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ABSTRACT The recent rise of intelligent transportation systems (ITS) has challenged the integration
between different data sources. Reaching the goal of sustainable mobility requires properly managing and
merging information coming from the vehicle (intra-) and information coming off the vehicle (inter-).
In this paper, we provide a proof-of-concept leveraging on data merging between intra- and inter-networking
presenting our framework: Petrol-Filling Itinerary Estimation aNd Optimization (PIENO). PIENO is a
system that not only automates the search for the best fuel station but also paves the road to significant
reductions in fuel consumption, making eco-driving a practical reality from a user perspective. The PIENO
framework is designed to be fuel-type independent, ensuring its adaptability to different vehicles and
conditions. It achieves this by merging data from the vehicle through a CAN Access Module (CAM) and data
outside the vehicle through a mobile application connected to the internet. Different domains are stressed to
reach the goal: microcontroller and OEM to retrieve the fuel level from the car, national authorities to retrieve
the daily fuel price, Al models to predict the price trend for the next days, and algorithms to compute the
best fuel station and the best time to fill. The modularity of PIENO allows it to adapt to different OEMs by
modifying the intra-network interface to properly collect the fuel level, as well as to adapt to different markets
and countries, retrieving the station’s locations and fuel prices by modifying the inter-network interface.

INDEX TERMS Artificial Intelligence, cloud computing, edge computing, intelligent transportation
systems, microcontrollers, mobile communication, mobile applications, smart mobility, smart transportation,
time series analysis, vehicle-to-everything.

I. INTRODUCTION

These recent times, characterized by uncertainty, are the sou-
rce of arduous challenges, among which, especially the
environmental ones, make everyday life more difficult. The
cause is to be sought, in particular, in excessive human-caused
emissions, that between poor management of transportation
and power generation represent the second highest risk
factor for noncommunicable diseases [1]. Many solutions
can be found in the transportation field, like transitioning
to low-emission public transportation or switching to fully
electric vehicles [2]. Yet, these solutions require time and
funds that can not be invested in the short term. What can
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we do in the meantime? Thanks to modern communication
technology, we have unprecedented opportunities to reduce
our carbon footprint and optimize our trips. In particular,
V2X communication technologies integrated with cloud
computing enable the development of Intelligent Transporta-
tion Systems that can acquire data from vehicles and run
optimization algorithms based on vehicle parameters and the
surrounding area.

This is where PIENO fits in. PIENO is a framework
that integrates existing technologies, such as OBD-II, CAN
Bus, and cloud services, to enable the implementation
of future evolutions of Intelligent Transportation Systems.
In particular, PIENO intends to help drivers optimize their
refueling routes. By acquiring the data from the vehicle and
sending it to the cloud, PIENO creates a digital twin [3] of
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the car, where information about fuel type, tank capacity, and
fuel level are stored in order to guarantee a more precise
and personalized optimization. Starting from this proof of
concept, the end goal is to create a fully integrated and easy-
to-use system accessible by every vehicle owner, regardless
of their technical proficiency.

This paper is organized as follows. Section II introduces
works related to PIENO. Section III presents PIENO’s
features and mission. Section IV shows the actual version
of PIENO in a real-world scenario. Section V shows the
results of the proof of concept and compares them to an early
development version of PIENO (PIENO V0). Section VI is
about future developments of PIENO. Section VII concludes
the article.

Il. RELATED WORK

One of the main emerging topics in the field of ITS is the
so-called Software Defined Vehicles,! which is a trend in
which software massively shape the customers experience
integrating the vehicle into their digital lives. Despite the
formal definition still missing, the SDV paradigm has
already been exploited to figure out the characteristics of
the future OS of new SDV-based vehicles [4], as well as
renew existing applications like Firmware Over The Air
(FOTA) [5]. The SDV approach has a key role in harmonizing
the different E/E standardization among different Original
Equipment Manufacturers (OEMs), reducing the complexity
of future vehicle applications. SDV must not be confused
with Software Defined Internet of Vehicles (SDIV) or,
generally speaking, Software Defined Networks (SDN)
solutions applied to inter-vehicle networks. The former has
been exploited to analyze optimal routing protocol [6] or
design novel RSU applications [7], while the latter has been
exploited to address aspects like QoE in multi-radio-access
technologies [8], delay-tolerant data transmission [9], stream
management for time-sensitive vehicular networks [10], and
cooperative applications [11] to name a few.

These papers take different state-of-the-art paradigms
(SDIV, SDN, or generally Internet of Vehicles), modeling the
vehicle as a network node without focusing on the challenges
between the electronic-based intra-vehicle and computer-
based inter-vehicle domains. From this perspective, PIENO
is an SDV-ready framework. This means that the system can
take advantage of the advancing SDV paradigm, simplifying
data retrieval from the intra-vehicle network, where different
OEM standardization plays a crucial role.

Existing works matching the same transition domain
between the intra-vehicle data and the inter-vehicle collabo-
ration typically deal with platooning [12], [13] where, based
on the same OEM system and company goal, trucks are
maneuvered together with the goal of sustainability in [12],
or fuel-efficiency based on route speed in [13]. The former
approach has been touched through a cooperative approach,
outside the platooning use-case, recently in other papers more
general on the ITS system [14], [15], [16], [17]. At the same

IThe SDV definition proposed by BOSCH: https://www.bosch-
mobility.com/en/mobility-topics/software-defined-vehicle/
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time, the latter is applied to vehicles and infrastructure in [ 18],
also adding real-time constraints in another paper dealing
with general-purpose ground vehicles [19]. Continuing,
monitoring the fuel level and the fuel consumption has been
matched to Al algorithms considering the driving behavior by
Sun et al. in [20].

Despite significant advancements in Intelligent Trans-
portation Systems (ITS) and Software-Defined Vehicles
(SDVs), existing works have primarily focused on either
inter-vehicle communication through SDN-based routing
protocols or specific use cases like platooning and
cooperative vehicle systems. While these studies address
inter-vehicle dynamics or intra-vehicle data management
separately, they do not sufficiently tackle the integration chal-
lenges between the electronic-based intra-vehicle systems
and the cloud-based inter-vehicle networks. PIENO bridges
this critical gap by providing a holistic SDV-ready framework
capable of real-time optimization of fuel consumption
through the seamless integration of intra-vehicle data
collection and inter-vehicle communication. Unlike existing
solutions that focus on niche applications or specific OEM
systems, PIENO’s modular design ensures broad adaptability
to diverse vehicle types and fuel systems, enabling person-
alized route optimization based on both fuel consumption
patterns and real-time fuel prices. Moreover, PIENO goes
beyond traditional route planning by incorporating predictive
analytics for fuel prices, a feature absent in previous
frameworks. This makes PIENO a comprehensive and
scalable solution for sustainable mobility, offering practical
eco-driving benefits to users while contributing to the broader
goals of reducing emissions and optimizing transportation
efficiency.

Ill. PIENO IN A NUTSHELL

PIENO stands as a versatile and fuel-type independent system
that aims to adapt to any type of vehicle and to address key
challenges faced by vehicle owners with a suite of features:

+ Real-Time Fuel Level Monitoring: accurate, real-time
updates of the vehicle’s fuel level help users manage
their fuel consumption more effectively;

o Optimal Pump Locator: purpose-built algorithms
identify the optimal fuel pumps with the best prices and
quickest routes, ensuring cost-effective and time-saving
refueling;

« Seamless Connectivity: Bluetooth integration facili-
tates easy connectivity between the user’s smartphone
and vehicle, enabling effortless data exchange and
control.

oy 3

FIGURE 1. General structure.

As seen in the figure, PIENO’s architecture is built on three
main blocks:
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« Intra-Vehicle Data Collection: collection of fuel level
data.

o User Interface and Bridge: retrieval of data from the
car and communication with the cloud.

o Cloud: where the aforementioned algorithms are run.

A. INTRA-VEHICLE DATA COLLECTION

For what concerns the data collection from the car, we employ
a personalized CAN Access Module (CAM) based on three
main elements:

FIGURE 2. CAN access module.

o OBD-II PORT: acronym for On-Board Diagnostic II,
OBD-II is a diagnostic tool that provides a communica-
tion interface with the vehicle that enables the reading
and transmission of data measured by sensors and
actuators of the vehicle in real-time [21]. Furthermore,
OBD-II exposes a standard port, enabling anyone to
access all kinds of messages exchanged on the various
protocols that are built on vehicles. Specifically to
PIENO, OBD-II is vital to interact with the CAN Bus
protocol [22].

o MCP2515: a stand-alone CAN controller developed
to simplify applications that require interfacing with a
CAN Bus [23]. This module, by connecting to the CAN
High and CAN Low pins of the OBDII port, works as
a CAN Transceiver, facilitating the reading of vehicle
data, particularly the fuel level, which is crucial for the
PIENO system. It interfaces with microcontrollers via
the Serial Peripheral Interface (SPI).

o ESP32: a single 2.4 GHz Wi-Fi-and-Bluetooth chip
designed with the TSMC low-power 40 nm technol-
ogy [24]. It plays a pivotal role in transmitting fuel-level
data to the cloud. In particular, the PIENO system
utilizes Bluetooth Low Energy (BLE) for efficient,
low-power communication, ensuring continuous and
real-time data flow from the vehicle to the cloud
infrastructure by interfacing with a mobile device.

This approach was chosen due to its open-source nature,
reproducibility, and accessibility. Furthermore, it helped
solve one of the most arduous challenges during the
development of PIENO: different OEMs have different yet
proprietary methods to exchange messages on the CAN
Bus. Normally, OEMs should follow the SAE standard
J1979 [25], which defines a set of standardized codes (also
known as OBD PIDs) to use in the communication between
OBD and diagnostic tools. Yet, this is not the case for
some of the car manufacturers. Taking that into account,
the retrieval of the fuel level data might be different from
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vehicle to vehicle. Therefore, making use of solutions that
rely on standardized diagnostic tools has been revealed to
be impractical. In contrast, after proper reverse engineering
sessions, the CAM is able to adapt to almost all kinds of
message formats and standards of communication.

B. USER INTERFACE AND BRIDGE

Like a bridge between two worlds, the PIENO mobile
application works as an intuitive interface to interact with
the system, serving as the central hub where users can
easily access all features, from checking their car status to
locating the best fuel pumps. Additionally, it acts as the bridge
between the CAM and the cloud infrastructure.

1) TECHNOLOGY CHOICE

To develop the mobile application, we used Flutter, a frame-
work that allows for quick development of cross-platform
apps without degrading performance and quality [26]. This
allows our system to be used by as many people as possible
since the app runs on both Android and iOS, but it could
also run on embedded devices running Linux or other
operating systems. It is also currently the most commonly
used cross-platform mobile application framework since it
has overtaken React Native [27].

As for the protocol used to connect the CAM and the
app, we chose Bluetooth Low-Energy (BLE), since it is the
most suited and optimized for the sort of communication our
system requires, and also since it is widely supported, both by
commonly available hardware and by widely-used software
libraries.

2) FEATURE SET

« Experience Customization: registering an account
allows the user to add specific information about
their vehicles, making the calculation easier and more
specific.

« Vehicle Status: the user can access their vehicles’ infor-
mation, including the fuel level, from their smartphone.

o Price Trend Discovery: every Sunday, a trained Al
model provides the average fuel prices for the following
week.

« Reserve notification: if a vehicle goes into reserve,
the application notifies the owner by sending a push
notification.

C. CLOUD
All of the features provided by PIENO are powered by a
cloud-native backend service, which collects the information
coming from all sources:
e Through HTTP requests made by the app for the
information coming from the user or the CAM module
« From the Web, for the daily fuel price data provided by
the government.

1) BACKEND INFRASTRUCTURE AND ARCHITECTURE

We followed a microservice architecture by splitting the
operations performed on different kinds of data into different
individual but interconnected software programs. For ease of

VOLUME 12, 2024
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deployment and scaling, we containerized the application into
OClI-compliant [28] containers, which we deployed on our
own rented Oracle Linux 9 cloud instance using Docker.

Most of the app API, and most importantly, the fuel
level monitoring part, is written in the Rust programming
language. Rust is a compiled language that allows you to
write programs that are as fast as C or C++ programs
[29], [30] while being more modern and, most importantly,
type-safe [31]. Therefore, Rust is perfect for dealing with
the real-time constraints related to processing the data from
the CAM and for integrating the information from various
external sources, ensuring the system remains reliable under
heavy loads.

Other parts, mostly those that run daily or weekly and that
perform data-crunching or prediction, are written in Python,
since it is more widely used for this sort of task, and allows
for quicker development than Rust.

2) PATH FINDING AND NAVIGATION

For path-finding and navigation, many options were
explored, from proprietary solutions like Google Maps and
Mapbox API to other open-source alternatives like Open
Source Routing Machine (OSRM). After many tests, OSRM
stood out: by being a high-performance routing engine that
leverages OpenStreetMap (OSM) data, it provides efficient
and scalable routing solutions [32]. As an open-source
platform, OSRM offers extensive customization options,
allowing routing functionalities to be tailored to specific
needs. In the context of PIENO, OSRM’s flexibility and
performance make it an invaluable tool. It enables the system
to handle large volumes of routing requests efficiently,
ensuring real-time and accurate routing for users. This is
particularly beneficial for logistics and navigation within the
app, enhancing the overall user experience without incurring
high costs.

3) TIME SERIES FORECASTING

To perform the prediction, we used the Prophet, an open-
source forecasting tool developed by Meta [33]. The choice
fell on this model since it is specifically designed to work
with time series data and it is particularly effective for datasets
with daily observations that exhibit strong but varied seasonal
effects.

To train Prophet, a publicly available dataset of fuel
prices was used, made accessible by the Italian Ministry
of Enterprises and Made in Italy.®> This dataset contains
comprehensive information on fuel prices from 2015 to
2024 divided by quarter and provided as CSV. For each
dataset instance, we retained details on the region, fuel type,
fuel price, and date.

The purpose of the prediction is to enable the user to
understand whether, in the following days, the price will
fall or rise and thus decide when to refuel. Multiple training
sessions of the model were conducted using various time
intervals. The best performance was achieved with data

2 Accessible  at https://www.mimit.gov.it/it/open-data/elenco-dataset/
carburanti-archivio-prezzi
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from 2021 to 2024, since it mitigates biases introduced
by the COVID-19 pandemic, ensuring a more reliable and
representative model performance.

D. WORKFLOW
Given all the elements, we define a concise architecture
(Figure 3) and workflow:

o Data Acquisition: fuel level data is acquired from the
vehicle using the ESP32 and MCP2515 CAN module.
This data is then transmitted to the mobile application
via BLE.

o Interface and Bridge: the Flutter mobile application
enables the user to interface with the system, check their
vehicles’ fuel level, and get information about the next
day’s price trends. Furthermore, it provides the backend
with all the needed data about the vehicles.

« Data Collection and Processing: the high-performance
backend, based on Rust and Flask, collects data on
current fuel prices and station locations from national
authorities and processes them. In addition, it uses
OSRM to compute the best route to nearby fuel stations
and Prophet to forecast future fuel prices.

Intra-Vehicle Cloud

CE B =

FIGURE 3. Final PIENO Structure.

&

docker

s

The source code for the parts can be found in our repository
on GitHub [34].

IV. PROOF OF CONCEPT
For this proof of concept, two cars were chosen: a Citroén C3
from 2007 and a Citroén C3 Aircross from 2017 (Figure 4).

FIGURE 4. Test subjects.
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A. INTRA-VEHICLE DATA COLLECTION

First of all, we set up the CAM, following the official pin
layout of Espressif [35] to identify the pins that drive the SPI
protocol (Figure 5).

FIGURE 5. ESP32 - MCP2515 wiring.

For what concerns microcontroller programming, we
started with a simple code that lists all the data acquired from
the CAN Bus.

1 void loop() {
struct can_frame frame;
if (mcp2515.readMessage (&frame) == MCP2515::
ERROR_OK) {
4 Serial.println("Message received");
5 Serial.print ("ID: ");
6 Serial.println (frame can_id);
7 Serial.print ("Bytel: ");
8 Serial.prlntln(frame datal[0])
9 Serial.print (" "y
10 Serial.prlntln(frame datall]);
1 Serial.print ("Byte3 ")
12 Serial.prlntln(frame data[Z]) ;
13 Serial.print ("Byted: ");

14 Serial.prlntln(frame.data[3])
15 Serial.print ("Time: ");
16 Serial.println(millis());

LISTING 1. First general code.

To get the fuel level data, at first, we tried the specific SAE-
J1979 OBD PID: 01 2F (from Hex to Dec: 303 in Big Endian,
12033 in Little Endian). Unfortunately, not having found any
instance of CAN Bus messages with this ID, we concluded
that Citroén does not follow the standard, so we needed to
reverse-engineer the value.

The first test was conducted on the Citroén C3 Aircross
since it exposes the OBD-II port without taking apart the car’s
dashboard. First of all, we decided to capture all the traffic on
the CAN Bus while the car was stationary. Then, starting from
a value of ~10% tank, we went to the nearest gas station and
filled up the tank a little bit (~25%).

By excluding data with low variance and those whose
maximum value was zero, we came down to three IDs
(Figure 7 - 9).

By analyzing the data, we concluded that the value that
better corresponded to the fuel level was ID 1554 - Byte 4.
In particular, it seems that Citroén transmits a value between
0 and 100 on Byte 4 directly, as opposed to the SAE-J1979

158098

Quartiere
Gentro;Storico™ | Albareto

BaniFa 3
aniFalstinog

£

&

FIGURE 6. C3 2017 route to the nearest gas station.
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FIGURE 7. ID 1426 - Byte 2.
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FIGURE 8. ID 1554 - Byte 4.

standard definition that specifies that the data in the fourth
byte has to be transformed as follows:

100
255
Finally, having found the data, we repeated the test on
the other Citroén, but this time, we filtered only the ID

1554 messages. Additionally, we started from 40% and filled
it all the way up.

LA, (1
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FIGURE 9. ID 813 - Byte 1.

FIGURE 10. C3 2007 route to a cheaper gas station.

Using that logic and adding some code to implement BLE,
the code turns into:

1 void loop () {

struct can_frame frame;

if (mcp2515.readMessage (&frame) == MCP2515::

ERROR_OK) {
4 Serial.println( )
5 if (frame.can_id == 1554) {
6 /* same debug prints ... */
int currFuellevel = frame.data[3];

3 if (currFuellLevel != fuellLevel) {
9 fuellLevel = currFuellevel;
10 pCharacteristic->setValue (fuellevel);
11 pCharacteristic->notify();
12 }
13 }
14 }

LISTING 2. Specific code for Citroén.

As expected, the car followed the same pattern: ID 1554,
and the byte value was always between 0 and 100 without any
transformation needed.

As seen in Figure 11, the values are more stable since the
Citroénn C3 2007 uses a digital meter. In contrast, the C3
Aircross from 2017 uses an electrical and more precise one,
resulting in a consequent fluctuation around the threshold
value.

The process we described to acquire data from these two
cars could be extended to other makes and models to create
a universal system by adding a configuration/calibration

VOLUME 12, 2024
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FIGURE 11. ID 1554 - Citroén C3 2007.

function to the CAM and the bridge. Further tests are being
made, including various Lancia Ypsilon models and Ford
Kuga 2010 as compatible vehicles. This would allow users
of known cars to have the correct data automatically and
simplify the reverse engineering process for users of new
vehicles.

B. USER INTERFACE AND BRIDGE

The PIENO mobile application needs the user to register an
account (Figure 12a). This is done to link any vehicle to the
specific owner.

If the user has not added any vehicle to the system, the page
in Figure 12b is shown. To function properly, the user must
provide information about their vehicle. The information in
Figure 12c is critical to the system:

o Name and Plate Number are useful to identify the

vehicle and bind it to the user uniquely;

« Tank Capacity, Car Size, and Fuel Type help to
provide a calculation based on the vehicle’s parameter.

Once the car is added, the Homepage changes, as seen
in Figure 12d. We can recognize three main blocks or
containers:

« First container: it contains information about the name
and fuel level of the vehicle. By clicking on the name,
the user will be taken to the car list page (Figure 12e).
Here, the user can edit his vehicle list by adding or
removing them. Furthermore, by clicking on the name
of the vehicle, the user can change the active car and,
consequently, change the vehicle that is seen on the
homepage.

o Second container: it shows the forecast is done by the
prophet for the following week. It changes depending on
the active car.

« Third container: with this button, it begins the calcula-
tion of the best fuel station. Each fuel station is graded
by a score calculated as follows:

Score = A + B. )

158099
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Welcome back Marcol

+Add your first carl
Add your car
Welcome to P.L.E.N.O.

== B

(a) Login Page. (b)
without cars.

Homepage (¢) Form for
adding vehicles.

FIGURE 12. Application screenshots.

where

A = cons_per_km - distance. 3)
B = (100% — fuel_level) - pricey;. “4)

This way, we can always provide the best solution for
refueling, making it an efficient process (Figure 12f).

C. CLOUD

The backend implementation is a rather standard REST APIL.
Nonetheless, we note one aspect: we paid significant attention
to ensuring potentially frequent fuel level updates from many
cars don’t cause issues. In order to do that, we developed two

different decoupled microservices to handle that (Figure 13):
e The Fuel Meter, which exposes an HTTP API and
pushes all requests to a queue in a Redis in-memory key-
value database, is an inexpensive operation in terms of
computation.

o The Fuel Notifier, which retrieves fuel level data from
Redis with a given frequency, saves the data to the main
SQL database and notifies the user to refuel through
Firebase Cloud Messaging if the fuel level is low.

2‘:::, B

o eoco0e- ‘
a o 006 o ¢ Fulmeer _ e00000 Fuel notifier
- ® |

Q,o—:/.o '/‘
9",

FIGURE 13. Decoupled fuel level acquisition architecture overview.

V. RESULTS

This section presents the results of the PIENO system’s
latest iteration and compares them with the performance and
capabilities of its predecessor, PIENO V0. Through a series
of rigorous tests and real-world implementations, we aim
to highlight the advancements and improvements made in
PIENO.

A. Al MODEL
When evaluating the prediction model, we compared our
approach to the Random Forest [36] used in PIENO V0.

158100

(d) Homepage
with active car.

=C3 Aircross

=0 Best pump for youl

(e) Vehicle List. (f) Instance of best

fuel station found.

A Random Forest is an ensemble machine-learning algorithm
that builds multiple decision trees during training and merges
their results to improve prediction accuracy. In particular,
a decision tree for each fuel type was created.

As said in Section ITII-C3, our goal is not to predict the exact
future value of fuel but solely to predict whether the price will
increase or decrease.

For this purpose, the models were evaluated not by
considering an exact match with ground truth but as a
binary classification with two classes: decreasing price and
increasing price. The predictions of both models were then
compared with the actual values to see whether the predicted
trend was correct or not.

TABLE 1. Accuracy of different models.

Model Highest Accuracy (%)
Average accuracy of time series prediction 58
Random forest (PIENO VO0) 67
Prophet (PIENO) 75

As shown in Table 1, Prophet has the highest accuracy at
75%, demonstrating superior reliability in forecasting trends.

To further stress the features of Prophet, in the graph in
Figure 14 we compared a prediction with the actual average
price per liter of gasoline for every day of the week from the
15" July to 21* July.

TABLE 2. Comparison with ground truth.

Metric Score

Mean Square Error 0.00136

Average difference from ground truth 1.90%
Precision 80%
Recall 80%

As we can see, the values predicted by Prophet slightly
differ from the actual values, as shown also in Table 2. Still,
being exclusively interested in the trend, we can see that
Prophet correctly predicts the rise or fall in price six times
out of seven, confirming once more that it is the most suitable
model for our purpose.
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FIGURE 14. Prophet’s forecast related to the actual average gasoline
price.

B. BACKEND PERFORMANCE
To evaluate the effectiveness of the optimizations we
described in Section IV-C, we used an HTTP load-tester’
to test the number of requests the fuel meter microservice
can handle in a second, and compared it with the number
of requests that can be handled in the same time by the
login page, which instead performs an SQL query and a
hash computation to function, and we use as a proxy of a
hypothetical fuel meter microservice that also acts as a fuel
notifier.

The results in Table 3 show that the described optimiza-
tions indeed more than double the throughput.

TABLE 3. Backend performance evaluation.

Microservice Average Req/sec
Login 974.2
Fuel-meter 2084.81

VI. FUTURE WORK

As of today, PIENO serves as a proof of concept that
relies on specific datasets and is tested primarily on Citroén
vehicles for intra-vehicle data collection. The next phases
of development will focus on expanding the system’s
compatibility and ease of use. One significant area of
expansion is integrating PIENO with various OEMs and
international datasets. By collaborating with OEMs and
working on expanding our APIs, PIENO can be adapted to
a wider range of vehicle makes and models. Additionally,
incorporating data from international fuel price databases will
enable the system to function effectively in various countries,
making PIENO a globally viable solution.

The CAN Access Module is currently a prototype requiring
technical skills in the configuration process. Our goal is
to transform this module into an all-in-one solution that is
user-friendly and accessible to individuals with low technical
proficiency. This involves developing a plug-and-play device

3 https://github.com/mcollina/autocannon.git
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with a more intuitive interface to ensure that any vehicle
owner can benefit from PIENO’s capabilities without needing
specialized knowledge.

Lastly, ongoing improvements will focus on enhancing
the AI models used for fuel price prediction and route
optimization. By continuously training these models with
larger and more diverse datasets, we aim to improve their
accuracy and reliability. This will ensure that users receive the
most efficient and cost-effective recommendations for their
refueling needs.

VIi. CONCLUSION

PIENO represents a leap forward in vehicle management, trip
optimization, and, by extension, the sustainability and effec-
tiveness of intelligent transportation systems. Integrating
real-time data, advanced analytics, and user-friendly inter-
faces offers a holistic solution that aims to reduce emissions,
promote eco-friendly driving practices, and reduce the stress
related to driving. Its robust architecture, leveraging state-of-
the-art technologies such as ESP32, MCP2515, Flutter, Rust,
Redis, OSRM, and Prophet, ensures adaptability, efficiency,
and user-centric functionality. Through PIENO, sustainable
driving becomes a practical and achievable goal for users
worldwide. Moreover, PIENO is an SDV-ready framework,
which means that the system can easily integrate the SDV
paradigm and helps to close the gap between the intra-vehicle
network, where different OEM standardization plays a crucial
role, and inter-vehicle networks not completely deployed yet.
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