480 800x480
Brightness (cd/m?) Unknown 800 High-Brightness
Contrast Ratio Unknown 1100:1 Unknown
Day/Night Mode Yes Yes Yes
Analog Inputs N/A 8 8

Digital Inputs N/A 4 4

CAN Channels 2 2 2

Other Connections RS232, USB, Ethernet RS232, USB RS232, USB

Customization Display Creator Race Studio 3 ECUMaster Client
Software

Custom Layouts Yes Limited Yes
Predefined Layouts Yes Yes Yes
Custom Graphics Yes Limited Yes

IP Rating 1P65 1P67 1P65
Material Aluminum Anodized Aluminum Aluminum
LEDs for Alerts No (on display) 10 RGB LEDs RGB LEDs
External button Yes Yes Yes
support

Multi-Page Support Yes (Customizable) Limited Yes

Data Logging Optional (Add-on) Yes (4 GB) Optional (Add-on)

Table 4.1: Comparison of Displays for Dakar Rally Truck
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Figure 4.4: Custom made dashboard used in Rallye Dakar truck.

This is a custom-made dashboard that has already been used in a Rallye Dakar truck. This
dashboard is made on a display with all the requirements to withstand the harsh conditions
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of the Dakar Rally. It has a high brightness, which can provide good visibility in direct
sunlight. The display also has 12 buttons, each mapped to a different function, and one
dial that is used to edit the speed limit of the car. The display is connected to a computer
that is processing all the information from the vehicle’s sensors, which means that the data
comes to the display in an already user-friendly form.

The design of the data visualization is made with simple gauges, where each value has
its gauge with the same design. In the left part of the dashboard, a simple visualization
of the vehicle is displayed with all six wheels available on the car, including two reserve
wheels. The visualisation of the data on this dashboard is very simple, and the use of the
same visualization media for each of the values could confuse the user. The gauges don’t
provide any reference or anything else that could help the mechanic with a quick check if
the values are in the ideal range. This is a significant downside of the dashboard. It is not
really built for fast perception, and the visualization media is outdated.
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Chapter 5

Proposal

In this chapter, a proposal for a modern fast-perceptive dashboard will be made. The
proposal is made for a dashboard used by mechanics in a rally car. The main goal of
this proposal is to make data visualization in a style that enables fast perception and
doesn’t include any unnecessary information or graphics. It’s designed to provide as much
information as possible in a short amount of time. The proposal is made for a 12" display
and 1280x480 pixels.

The purpose of this proposal is to replace the old-fashioned visualization styles. The
dashboards available now on the market, as can be seen in Section 4.4, provide a good
looking dashboards with information prepared for the driver, using gauges and other styles
of visualization that are not as fast perceptive or doesn’t provide the level of detail needed.
Most of the dashboards from different companies are more focused on the style than the
usability. They include a lot of non-informative ink, which can prolong the time of per-
ceiving the information and takes much more space than needed. The replacement data
visualization display will be explained in the next sections.

This proposal will include two different dashboard designs. First is a design made only
with the information this work provides. The display media used were selected based on
the assumptions of what could be the best for the mechanic and what could provide the
ideal amount of information and detail. The second design that will be proposed is the
edited dashboard design after consultations with Ing. David Svida, Ph.D., and Ing. Martin
Beran, engineers from one of the Rallye Dakar teams, who have a lot of experience from
rally racing.

5.1 First design

Since the dashboard is made for the mechanic, it visualizes only information about the live
condition of the car. It is divided into seven parts where each part is designated for different
types of information, for example as can be seen in Figure 5.1, in the top left part of the
dashboard the temperatures of the different parts of the car are visualized and in the top
right corner the pressures are. This way, the dashboard provides information of the same
context in the same place, so the user doesn’t have to look all over the display. The most
needed information on this dashboard is represented by visualizations, not only numbers,
so a quick look at the dashboard can provide the needed information.
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Figure 5.1: Proposed dashboard
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Figure 5.2: Part of the dashboard where the temperatures are displayed.

In these two sections, the temperatures and pressures of different car parts are visualized.
I used the bullet graph, which is explained in Section 3.4. The display media used for
temperatures in most of the existing dashboards are usually a classic bar graph, or in
the worst case scenario, the thermometer graph, and the pressures are usually visualized by
gauges. The bar graph could work if the user doesn’t need as much detail, but in a situation
such as a rally car, the detail is much needed. The user needs to know the comparison to
the range in which the temperature needs to be, which the bar graph doesn’t provide, but
the bullet graph does. The problem with the thermometer graph is that it also doesn’t
provide any reference and takes up a lot of space. Gauges for the pressures can be a good
visualization medium, but they take up a lot of space, and that’s why the bullet graph is
also better for this. The shortcuts next to the graphs, which represent the information the
bar graph is visualizing, are also color-coded; the shortcuts change colors according to the
value, which can help with faster discovery of a problem.
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Wheel system

WHEEL SYSTEM

34-c 34
3.6bar 200 200 3.6bar

34-c 34-c
200 200 3 6oar

Figure 5.3: Part of the dashboard where the wheel system is displayed.

The wheel system part of the dashboard represents all the crucial information about the
tyres, brakes, and dampers. In the middle, the purple bars represent the brake temperature;
the bar changes colour according to the temperature, which is also represented by the
number next to it. The big green parts are the wheels; this part also changes colour
according to the temperature. In the wheel, the temperature and the pressure are also
represented by numbers. The last part of the wheel system is the damper; the bar graph
next to the wheel represents how much the damper has been compressed. The white line
on the damper bar represents the value to which the damper should come at most; this
way, the mechanic can see if the damper is being compressed too much, which can reveal
possible damage or malfunction.
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Figure 5.4: Part of the dashboard where information about fuel are displayed.

This section of the dashboard includes information about fuel. On the left side, there are
two graphs. The one on the top represents the amount of fuel remaining in the tank,
usually on the dashboard it’s represented by a gauge, but I chose to use a simple bar graph
to save space. The one on the bottom is a bullet graph representing the pressure in the
fueling system. The next information represented in this section is the consumption of the
fuel. The first graph represents the instantaneous fuel consumption, and at the bottom,

35



the average fuel consumption is represented by a simple number. The last part of this
section is the air-to-fuel ratio, which represents the richness of the fuel being injected into
the engine. There is a graph to see where the index is on the scale, and under it is a number
representation of the same value.

Turbocharger
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Figure 5.5: Part of the dashboard where information about turbo is displayed.

This is a representation of the state of the turbocharger. Two bullet graphs represent the
temperature and the pressure that the turbo is pushing. Both visualizations have the same
style of bullet graph in order to provide the range in which the values should be. The
turbo’s pressure and temperature are positioned directly beneath each other, allowing for
quicker verification that both values are within the acceptable range.
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Figure 5.6: Part of the dashboard where information about battery is displayed.

The last graphic part of this dashboard is data that represents the current and voltage in
the battery. The information is only displayed as numbers because the value doesn’t change
as much and is mainly used to check if it’s still the same. However, it is good to know if
the values are maintained. If the values drop to critical numbers, the color coding of the
numbers will change to let the user know there is a problem with the system.
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5.2 Second design
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Figure 5.7: Final design of the dashboard.

This second design, which can be seen in Figure 5.7, was based on recommendations and
requirements of Ing. David Svida Phd. It is also made with a focus on fast perception and
not having any unwanted information that could fill the whole display without any purpose.
The design has changed a lot since the first one, that’s because after consultations with Ing.
David Svida, Phd. I could understand the topic better and could focus the design more on
what fits the use best.

The dashboard is divided into three parts, as seen in Figure 5.7. The first part in the
red box is designated for the most essential information about the car, which includes the
tyres, differentials, and also the retarder'. The second part in the blue box is a part of
the dashboard dedicated to all the values that the mechanic needs to monitor the vital
functions of the vehicle. This whole part is built from info tiles, which are all the white
boxes that fill this whole part of the dashboard. And the last part of the dashboard is
dedicated to error messages.

Essential info

Figure 5.8: Part of the dashboard with the most essential information.

LA retarder helps the truck slow down, especially on long downhill slopes, without overheating or wearing
out the normal brakes.
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This part of the dashboard contains information about the temperatures and pressures in
tires, differentials, and the retarder. The tire component is color-coded and signals the
pressure in the tire. If the pressure is more than one bar, the tire is green. When the
pressure drops below the one bar limit, the tire turns yellow to signal the mechanic that
the tire is running low on pressure and that he should refill the tire. When the pressure
drops below 0.5 bar, the tire turns red, which signals that the tire is really low and that
there could be a puncture in the tire. Four tires are currently on the vehicle, and the
bottom two are reserve tires that are on the back of the vehicle.

The middle parts between the tires are dedicated to the front and back differentials,
and the middle one is for the retarder. These components ensure the correct power distri-
bution for the front and back axles, which is why they are essential parts of the dashboard.
These components are also color-coded, which means that the whole block turns red if the
temperature goes out of a predefined range.

Vehicle Status Panel
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Figure 5.9: Part of the dashboard with information about almost all of the systems in the
vehicle.

In this part of the dashboard, all of the vehicle status information is displayed. It is divided
into nine boxes, where each box is dedicated to a different part or system in the vehicle. The
first box is dedicated to information about the speed of the car. It has basic information,
which contains RPMs, speed, and the speed limit of the car currently set. The second box
is the gas pedal, which shows how much the pedal is pressed. The third box is related
to the turbocharger, pressure, and RPMs of the turbocharger are displayed here, along
with the arrow, which shows the trend of the maximum boost. The arrow that is available
here is here so that the mechanic could analyze if the turbo maximum pressure is stable
or dropping. This can help the mechanic to verify that the turbo is working as it should.
The fourth box in this section is dedicated to oil. The fifth and sixth parts of this section
are about water and intake. These parts are the same and only display the temperature
of the cooling system and the air intake. The seventh part of the section is dedicated to
the braking systems. These should always be the same, which is why the two bars are
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in the middle; it helps with comparing the two values. The eighth part of this section is
information about the fuel system, including pressure, temperature, and remaining fuel.
The remaining fuel is a stacked bar graph because the truck has four different tanks, and
the stacked bar displays the distribution of fuel. The last part of this section is the battery
voltage and current.

The bars that display the values in this part of the dashboard are not basic bars that
display values in a set range. To ensure that something is always displayed in the bars,
I made a nonlinear bar. This was made based on consultation with Ing. David Svida, Phd,
after he suggested that when the vehicle is started, the values are not in the ideal range that
is set for each value, and it could lead to misunderstandings. The bar graph is loading from
zero to the start of the ideal range in the first quarter of the bar, and the remaining three
quarters of the bar are designated to the ideal range. This could also help the mechanic to
ensure that all the sensors around the vehicle are working and sending some values.

As can be seen in Figure 5.9, the bar graphs that are used to display the values are
aligned under each other. Since the bars are designed so that the bar graphs are in the
middle, when the value is in the ideal state, the alignment helps with checking if the values
are in a relatively good range. If the mechanic looks at the dashboard and sees that the
bars are aligned in the middle, he already knows that all of the values are good. If anything
is going out of the range, that will lead to the bar being on one of the sides of the bar, and
it could be easily identified.

Error messages
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Figure 5.10: The dashboard with error messages displayed.

The last part of the dashboard is dedicated to errors. These errors are displayed as a box
with an icon of what part of the vehicle the error message is related to, as well as information
on what happened. When an error is displayed, the part of the dashboard that the error
is related to turns red to enable a quicker visual connection between the error and the
part of the dashboard it is related to. These error messages are raised based on predefined
intervals in which the value should be. If the values go out of the range, the error message
is shown and is displayed until the mechanic clicks on the error message. This ensures that
the mechanic sees the problem and can acknowledge that he has seen it.
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History graph
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Figure 5.11: Sparkline displaying history of the value.

This graph, which can be seen in Figure 6.1, was designed to help the mechanic evaluate
what could be the problem when anything happens. After clicking on the box that contains
the desired value, the corresponding history graph will be displayed for the mechanic. The
graph has two available details of the value. The first is 15 minutes and the second is 30
minutes. This is a simple graph that only displays the historical trend of the selected value,
which is why the Y axis does not have any values on it. It will be displayed over the whole
display; that’s why there is also a back button, which will get the user back to the main
dashboard.

5.3 Architecture of system

The outcome of this work will be a prototype in the form of a web application where the
functionality of this dashboard will be demonstrated. Since this whole app will be just
a prototype used to find the best possible solution, all of the visualization will happen on
the frontend of this application. The app will be made using React and some React charting
libraries.

In order to test the outcome of this work data simulation will be needed. This will be
made with simulation recorded data from the app, and then parsing the data and displaying
it in a set interval. For example, if the file for simulation will be in .csv format, the user will
upload the file, the app will parse it, and then send the data row by row to the dashboard
to make it look like it streams directly from the car.
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Chapter 6

Implementation

As T already mentioned in Section 5.3, the main goal of this work was to make a prototype
where I could demonstrate my proposal for the dashboard. The prototype is a web applica-
tion where the frontend is made with React and TypeScript, and unlike the proposal stated,
it also has a backend, which is made using two technologies: Express.js for the REST API
and a WebSocket server for the live-data stream.

The communication between the client and the server of this app is visualized in Fig-
ure 6.1. The front-end passes the uploaded CSV through the REST API to the backend,
where the real-time data is simulated and sent back to the front-end via the WebSocket
connection. Other communication that happens between the two is requesting the history
CSV files from the API when needed. The last is sending the simulation control messages
via the WebSocket connection.

Backend
CSV upload
7\ REST
/History CSsVv files\ API
Frontend
Simulation control
messages i
. WebSocket

, Simulated data
N\

Figure 6.1: Communication diagram.

All endpoints and ports that are used for communication between the client and server
can be seen in the table 6.1. In the endpoint /api/data/:sensor, the “:sensor” is replaced
by the name of the sensor for which the file is requested. So if the frontend needs the record
of oil temperature, the endpoint will be /api/data/0ILTEMP.
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Method Endpoint / Port Description

POST /upload-csv Uploads CSV data in JSON format to initialize
the simulation.

GET /api/data/:sensor | Retrieves historical CSV files for a specific sen-
SOT.

WebSocket | 4001 Used for sending the control messages and the

connection live data

Table 6.1: Backend communication endpoints aligned with the communication diagram.

In Figure 6.2, the whole app, ready for prototype testing, can be seen. There is a control
panel used for running the simulation in the top left corner of the figure. Each button sends
an appropriate message to the backend through the WebSocket connection. The CSV file
used for the simulation is also uploaded through this control panel. After uploading, it is
sent to the backend via a post request for further simulation. How the simulation is made
will be explained in Section 6.2.

Add CSV File Start

OIL oV ¢ )
PRESSURE E
bar

INTAKE || EGT2
0 :
]

PRESSURE

Qbar
)

TEMPERATURE

TURBO
PRESSURE

0c

Figure 6.2: Web application made to present the prototype of the dashboard.

6.1 Dashboard

Some changes to the dashboard design were made during the implementation process. The
changes were made based on preliminary testing sessions with Ing. David Svida, Phd.
that happened during the implementation process. These changes will be explained in the
following paragraphs.

Firstly, there were a few additions which can be seen in Figure 6.3. The first is the whole
EGT?2 info tile. It contains the temperature of the exhaust gases. The next addition is the
analog water temperature sensor. This is crucial information that has to be always available,
so in case one breaks, the other is still available. The last addition to the dashboard is the
current time.

In order to provide a bigger space for the error messages on the right side of the box
the the battery info tile from which the current was removed was moved to the top of the
screen. Also, the remaining fuel bar was changed to a simpler and shorter visualization.
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To ensure that the info tiles fit nicely into the middle part of the dashboard, some of them
were moved to a different position.

Another change was that the trend arrow that was before, next to the turbo pressure,
was replaced by a percentage. You can see this change in Figure 6.3. This percentage
on the dashboard represents how the actual turbo pressure compares to the demanded
pressure, which is also part of the dataset used for testing. The last change that was made
was moving the engine RPMs to the same tile in which the gas pedal percentage is shown.
These two values are highly related, and that’s why Dr. Svida recommended putting them
together.
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Figure 6.3: Implemented dashboard.

Context

To be able to share data across every component in this dashboard, I implemented a context
provider. The implementation of the context can be found in the file FileContext.tsx.
This context provides a centralized state management solution for handling the sensor data
and control commands within the application. It is set up using React’s Context API',
which allows data (such as live data and error states) to be shared across components with-
out the need for prop-drilling. In order to make the context available in any component
wrapped inside the FileProvider, the custom hook useFileData is used; this hook con-
sumes the whole context and makes it available for all the components. This hook has to
be called in every component that wants to work with the context.

value={{
liveData,
sendControlCommand,
s
s

hasTurboError,
hasFuelError,

O O 00O Uk W

[y

1

Listing 6.1: Contents of the shared context.

In Listing 6.1, all of the contents of the context can be seen. The liveData highlighted
in red is a bit self-explanatory. It provides the live data streamed from the server. The

"https://react.dev/learn/passing-data-deeply-with-context
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sendControlCommand is a function that is utilized in the control panel component. It is
used for sending messages to the server side of this application. The yellow part of the
context is used for error handling. Firstly, errorMessages is an array containing all the
currently thrown errors. The next two functions highlighted in yellow are used to clear the
currently thrown errors. The hasError flags highlighted in green are used to identify if any
errors are present in the data shown in the info tile. There is one flag for each of the info
tiles.

Error handling

The monitoring of the errors is handled in the file named useErrorMessages.ts. This
hook is responsible for all the error generation and discovery. In this file, all of the ranges
in which the values should be moving are defined.

When an error occurs, it has to be written into the errorMessages array available in
the context. The messages are inserted as objects in the following form: { "error type",
"error message" }. The error type is later used during the generation to display an
appropriate icon, and the error message contains information about what is wrong. When
the object is added to the array, the new error message is automatically displayed in the
list on the dashboard.

To change the appearance of the info tile connected to the error found, the appropriate
hasError state in the context has to be changed to true. This automatically triggers the
change of the info tile to the red visualization.

Component library

When implementing the dashboard, I focused on the scalability and easy configuration
of the different parts of the dashboard. All of the info tile that are in the dashboard
has their own dedicated React component. The only parameters that these components
require are the displayed values, which are available in the context, the designated hasError
flag, and lastly, to help with testing of different bar colors, the bar color is inserted into
each info tile. In order to quickly change the colors of all the bars on the dashboard,
the same variable is inserted into all of the components. To access the individual values
from the liveData structure available in the context, the following command is used:
liveData."value name".

For visualizing the data in the info tiles, I made a component library that provides
all the used visualizations. Most of these components are custom-made in order to meet
the requirements of my work. These components are reusable to provide a possibility of
usage in any further project. In the following paragraphs, all of these components will be
presented and explained.

mm | 15 I
x1000 85% 849L
74T
(b) (c) (d)

Figure 6.4: Custom bar display media: a) number bar, b) inverted number bar, ¢) RPM,
d) remaining fuel
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The first four components available in the library are all different modifications of a bar
graph. The first two visualizations, number bar 6.4a and inverted number bar 6.4b, are
implemented in a single component, and in order to change between these two, the prop
“inverted” is used. However, there are more possible modifications that this component
offers. The second modification is the selection between the linear and nonlinear bar. If the
nonlinear bar is selected, the actual range of the bar is displayed on the last three quarters
of the bar, and the first quarter is used to display the value when heating up. The last
modification is whether the trend arrow should be displayed or not. The min and max
values of the bar, along with the unit, are inserted into the component as parameters.

The trend arrow used in the number bar component is also implemented in a single
component to add the possibility of reusing the trend arrow in different visualizations. The
trend of the value displayed is calculated based on rolling averages. A rolling average is
the average of a set of values within a moving window, where the window ,rolls* forward
as new values are added and old values are removed. Every time a new rolling average is
calculated, it is compared to the previous one, and the percentage change between these
two values is calculated. The equation used for this calculation can be seen in Equation
6.1. Then, based on the min and max thresholds, which are defined as parameters, the
upward or downward arrow is displayed. The width of the rolling average can also be set
as a parameter. This changes the frequency at which the values are compared, therefore it
makes the arrow more or less responsible.

Current Rolling Average — Previous Rolling Average
Percentage Change =

x 100 (6.1)

Previous Rolling Average

The third visualization that can be seen in Figure 6.4c is a vertical bar made specifically
to visualize the RPMs of different parts of the dashboard. The multiplier displayed under
the value is set by a parameter, and also the min and max values of the whole bar. This
bar is used to visualize the engine and the turbo RPMs in the dashboard.

The last of the bar visualizations that are made in this library is the remaining fuel which
can be seen in Figure 6.4d. This is a simple bar visualizing the percentage of remaining
fuel and also how much is left in the tank. This component only requires the min and max
values of the bar and, of course, the value itself.

33
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Figure 6.5: Custom display media: a) percentage gauge, b) wheel, c) speed sign, d) tem-
perature box

Another display medium that is made for these visualizations is the wheel component.
This is the single wheel that is used to visualize the temperatures and the pressures in
the tires. The background color is connected to the pressure being visualized in the given
wheel. So if the pressure is under one bar but higher than half a bar, then the wheel is
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yellow, and if the pressure drops below half a bar, the background turns red. Other than
that, the tire is always green.

The gauge visualization is built using the ArcGauge from the @progress/kendo-react-
gauges® library, which is part of the KendoReact UI component suite by Progress. This is
a basic gauge that just requires the value that should be displayed and some settings on
the visual side of the graph, and everything else is handled by the library.

The last two components in the library are the speed limit sign 6.5¢ and the temperature
box 6.5d. The speed limit sign is a simple visualization that changes the speed limit based
on the inserted value. The same with the temperature box, this is used when only the
number is required for some value. However, the temperature box also offers the error
visualization as can be seen in Figure 6.5d

The whole dashboard is then built in the file Dashboard.tsx, where the positioning
and settings of the boxes are done. This file also implements the generation of the list with
the error messages on the right side of the dashboard based on the errorMessages array
from the context. For every message inside the errorMessages state, a new instance of the
ErrorMess component is created.

ErrorMess component is represented by the red box on the right side of the dashboard,
on the right side of the dashboard, where it displays the error message. This can be seen in
Figure 6.3. Since the objects in the errorMessages state are in the format as was already
explained, the first part of the object “error type” is used to choose which icon should be
displayed in the error message box. The other part of the object from the errorMessages
state is the message itself, which is written next to the icon in the error message box.
The whole ErrorMess component is clickable, and after clicking on the error message, it
will be removed, and also the connected box on the dashboard will be changed to the
normal visualization without the red background. This is done by calling the function
dismissError (), which was already explained before.

History graph

The final implemented version of the history graph is exactly as proposed, which could be
seen in Figure 3.10. The graph is generated from history CSV files, which are being con-
tinuously updated with every new value. The graph provides two possible history windows
to show. One is 15 minutes and the second is 30 minutes back. This is generated from
the same history file, the only difference is that when the 15-minute visualization is chosen,
only the first half of the file is filtered out from the array representing the whole 30 minutes.

The CSV files that are used for the history graph contain a series of rolling averages
calculated from the live data. How long the rolling average is can be set differently for each
value, so if a bigger detail is needed, it could be done. This rolling average is implemented
to smooth out the line that will be generated from these values. All this rolling average
calculation and also the file generation are handled on the backend. With every new value,
the function addSensorValue() is called. This function adds the currently inserted value
into an array from which the rolling average is calculated after the given time window.
These averages are then logged into the files with the current timestamp. If the file with
the history is already 30 minutes long, the oldest value is removed and a new one is added.
Each value has its own file to ensure consistency in the logs when each value has a different
time window for the rolling average.

Zhttps://www.telerik.com/kendo-react-ui/components/gauges
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After clicking on the info tile in the dashboard, the user will be redirected to the history
graph. The boxes that have these features available are: oil, air, turbo, intake, EGT2, fuel,
and water. After clicking on the box, an API request is sent to fetch the needed files for
the generation. The API endpoint /api/data/:sensor is used for this communication, so
when the frontend needs any file for any sensor, it simply fetches the file from this endpoint
by replacing the “:sensor” with the name of the sensor.

After the history file is received on the frontend, the file is parsed and filled into an array
from which the graph is generated. The array is filtered based on the range that should be
displayed. Then, if the file is not long enough, for example, the dashboard was running only
eight minutes, the remaining part of the array is padded with zeroes to ensure the scale on
the dashboard is accurate. Then the whole array is inserted into the LineChart component
from the Recharts?® library, where it is rendered as a line representing the sensor’s value
over time, with a custom X-axis showing relative time (e.g., “-5:00”) from the latest data
point. If the clicked info tile contains two values, both are displayed in the graph as can be
seen in Figure 6.6.

-12:00

O ARL ® AIR2 LAST 15 MINUTES

Figure 6.6: History graph displaying two values at once.

6.2 Data Simulation

As was already mentioned before, the whole simulation is run from a CSV file. This file
needs to contain a header where the columns are set. Therefore, the values can be identified.

The delimiter used in the file for separating the columns has to be “;” since in the Czech
Republic, the “,” is used as a decimal point, which is also the case in the file from Dr.
Svida.

The file provided contains nine minutes of recorded data directly from the vehicle,
sampled at a frequency of 10Hz, meaning the data was recorded every tenth of a second.
The entire simulation is based on this data format.

Shttps://recharts.org/en-US
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Figure 6.7: Diagram of the data flow during simulation.

As can be seen in Figure 6.7, when a user uploads the CSV file, it is sent straight to the
backend via the /upload-csv endpoint. When the file arrives on the backend, it is parsed
using the Papa.parse’ library is a JavaScript object. The resulting array is then inserted
into the originalData variable and is waiting for the simulation to start.

Now the server is waiting for the start message from the client. When it arrives, the
server starts the iteration through the array of live data. A new row of data is sent to
the client through the WebSocket connection every 100ms to simulate the 10Hz sampling
frequency. This simulation runs until the whole array ends or until “pause” or “reset”
message arrives. The pausing of the simulation is handled by the flag isPaused, which
is controlled at the start of every iteration. If the reset message arrives the iterating is
stopped as well and all the buffers used to track the history of the values are cleaned. Once
the data arrives on the frontend, they are inserted into the liveData variable available in
the context, which triggers all the components to reload with the new values.

“https://www.papaparse.com/
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Chapter 7

Testing

The dashboard was tested with four consultants who are experienced in the world of the
Dakar Rally. The first two consultants were already mentioned before, Ing. David Svida,
Phd, and Ing. Martin Beran, engine designers for the trucks directly, and also a mechanics
responsible for engine monitoring. The third person who had a look at my dashboard was
Jan John, who attended the Dakar rally more than six times as a mechanic responsible for
servicing the vehicle between stages, and who provided valuable insights based on hands-on
experience with post-stage diagnostics and repairs. Filip Skrobanek is the next consultant
who tested my dashboard. He is a race mechanic who attended several Dakar Rallyes
as a mechanic directly in the car. And the last consultant I was testing with was also
a mechanic, directly sitting in the car during the stages, and his name is Radim Kaplanek.
All four of the consultants I was able to test with and evaluate the results of my work were
highly experienced in the field I was making this dashboard for, which means that their
opinions matter the most.

The first plans for testing were also to get the prototype into the truck directly; however,
that could not happen because of the time schedules and the costs of the testing itself. The
teams test their vehicle only a few times a year. Because of this, we were not able to execute
the tests directly in the vehicle, which could have led to some interesting discoveries. But
the insights that I got from the simulation testing are also very valuable information.

7.1 Testing scenario

Since the testing could not have been done in the real vehicle only the simulation, which
was described in Section 6.2 was used for presentation of the dashboard. In order to show
all the features, I made a demo.csv file. This file contains values that change in a way
that demonstrates the features. For example, to show how the color coding of the wheels
works, the pressure of the front left tyre is changing from three bars to a third of a bar.
This way, all three states of the wheel are demonstrated. To show how the error messages
work, the oil pressure is changing from three bars to a third of a bar. This will display the
error message since the range of the oil pressure is set from 0.6 bar to seven bars. On this
value, the trend arrow can also be demonstrated since the values are always changing in
a significant amount. The last special value that this dataset has is the oil temperature. At
the start of the file, the temperature goes from 20 to 100. This way, the nonlinear bar can
be demonstrated. To demonstrate the functionality of the history graph, the simulation
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was run in advance to ensure that sufficient data had been logged by the time the graph
was displayed.

7.2 Testing results

The first tests with Dr. Svida and Ing. Beran were done to gather as much information
as possible in order to provide the best possible solution. The base of the current dash-
board, which could be seen in Section 5.2, was made mostly from the combination of the
information he provided and the theoretical background that was explained in the first few
chapters of this work. However, after making the prototype of the dashboard that was
proposed in the section mentioned before, one more test was done with only Dr. Svida,
where the changes explained in Section 6.1 were made. His opinion on the dashboard as
a whole was that it could be highly usable in the environment it was made for, and that
all of the features the dashboard provides could be a good contribution to reaching better
results in the race.

Testing with Mr. John, Mr. Skrobanek, and Mr. Kaplinek had the same scenario.
I presented the dashboard in the way that was explained in Section 7.1 and after they
provided their thoughts and what could be improved or added.

First was Mr. John, who inspected the dashboard from a different point of view. As
someone who is not in the car directly. There were a few changes he suggested. First, the
speed of updating the information on the dashboard is a bit too fast, and it could distract
the mechanic while trying to find some information. What he suggested was that the values
that are rather stable and do not frequently change could be updated less frequently, only
when they get closer to the end of the set range, the updating speed will be faster. For
example, let’s take the oil temperature into consideration. The working range of this value
is from 90 to 120 °C. However, the temperature mostly fluctuates around 105 degrees. In
this case, the frequency of the updates of the value could be only about two Hz. However,
if the temperature gets near the end of the range, for example, five degrees from the start
and the end, the updating frequency could get back to the 10Hz that it normally was. The
second change that he proposed was that he would appreciate a button that would log
an event into some file from which he could later, after the stage, look up the events and
find what could have caused the issue that was happening at the logged time. However, his
overall opinion on the dashboard was positive. He highlighted the clarity of the information
and also that it provides all the information that could be needed for the race.

Mr. Kaplanek is currently using the dashboard that can be seen in Figure 4.4. His
opinion was that my solution is a better way of providing clarity and also the fast perception
of the values that are mostly needed. However, he also had a few comments on what could
be improved in my provided solution. He noted that the connection between the dashboard
element and the corresponding error message is well-designed, but expressed concern that,
during a race, direct sunlight on the screen could cause him to overlook a newly displayed
error. For this, he provided two possible solutions that could fix this possible issue. First is
that the background of the whole dashboard could change to red or even start blinking red
when the error appears. This will be much easier to see even in the bad lighting situations.
The second opinion that he had was that the part of the display which is dedicated to
the error messages is taking up a lot of space, and that during the race, not as many
errors happen. What he would appreciate is that the part of the dashboard with all the
information would stretch to the end of the display, and when an error happens, it will
narrow down to the form it currently has, and the error messages are also displayed in the
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same way. This could provide better visibility on the values, and the errors will draw bigger
attention because of the bigger change on the display. Mr. Kaplanek also stated that he
would like to have some audible signaling when the error happens so that he doesn’t have
to look at the dashboard all the time.

The last consultant who gave me feedback on the dashboard was Mr. Skrobanek. His
first impression of the dashboard was that it had a clean and visually appealing design, and
that the visualizations were easy to understand at first glance, which is essential in such
environments. He complimented the display of the error messages and said that it would
be easy for him to spot the error message. He also likes the fact that the color coding of the
tires is changing based on the pressure in the tire, since that is the most crucial part of the
car. However, he had a few things that he would like to add or change. The current solution
that Mr. Skrobanek is using in the vehicle he is currently racing in has a bit different way
of displaying the information.

In his solution, the dashboard is divided into three different screens that he can choose
between. The first screen includes information about the tires, the second is dedicated to
temperatures, and the last to the pressures. This way, if he finds any problem in the values,
he can stay on the screen where he can monitor this and see better details of the values.
However, the display he is using is only 8", which is 4” smaller than the one my dashboard
is designed for. He said that my solution could be better, but that he would need to test it
in real conditions. Another change that he suggested was that he would like to acknowledge
the errors with an external button rather than clicking on the screen directly.

He would also like to have a possibility to turn off the sensor completely. This could be
helpful in case some of the sensors break and are sending wrong values, which will lead to
permanently displaying an error message. Also, when displaying the whole error message,
he stated the same as Mr. Kaplanek, he would also like the whole display to blink when
an error message is displayed. However, unlike Mr. Kaplanek, Mr. Skrobanek would want
this to happen only when an error with oil, cooling water, and fuel happens, since these are
the most essential values. The next change he proposed was to add an outside temperature
value. This could help with identifying some problems connected to temperatures. The
last addon that Mr. Skrobanek would like to have on his dashboard is more connected to
his comfort rather than the performance of the car; however, that is also a very important
thing. He would like to see the average speed of the car so that he could calculate the
remaining time to the end of the stage.

7.3 Proposed extensions

I prepared a list of extensions that could help with improving this dashboard. All the
extensions were made based on the testing results. The first proposed extension is that the
whole dashboard will start blinking red if any error occurs. This could help with drawing
attention to the dashboard and lower the chances that any error will be left unseen. The
second extension I propose is stretching the dashboard across the whole display. This
way, a better detail on the values could be provided. However, this also means that the
visualization media will have to be redone to fit the width of the dashboard better, and
with more space available, maybe provide more information. The third extension is that
the error messages will be cleared by an external button. This could help in a race when
the display sensitivity may be limited. Another button that should be added is a button to
turn off the sensor completely. The reason for this extension was already explained before.
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7.4 Conclusion of testing

The outcome of the testing indicates that the current solution I provided is largely effective
and shows strong potential for real-world use in a racing environment. The visualization
media that were chosen for the values are easy to understand and provide a suitable amount
of detail. The changes everyone suggested were mostly based on personal preferences and
what they are currently used to. However, there is one thing that was not mentioned in this
testing, which is the Historical graph my dashboard provides. That is because the opinion
on that was mostly the same for every individual. They stated that this historical sparkline
that my dashboard has will probably not have any direct use. That’s because during the
race, there is no time to study the cause of the problem. And also, seeing just one value
in the graph is not enough information to come up with a conclusion. However, Dr. Svida
and Mr. Skrobanek said that if there were any graphs that combined values like the turbo
boost and the gas pedal position, it could lead to some useful assumptions.
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Chapter 8

Conclusion

The Dakar Rally is an extreme motorsport event that places unique demands on both
vehicles and teams. To make sure that the vehicle is in the best possible state, detailed
monitoring of the vehicle is needed. The vehicles are mostly monitored, controlled, and
repaired between the different stages of the Dakar Rally. However, the vehicle’s state also
has to be monitored during the race. This is ensured by the onboard dashboards used by
the team. The mechanic riding onboard has the most detailed dashboard in the vehicle.
The visualizations on the dashboard have to be as intuitive and fast-perceptive as possible.

There are numerous existing solutions used to display the needed information. However,
they often don’t offer effective visualizations and are more focused on the information that
the driver in the vehicle needs to know. That’s why this work proposes a dashboard that
contains all the needed information about the vehicle, error handling, and also a history
graph. The data that is displayed on the dashboard has to be visualized in a way that
is easiest to comprehend. That’s why visualizations such as bars, gauges, and others are
used. All the visualizations used in this dashboard are custom-made. They provide the
much-needed simplicity and easy perception.

The full dashboard implemented in this work was made based on consultation with Ing.
David Svida, Phd. and Ing. Martin Beran. They are both engine designers and mechanics
with experience from several Dakar rallies. Some features which are designed to help with
better monitoring of the vehicles state are: a nonlinear bar used in the dashboard to provide
information about different values, trend arrow which enables monitoring of the evolution
of the value, error message system which requires users acknowledgment to make sure the
error has been seen, and also the history graph which displayes the historic evolution of the
value.

All the proposed visualizations were implemented in a prototype of the dashboard in the
form of the web application. This enables testing of the dashboard since it also implements
a simulation, which takes the recorded data from the vehicle. This simulation was used
during the testing with a wide range of people with direct experience from the Dakar rally.
The results of the testing evaluate the proposed solution, where the people who tested the
dashboard stated that the dashboard could have good usability in the real race. However,
there are also a few proposed extensions which could possibly enhance the functionality of
the dashboard, such as: more visible error indications, possibility to turn off a sensor, and
a few more.
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Appendix A

Contents of the external storage
media

 source/server — server part of the app
 source/client — client part of the app

— /src — all components of the web

— demo.csv — CSV file to show all the features of the dashboard
e This file in pdf.

e source-latex — folder with all needed source files for building this document
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