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Abstract—Intelligent vehicles is a fast developing area. For the
internal combustion engines are 150 years of dead-end road of
vehicle technology – which 150 years are still counting – the
greatest development in vehicle industry can now be seen in self
driving technology. The demand on intelligent solutions is the
fastest area in this industry. Intelligent solutions are requiring
reliable communication channels. The most widely used vehicle
communication is the Controller Area Network (CAN). The CAN
(bus) is a communication protocol between the different control
units in the car, where the controllers (computers) can exchange
information directly (without a direct link unit between them)
and it is a protocol based on the principle of messages. Each
message has its own structure consisting of Message-ID, message
start, message body, and end of the message. CAN messages
do not contain the address of the sender or the addressee, but
the content of the message itself contains an additional identifier
for the information transmitted like RPM, temperature, etc. In
this paper, we will propose an implementation of an education
tool to demonstrate the principle of a CAN bus protocol. The
demonstration tool comes with sensors, actuators, LCD, LED,
input, and output functions. This tool will simplify the idea of
how the CAN bus sends messages in the data bus with the priority
of the order. Also, it will support the theoretical knowledge of
the CAN bus by a practical demonstration of it.

Index Terms—Controller Area Network (CAN), Electronic
Control Units (ECU), MCP2515, Esp8266, Servo Motor, Liquid
Crystal Display(LCD), Arduino Uno, Demonstration Tool

I. INTRODUCTION

In self-driving technology, an embedded system is im-
plemented based on a high-performance CPU, low-power
consumption, and high-speed communication protocol. Field
Programmable Gate Array (FPGA) is considered the most
functional CPU with high computational capabilities and low
power consumption. It is the technology of the autonomous
driving vehicle due to its high computational capability [1].
On the other side of self-driving technology, the CAN bus
is the most powerful and efficient communication protocol
for autonomous vehicle systems [2]. Imagine that the car is
like a human body. The Control Area Network (CAN bus) is
the nervous system, which facilitating communication among
all parts of the body. Similarly, nodes or electronic control
units (ECU) are connected via the can bus, which acts as
a central networking system. In an automotive, can be the
airbags, the engine control unit, the audio system or any part

of the vehicle. A modern car can have up to 70 ECUs [3], this
is where the car standard comes in handy as it allows ECU
to communicate with each other without complex dedicated
wiring in between. In turn, this allows for several features
to be added via software alone like an electronic gear box
control, so can allow any ECU to communicate with entire
system without causing an overload to the controller computer.
The CAN bus chip, which we have chosen is MCP2515,
this chip is a stand-alone Controller Area Network and this
designed to make the applications simple, so this application
need interfacing with the Controller Area Network. This chip
consist of the control logic and registers, The CAN module and
The SPI protocol block. The MCP2515 CAN Bus Controller
is an easy Module, and this type give assistance to CAN bus
version 2.0B, this can be hired with communication, which
around 1Mbps, so sometimes a double CAN bus module is
helpful to design a complete communication system [4]. The
aim of this paper is to simplify the idea of the communication
system inside a vehicle by implementing an education tool.
This tool will demonstrate how different components contact
each other by CAN bus protocol. The paper will be presented
as follows, Section-II describes the components which are
used in the system and the comparison of different types
of communication protocol. Section-III presents the hardware
design of the tool with the diagram. Section-IV shows the
flowcharts of the tool with an explanation of the principle of
work. Section V concludes the paper with the summarization
of the work. Section VI finally states some suggestions for
developing the tool.

II. METHODOLOGY

We have used in our project these components: Esp8266
MCU, Arduino UNO, Arduino Nano MCP 2515, CAN BUS,
Servo Motor and LCD. And we have talked about SPI BUS
and I2C BUS.All these components which are mentioned
will be place in one demonstration tools. This will make
an educational environment that contains both hardware and
software. The students can learn how to program or repro-
gram the CAN massages in ECU and how to add or delete
CAN’s nodes. This demonstration tools will assist students to
develop of computational thinking which is very important in



programming. In this paper [5], the author used many visual
programming applications and educational environments to
test how is important to integrate interactive education tools to
develop the computational thinking for students in Hungary.

A. Esp8266

The Esp8266 is a open source platform, low-power, and
highly integrated Wi-Fi micro-controller designed by Espressif
Systems. It is very low price compared to its performance and
capabilities and it is available in several types that differ in
its features and the number of its terminals. It operates at
wide temperature from (-40 C) to (+25C). Esp8266 specifica-
tion: Operating voltage is 3.3V, Current consumption is from
10uA to 170mA, Flash memory attached 16MB max (512K
normal), Processor Speed is from 80MHZ to 160MHZ, RAM
is 32K+80K, GPIOs is 17 (multiplexed with other functions,
Analog to digital 1 input with 1024 step (10bit) resolution,
Wi-Fi is 802.11 support. See Fig. 1. Esp8266 is an Arduino
like device. It’s core component is ESP8266. Its pins could
be Programmable. Its power could be can delivered through
micro-usb port. What makes this micro-controller preferable
is that It can be worked through multiple programming envi-
ronments and different programming languages [6].

Fig. 1. Esp8266 micro-controller.

B. Arduino UNO

Arduino is considered as one of the most popular microcon-
trollers which have an open-source platform for building and
developing electronics project. Arduino Uno is categorized as
a part of the Arduino series which supported with ATmage 328
microcontroller. This board also is suitable for education and
training purposes because it has IDE (integrated development
environment) and it is easy to write and edit the software
through a USB cable. Arduino board can be implemented
in communication projects in both wire-connection by (SPI,
CAN, I2C) or wireless- connection by (Wi-Fi, Bluetooth, FM).
Also, this board can be integrated into controlling processes
in homes, industries, or hospitals because it can deal with
different analog signals such as (heat, light, sound, pressure,
humidity) and to control the output for instance (motor, light,
sound). Arduino Uno has 14 digital pins and 6 of them are

supported PWM signals as an output. It also has 6 analog
pins that are used to receive an analog signal with a range of
voltage (0 - 5) DC Volt. In addition, these analog pins can be
used as digital pins. This board is integrated with 16 MHz a
ceramic oscillator. Finally, this board can be powered through
a USB port or power port with a range of DC voltage (0 - 18)
Volt [7]. See Fig. 2 .

Fig. 2. Arduino UNO Micro-controller.

C. MCP2515

MCP2515 is a stand-alone controller area network chip.
It has features: bus speed until 1Mb/s, bus length around
1000 meter, Standard and remote frames and extended data,
one-shot mode, interruption output, SPI interface, and 5V
operation. This chip has a high-speed CAN transceiver. The
protocol connection between the can module and the micro-
controller unite is through SPI protocol. So, it is easy to
interface with any micro-controller having an SPI interface. It
has characteristic of connection speed of Up to 115200 UART
baud rate (default 9600), Up to 1Mb/s CAN-BUS baud rate,
TX and RX led indicator, 4pin Grove connector, 3.3V working
voltage, Easy-to-use Arduino library, and small size [8].See
Fig. 3.

D. SPI BUS

Serial Peripheral Interface is a synchronous data proto-
col that controllers use to communicate with one or more
peripherals or with another controller with high-speed data
transmission over short distances. One of the main advantages
of SPI is that it provides higher data transfer rate than UART
and I2C and is used when a high-speed serial connection is
needed. Data could be sent to more than one receiver , but it
suffers from having more parties than UART and I2C [9]. See
Fig. 4

E. CAN BUS

In the CAN bus, a CPU decides what the incoming mes-
sage means and what messages will be transferred Sensors,










