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Review 

This project pretends to show the development of a CAN FD datalogger in a way that one 

reader with basic knowledge in the field of electronics and programming in Python can 

understand the concepts treated in it, as they will be briefly explained before jumping into them. 

In first place, the basic concepts of the different types of communication between electronic 

devices and communication protocols that will be approached on this project such as SPI and 

CAN FD are explained, remarking their principal characteristics and different advantages.  

In second place, the hardware components used in the project are exposed, showing the 

specifications of each component. In the case of the CAN FD controller used in this project, 

the software part will also be explained, exposing how the data is stored, the different registers 

that are used and how they work and finally, how the data has to be sent to the controller in 

order to be correctly processed. 

Finally, the process of the datalogger development is explained step by step, starting for the 

modifications done to an already existing Python library in order to adapt it to this project and 

how some aspects of the original CAN FD driver are improved. Then, the making of the main 

script responsible of running all the libraries needed to set up the datalogger is described. For 

a more advanced datalogger, it is explained how hardware filters and masks can be 

implemented, improving the functionality of the CAN FD driver. Finally, some tests for the filters 

will be showcased in order to demonstrate their effectivity and the overall performance of the 

datalogger. 

 



Pag. 4  Report 

 

Summary 

REVIEW ____________________________________________________ 3 

SUMMARY _________________________________________________ 4 

1. GLOSSARY _____________________________________________ 8 

2. INTRODUCTION _________________________________________ 9 

2.1. Objectives of the project..................................................................................9 

2.2. Previous requirements ....................................................................................9 

3. INTRODUCTION TO COMMUNICATION PROTOCOLS __________10 

3.1. Parallel communication .................................................................................10 

3.2. Serial communication ....................................................................................11 

3.2.1. Asynchronous communication ................................................................... 12 

3.2.1.1. CAN protocol ................................................................................. 12 

3.2.1.2. CAN FD protocol ........................................................................... 13 

3.2.2. Synchronous communication ..................................................................... 15 

3.2.2.1. SPI communication ........................................................................ 15 

4. HARDWARE DESCRIPTION________________________________18 

4.1. Raspberry Pi .................................................................................................18 

4.2. MCP2517FD CLICK .....................................................................................19 

4.2.1. SPI interface ............................................................................................. 20 

4.3. Assembly ......................................................................................................21 

5. DEVELOPMENT OF CAN FD DATALOGGER __________________23 

5.1. Initial state .....................................................................................................23 

5.2. Modification of the CAN FD library ................................................................24 

5.2.1. Assert / Deassert ...................................................................................... 25 

5.2.2. Read / Write ............................................................................................. 26 

5.3. Running CANFD library: Tests......................................................................27 

5.3.1. Test 1 ...................................................................................................... 28 

5.3.2. Test 2 ...................................................................................................... 29 

5.3.3. Test 3 ...................................................................................................... 30 

5.3.4. Test 4 ...................................................................................................... 31 

5.3.5. Test 5 and 6 ............................................................................................. 31 



 

 

5.4. Setting up loopback mode ............................................................................ 32 

5.4.1. Creation of random parameters ................................................................. 32 

5.4.2. Message transfer ...................................................................................... 33 

5.4.3. Receiving the message ............................................................................. 33 

5.4.4. Data logging............................................................................................. 33 

5.5. Modifications and improvements on the original code.................................. 34 

5.5.1. Modification of transmitMessageTasks and transmitChannelLoad: ............... 34 

5.6. Filters and masks ......................................................................................... 37 

5.6.1. Classes ................................................................................................... 38 

5.6.2. Functions ................................................................................................. 40 

5.6.2.1. filterDisable / filterEnable ................................................................. 40 

5.6.2.2. filterObjectConfigure / filterMaskConfigure ........................................ 41 

5.6.2.3. filterToFifoLink ............................................................................... 41 

5.6.3. Script ....................................................................................................... 41 

5.6.4. Errors ...................................................................................................... 42 

5.6.5. Tests ....................................................................................................... 43 

5.6.5.1. Test 1 ............................................................................................ 43 

5.6.5.2. Test 2 ............................................................................................ 44 

5.6.5.3. Test 3 ............................................................................................ 45 

6. TEMPORAL SCHEDULE __________________________________ 46 

7. BUDGET ______________________________________________ 47 

8. ENVIRONMENTAL IMPACT _______________________________ 48 

CONCLUSIONS _____________________________________________ 49 

ACKNOWLEDGMENTS ______________________________________ 50 

BIBLIOGRAPHY ____________________________________________ 51 





CANFD datalogger based on python and Raspberry Pi  Pag. 7 

 

 

  



Pag. 8  Report 

 

1. Glossary 

CAN Controller Area Network 

CAN FD Controller Area Network with Flexible Data-rate 

CLK Clock signal 

Cs Chip Select signal 

FIFO First-In-First-Out stack 

GPIO General Purpose Input-Output 

RX reception 

TX Transmission 

MISO Master In, Slave Out 

MOSI Master Out, Slave In 

SDI Slave Data In 

SDO Slave Data Out 

RAM Random Access Memory 

SPI Serial Peripheral Interface 

.py Python file extension
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2. Introduction 

2.1. Objectives of the project 

The main objective of this project is to develop and assembly a CANFD datalogger to be used 

in the cars manufactured in the upcoming years. One Raspberry PI and Python are the core 

of the datalogger. 

A secondary objective is to apply the knowledge about software programming in Python 

learned during the Bachelor Degree in Industrial Engineering. 

Finally, the project is a great opportunity to learn fundamentals on electronics and 

communications protocols, especially CANFD, the new generation of communications buses 

in the automotive industry. 

 

2.2. Previous requirements 

In order to fully understand the concepts treated on this project, it would be optimal to have 

previous knowledge in Python programming, as the basic concepts will be considered known.  

Concepts as Python classes, basic functions and libraries (time, binascii, datetime…) will not 

be explained. Besides of that, it is recommended to have previous experience related with 

electronic communication protocols such as SPI and CAN FD.  
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3. Introduction to communication protocols 

Over the last few decades, the advance of miniaturization and the lowering of microcontroller 

production costs have permitted the development of a plenty variety of embedded systems, 

where simple tasks are divided between independent modules capable of processing 

information and gather data from their environment, cooperating together to perform as a 

single device.  

With this evolution, those electronic systems have become more and more complex, thus in 

every advance more variables are introduced to be monitored and controlled, needing to 

exchange more data load between the different modules per unit of time. That is why 

communication protocols have been improving in that way -among others-. From this need to 

keep reinventing itself is from where new ways to exchange data appear, such as the CAN 

and its more advanced version CAN FD protocol, which will be approached on this project. 

 

3.1. Parallel communication 

Parallel communication permits to send multiple bits of information simultaneously between 

two systems, making it a fast and effective way of networking. 

The difference between serial and parallel communication is the number of conductive 

channels used. An 8-bit channel would consist of 8 conductors sending one bit for each one 

simultaneously, forming one byte per unit of time, while a serial communication protocol would 

do the same thing, but sequentially, making it eight times slower. 

As while as it has this speed advantage, the length of the cables needed is limited. Due to their 

proximity, electromagnetic interferences appear between the buses causing undesired 

irregularities on the communication, and this phenomenon appears to be more consistent as 

the length increases, causing them to have a specific limit length.   

Currently, parallel communication protocols are beginning to be more used in radiofrequency 

tasks better than serial communication with methods as OFDM or DVB-T, which uses a 6045 

parallel bit communication. 
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3.2. Serial communication 

With the objective of avoiding this electrical noise and reduce the complexity of the peripherals, 

which is not desired in microcontrollers due to its minimum space, the serial communication 

protocols are significantly more used in this kind of applications. Furthermore, with less pins 

used for parallel communications, there is space left for other applications. 

Since this protocol is the one that microcontrollers use, it is the one that will be used on this 

project.  

 

 

Lastly, in serial-bit communication we find two other classifications, the asynchronous and 

synchronous communication. 

  

Figure 1 and 2: Examples showing the difference between serial and parallel communication. Sources: [5] and [6] 
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3.2.1.  Asynchronous communication 

In this variant of communication there is not just one clock for the whole system controlling the 

timing when actions must be executed. It can be that either every device has its own one, or 

even that there are no clocks, not having to expect an immediate response of the system so it 

can happen at any time.  

In order to send data from one master to the slave, there are two characteristic bits to do so in 

every single message sent, the start bit and stop bit, that can be one or two. These two 

elements play an important role in making possible the synchronisation of the master and the 

slave clocks, so the receiver of the message can decodify it. 

 

 

 

 

 

3.2.1.1. CAN protocol 

CAN (Controller Area Network) was invented by Bosh in the mid 80’s, and it is currently one 

of the most used communication protocols in automation (and even in other fields such as 

ships, planes etc.). This is because of its optimisation to perform at low speed, being more 

robust to the electromagnetic noise than others, also working well at long distances. 

This reliability that makes it well-known comes from the complexity of the composition of its 

messages, that will be explained hereafter. This protocol uses a differential signal to transmit 

messages, and this ability is what makes it less susceptible of suffering the effects of EMIs, 

even in the most hostile environments. It works by sending a digital signal (RXD), that is then 

transformed into a differential signal (CANH and CANL) by using a transceiver, mostly included 

in all devices that use CAN, making the message difficult to alter, then when arrived at the 

destiny, transformed back again in to a digital signal to be read (TXD). 

Figure 3: Example of the transmission of “a” character asynchronously. Source: [7] 

Figure 4: CAN controller and CAN transceiver scheme. Source: [8] 
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3.2.1.2. CAN FD protocol 

CAN FD (Controller Area Network Flexible Data-Rate) was presented in 2012 by Bosh, and it is 

an improvement of CAN that comes from the need to keep sending more data rate due to the 

continuous development of more complex electronic systems integrated in automobiles. This 

advancement incorporates an 8 times faster bit transmission increasing it to 8 Mbit/s and it also 

permits to emit larger messages (supporting a maximum of 64 bytes of payload per data frame vs. 

the 8 bytes supported by CAN). CAN FD is also made to be more reliable, including a cyclic 

redundancy check that lowers the risk of having undetected errors. 

The last two letters (Flexible Data-Rate) make reference to its capability of alternate between 

different data sizes depending on the needs in real-time, lowering the data length when peak 

performance is not necessary and enabling extra data length when needed, making it more 

efficient.  

Fig. 5 shows the main differences between one CAN frame and one CAN FD frame, where the 

most important ones are the following: 

 First bit after the message identifier is The Remote Transmission Request (RTR), used 

in Classical CAN to identify data frames and corresponding remote frames. In CAN 

FD this bit is always 0 because remote frames are not supported. 

 R0 was a reserved bit in CAN (always 0) but in CANFD it is called FDF and equals 1 

 CANFD adds three new bits: 

 Res, which is a new reserved bit that may be set free in the future to denote new 

protocols.  

Figure 5: Comparison between 11-bit classical CAN frame vs. an 11-bit CAN FD frame. Source: [2] 

https://en.wikipedia.org/wiki/CAN_bus#Remote_frame
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 The bit rate switch (BRS) bit decides whether the bit rate is switched inside a CAN FD 

format frame. If the bit is transmitted recessive, the bit rate is switched from the 

standard bit rate of the arbitration phase to the preconfigured alternate bit rate of the 

data phase. If it is transmitted dominant, the bit rate is not switched. BRS does not 

exist in CAN format frames. 

 ESI is a bit that indicates the status of the error detection, a logic 1 means that it is in 

error passive mode. 

 The 4 bits that refer to the DLC (length of the frame in bytes) make an important 

change, since before the maximum length was of 8 and now it can be up to 64. Now 

to keep using the same amount of bits, CAN FD uses the last 7 values from 9 to 15 to 

denote the used number of data bytes (12, 16, 20, 24, 32, 48, 64). 

 

 Then, in the nucleus of the frame comes the data, that is the information to be 

transferred. CAN FD can support now up to 64 bytes of data, versus the previous 8. 

 The new space for stuff count bits is used to improve communication reliability. 

 Lastly, the CRC (Cyclic Redundancy Check) is improved as mentioned before, adding 

more bits to it, and in classical CAN, there can be 0 to 3 stuff bits in the CRC, while in 

CAN FD there are always four fixed stuff bits to improve communication reliability. 

Table 1: Data bytes per frame comparison between CAN and Can FD. Source: [2] 

Figure 6: Comparison between 11-bit classical CAN frame vs. an 11-bit CAN FD frame. Source: [2] 
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3.2.2. Synchronous communication 

Synchronous communication is a way of sending data between two or more devices under the 

rhythm of a single clock directing these transactions. The block of characters to send is 

encapsulated by a set of synchronism bits at the beginning and in the end of the message. 

What those bits do as its name indicates is to make sure that the clock of the emitter and 

receptor are synchronised, controlling the duration of every sent bit. 

 

3.2.2.1. SPI communication  

SPI is a commonly used protocol for microcontrollers to transfer data specialised in short 

distances, and it consists of the communication enablement between a “master” device which 

originates the read and write frame, and also the clock signal and a “slave”, the device with 

which is wanted to establish communication. 

Using this method presents three interesting properties:  

 The communication is not only master-to-slave oriented; it can also be the opposite 

way enabling the transmission of data in both directions, is what is called “full duplex 

mode”. Full duplex means that the data can be received and transmitted at the same 

time, while duplex means that data can be also transmitted and received, but one at a 

time. 

 It offers the possibility to connect one master with multiple slaves at the same time, 

choosing at any moment with which ones it is desired to speak to. 

Figure 7: Difference between synchronous and asynchronous communication. Source: [9] 
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 The data to be sent has arbitrary choice of message size, content, and purpose, which 

makes it simple and flexible. 

 

Its interface consists of four communication buses: 

 CLK: The clock signal generated by the master that dictates the instructions of the 

whole system. 

 MOSI: Meaning Master Out Slave In, it is the bus responsible for sending the data from 

the master to the slave. 

 MISO: Master In Slave Out, as it is a full duplex communicating system It permits to 

send data also from slave to master. 

 CS / SS: The chip select signal or also called slave select, it is the responsible to 

establish communication or not with each slave, sending a 0 (enabled) or 1 (disabled). 

Normally for every sent message the master opens communication with the slaves and 

closes it after the transmission is done. 

 

Figure 8: Scheme of master device communicating 

with three slaves through SPI. Source: [10] 

Figure 9: Example of a signal sent (S) and another one received 

(F) simultaneously by SPI. Source: [11] 
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For the above reasons, its simplicity, and because the selected board for this project that 

carries the CANFD controller offers an easy access to work with SPI interface, this method will 

be the one selected to build the communication between the Raspberry Pi and the CANFD 

controller on this project. 

The following scheme shows the structure of the datalogger, formed by the CAN FD board 

that will receive the data frames from any device, the Raspberry Pi that will read this frame to 

process it and finally, one SD memory card to store the data buffer in it. 

MISO 

CANFD Board 

Raspberry Pi 

(Data processing) Micro-SD 

Card 

 

(data storage) 

MOSI 

SS 

CLK 

CANFD data 

Figure 10: Scheme of the distribution between components of the CAN FD datalogger. Source: own. 
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4. Hardware description 

4.1. Raspberry Pi 

The Raspberry Pi is a small computer built in a single electronic board running Linux. It offers 

plenty of options to stablish connection with other devices starting by the most essential, which 

are four USB ports to connect mouse and keyboard necessary to operate with it, Ethernet port 

for internet browsing, HDMI, and of course a micro - USB entry for power supply.  

Moreover, it has the GIPIO, which is an arrangement of pins capable of sending electrical 

pulses to communicate with peripherals most likely to be microcontrollers, through various 

communication protocols that has available, being one of them the SPI. 

 

 

 

 

 

 

 

 

 

Also, it has a slot to put a micro-SD card where the operating system will be stored, while at 

the same time all the remaining space will be used as free storage room. 

  

Figure 11: Scheme of the Raspberry Pi GPIO layout. Source: [12] 



CANFD datalogger based on python and Raspberry Pi  Pag. 19 

 

4.2. MCP2517FD CLICK 

The MCP2517FD is an external embedded system that incorporates a CANFD controller and 

a high-speed transceiver in one board, adding a pin setup to send and receive data via SPI, 

which will be connected to the Raspberry Pi. Therefore, it makes it easy to add a CAN FD 

channel to any source. It includes the following features: 

 

 CAN FD bus input 

 It offers improved electromagnetic compatibility 

due to its included transceiver and electrostatic 

discharge performance. 

 The transceiver is designed for high-speed (up to 

5Mbit/s) 

 Supports both, CAN frames in the Classical 

format and CAN FD format. 

 Works with 20MHz or 40MHz of SPI clock. 

 Needs both 3.3v and 5v supply which will be fed 

from the Raspberry Pi board. 

 It carries 32 FIFO’s, that can be configured as 

transmit or receive channels 

 

 

The messages are stored in its RAM memory which is divided in registers, where each one 

has its own identifier or address, and can store four bytes of information in it (one word of 32 

bits). Each register has its own purpose and pre-set parameters that can change its value. For 

example, as shown in fig. 13, the register used to define the identifier of a CANFD message, 

takes four parameters: The “SID”, which is the standard identifier of the message, taking 11 

bits, the “EID”, which is the extended identifier, with 18 bits, the “SID11” parameter which 

consists of one bit that if takes the value 1 the standard ID is extended to 12 bits, and finally 

the last two bits are unimplemented, meaning that it’s value does not matter. 

Figure 12: mcp2517fd click board. 

Source: [13] 
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Figure 13: Transmit message object register. Source: [1] (Page 64) 

 

4.2.1. SPI interface 

In order to communicate with other peripherals using SPI, it is crucial to understand how the 

data must be sent to the controller in order to make it comprehensible, so it can know what to 

do next. For every time it is wanted to establish communication, a message called data buffer 

has to be built. 

As the following table shows, there are three basic commands that can be given to the 

controller, and with them it is possible to execute any action the controller can do.  

 

 

Every instruction is associated with a specific command (C), that corresponds to a binary 

number. This command has to be in first place of the whole data buffer, so the first thing the 

controller will notice is the type of task it has to execute. 

Then the letters A and D stand for “address” and “data”. If the instruction to be given is reset, 

then there is no need of specifying any address or data, so the buffer of information to be sent 

will only be the reset command and the controller will know what to do.  

In case that it is wanted to read some information from the controller, the first chunk of data 

will be again the instruction command, followed by the address from where it is wanted to read, 

completing the buffer of information to send. In exchange, when the instructions are received, 

the controller will return the data corresponding to the given address.  

Table 2: SPI instructions. Source: [1] (page 67) 
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Finally, if the instruction is to write, the buffer to be sent will be composed by the write 

instruction, the address where it is wanted to write, and lastly all the data to write, always 

respecting the maximum of 32 bits per register. In this case, the controller will not return 

anything, but the content of its register will remain modified. 

Finally, for every buffer of information to be sent, the chip select value has to go from high to 

low (1 to 0 in binary) and remain like this until the message has been completely sent, then it 

has to change to high again. If these two actions are not done in every instruction given to the 

controller, it will not receive anything. 

 

Fig. 14 above shows an example of the behaviour of every SPI channel during the execution 

of read and write instructions. As it can be seen, the first thing to happen is the chip select pin 

nCS going from high to low before starting to transfer any data. Once that is done, the SDI pin 

can start receiving the data buffer with all the necessary information, which consists of 4 bits 

for the command instruction C followed by 12 bits for the address A. What happens next 

depends on which instruction was given. If the instruction was write, the controller will keep 

receiving the next bits of information through SDI channel, which are the bits of data D to write 

on the given address, and it will do it automatically once it has received them. If the instruction 

was read, the controller will extract the data from the given address and send it to any device 

through the SDO channel. Lastly, the nCS pin is set to high again stating that the operation 

has been completed. 

 

4.3. Assembly 

The datalogger system is formed by the Raspberry Pi unit and the MCP external CAN FD 

controller, which have to be interconnected by the different SPI buses.  

Figure 14: SPI instruction format. Source: [1] (page67) 
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Firstly, the power supply of the CAN FD board consists of one bus for the 3 V supply, plus 

another one for 5 V, and lastly the ground connection. 

Then, for the communication, the board has “SDO” and “SDI” pins, standing for slave data out 

and slave data in, which will be connected to the MISO and MOSI Raspberry pins, respectively, 

since the output data of the board will be the data income for the Raspberry Pi and vice versa. 

The board’s chip select pin (CS), which will do the function of enabling and disabling the slave, 

-in this case the CAN FD board- will be assigned to a free pin of the Raspberry Pi, so its value 

can be controlled at any time. In the pin layout of the Raspberry Pi, there are some pins that 

have no particular use, and they can be set to 0 or 1 logical value at any time. 

Finally, the SCK pin of the board stating for SPI clock is connected to the CLK pin in order to 

synchronise the clocks of both devices. 

As it can be seen in fig. 15, the Raspberry Pi needs to be connected to other peripherals in 

order to operate with it, since the programming of this project will be done from it and the help 

of a PC will not be needed at any time. The Raspberry Pi needs a power supply of 5v and 3 

A, it has an HDMI port which permits to connect it with a monitor, then mouse and keyboard 

can be added in its USB ports to manipulate it, and finally an Ethernet port adds the possibility 

to connect it to internet so it can connect to other devices to send and receive its files. 

Figure 15: Assembly of the datalogger components. Source: own. 

Power cable 

HDMI port 

Ethernet port 

Mouse + Keyboard 
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5. Development of CAN FD datalogger 

5.1. Initial state 

The starting point of this project was an already developed set of libraries that will be discussed 

later, where the most important one is called “canfdlib.py”, which was a previously created 

library by another student with the purpose to operate with the CAN FD controller trough a 

computer. This library was responsible for the configuration of the controller, and the gathering 

of all necessary functions to work with it. The used connection element between controller and 

PC in this scenario was the MPSSE (Multi-Protocol Synchronous Serial Engine), a cable that 

transfers information between a USB port and SPI. 

Therefore, as canfdlib had been designed for a different purpose, next step was to re-design 

it in order to make it functional for the communication with a Raspberry Pi instead of a 

computer. To do so, it was necessary to remove all the functions and parts of the code related 

with the USB connection, and re make them in order to work with the SPI protocol. 

Before making any modification to the library, the way it works in every part had to be well 

understood in order to know which elements had to be changed and how, and thus it will be 

explained.  

Canfdlib contains the CANFD_SPI class. This class defines an object that will represent the 

SPI communication itself, and it will be the container of all the following functions, called 

methods of the class. Finally, these functions can be classified in different groups or sections 

where each one carries out a specific task, and they will be discussed hereafter.  

On the first lines of the original canfdlib, all libraries needed (constants, classes, binascii,...) 

are called in. These libraries contain the constant parameters and basic functions that will be 

used repeatedly in canfdlib. Then, the __init__ method is called to create the CANFD_SPI 

object, setting all needed parameters to define it. 

Next step is to create all the variables that will be used by the following functions (transmit and 

receive buffers, error flags, operation mode…etc.) and setting them to default values, which 

are imported from the constants library. 

The first function called “initialize”, is used to prepare the CAN FD controller to be used by 

resetting it to default state and set up the configuration registers. Then, the basic functions that 

will be used to establish communication via SPI are defined, such as writeByte and readByte.  

Next group of functions is the bigger one, and takes the role of configuring the controller (setting 
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up which the transmit and register FIFO registers are, setting up operation mode, initialise the 

RAM memory…). Finally, the last group of functions which will be discussed more consistently 

in 5.4.2, are the ones that will be used in the datalogger main script.  

It is composed by more complex communication functions, such as transmitMessageTasks, 

transmitChannelEventGet and TransmitChannelLoad. The task they do when working 

together is to check if the FIFO queue is empty before sending a message, and if empty, the 

message is then sent to the controller. The same operation happens when a message has to 

be received from the controller to any device. 

 

5.2. Modification of the CAN FD library 

In this chapter the process followed to change and improve the original source will be 

explained. When the code was well understood, it was time to discard the useless files and 

select the ones that had to be reconverted, which where the following: 

 CAN FD library “canfdlib.py” whose structure has been exposed earlier. 

 The “constants.py” file that contains all the unvarying parameters and useful register 

addresses of the controller. It also contains parameters such as the basic SPI 

instructions (reset, read, write), CAN operation modes (which are encrypted in 

hexadecimal values), message ID’s and many other parameters that would take too 

much space if written inside of CAN FD library.  

 The “classes.py” file defines every important register of the controller as an object with 

its own parameters and properties in order to make them easy to set and edit later. As 

explained earlier, each register consists of four bytes or 32 bits of information, and each 

one has a different purpose, having different parameters of different lengths. Finally, 

every register object offers the option to build a word automatically by putting together 

all the parameters of the register by their correct order, which is useful when all the 

parameters are defined, but it is wanted to write the whole register in the address, so 

it can be done with a simple “self.writeWord(registerObject.word, address)”. 

 The “rw_test.py” file is a Python script that calls every function of the CAN FD library 

and puts it to work in order to check that they are all correct and functional. 
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One of the original files was “ft.py”, a library that makes possible the communication between 

a USB port and SPI through the MPSSE cable, containing all basic functions for 

communication, classes and needed parameters. This library carried a class that represents 

the SPI communication as it happens in canfdlib, which is called “SPI” and contains the basic 

functions to communicate through it. 

As MPSSE cable will not be used, ft library was removed and the line that imported it in canfdlib 

was deleted.  

With the useless files discarded and the ones to be changed selected, it was time to focus on 

making them work for the purpose of this project. As canfdlib contains all the functions 

responsible to execute every action, first task was to make sure that messages could be sent 

to the CAN FD controller and also be read from it. To do so, the first functions that needed to 

be changed where: assert, deassert, read and write. All of these functions where using 

elements imported from ft library or they were entirely written in it, and now as this library had 

been disassociated from canfdlib they had to be re-written inside of it instead of being called 

in from outside. 

 

 

5.2.1. Assert / Deassert 

What assert and deassert functions do is to change the value of the chip select pin. As 

explained before in the hardware description, before giving any instruction to the controller chip 

select it has to switch from logic 1 to 0 (deassert), and when finished it has to come back to 1 

(assert). 

At first instance assert, deassert, read and write where already made as methods of the “SPI” 

Class CANFD_SPI 

Class SPI 

Figure 16: Initial files of the project with their principal classes. Source: own. 

(Deleted) 
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class in “ft.py” library. Then on “canfdlib.py”, they were inherited by the CAN FD class using 

the super() function. Super() function permits to take all the methods from a “father” class and 

put them into a new one that will inherit them.  

For this reason, in order to call these methods from “canfdlib.py” it was only necessary to write 

“self.assert.cs()” as if they were written in  the same file, not needing to be imported from ft 

library. As this SPI class from the ft library would no longer be used, the line that called the 

super() method was removed from the code. 

 

 

To create the new deassert function, first of all the chip select pin (Cs) had to be pre-set as an 

output signal of the Raspberry Pi with the command “GPIO.setup(cs, GPIO.OUT)”, so it 

prepares it to send a signal rather than receive it. For the Cs signal, the pin number 11 was 

used because it has no particular use, so the signal it sends can be manipulated at any time. 

Then chip select is disabled by using the command GPIO.output(cs, False) every time that the 

function is called, and exactly the opposite order with assert function.  

 

5.2.2. Read / Write 

Next functions to add in the CANFD_SPI class where read and write functions, which are 

responsible for sending and receiving data between the Raspberry Pi and the CAN FD 

controller. Write is a basic function that only sends a buffer (list) filled with n bytes to the 

receiver without needing permissions or an address, while read gets the number of bytes that 

have to be read from the communication channel, called FIFO (first-in-first-out).  

To implement these new functions, it has been necessary to either build them from scratch or 

look for an already existing library that uses basic functions for transmitting data through SPI, 

and finally one already made library has been found. The selected library to do that was 

Listing 1: Super function in canfdlib. Source: own. 
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SPIdev, which contains readBytes and writeBytes, two functions that do the same task as read 

and write. 

As readBytes, writeBytes, assert and deassert are basic functions, they are used by more 

complex ones many times, so in every place they appear, they have to be replaced by the new 

ones. These functions appear on every place where a load of data has to be sent between the 

controller and the Raspberry Pi: readBytes or writeBytes is called to give the instruction, 

encapsulated by deassert and assert functions which have to be called to set the cs value to 

low and set it back to high when the transmission is done. 

 

5.3. Running CANFD library: Tests 

With the implementation of the previous arrangements, the modified library was prepared to 

pass several tests in order to check its behaviour. Each one is focused on a different group of 

functions, making a total of six tests that have been put one followed by another in the same 

script. 

If the library is capable of passing all of them, it means that every function has been 

successfully executed and the library is ready to be used. 

But before successfully running any test, a couple of problems that appeared when trying to 

use canfdlib.py had to be solved in order to get the library running properly.  

At the first attempt to read the content of a register by using readbytes, no error appeared on 

the screen, but something in the SPI connection seemed to fail, as no data was being read 

from the controller. In order to find where the problem was, the Raspberry Pi pins used for 

communication were checked one by one with an oscilloscope, what permitted to visualise the 

behaviour of the corresponding pulse.  
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First, it was cleared that every pin was in its correct position by checking their voltage signals. 

It was then noticed that the clock pin had no pulse, which meant that the SPI communication 

had not been correctly initialised. Knowing this issue was happening, it was solved by adding 

the line shown in listing 2 that is responsible of initialising SPI. 

 

5.3.1. Test 1 

The first test will determine if the Raspberry Pi is capable of transmitting and receiving data 

through SPI by using the basic communication functions. This will be proven by trying to read 

an already known buffer of data from a particular address, and so if the received data is the 

expected, it can be proven that the functions writebytes(), readbytes(), assert(), deassert() and 

reset() work without problems. 

To run this test, firstly the list that will contain the buffer of data to send is created and the 

known address is defined. 

Then, the information that will go inside of the empty buffer is generated byte by byte, 

respecting the order that has to be followed so the CAN FD controller can process it. First 4 

bits are for the command, which in this case takes the value 0b0011 as the instruction is to 

Figure 17: Read instruction structure. Source: own. 

DATA BUFFER 

Listing 2: canfdlib. Source: own. 
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read. Then, the address, and lastly, only in case the instruction is to write, the data that it is 

wanted to transfer. 

When the data buffer is completed, deassert sets nCS to low and writebytes function is called 

to send it through SPI, and so the controller receives the instruction to read the content of the 

register corresponding to the address A. Then, the data extracted from the register is prepared 

to be sent back to the Raspberry Pi, and immediately next the readbytes function is called so 

the Raspberry Pi reads the information that comes from the MISO channel. Finally, the nCS is 

set to high again with assert function, and the expected value is obtained by the Raspberry Pi. 

 

5.3.2. Test 2 

The second test is done to check if the library can change the content of a register and then 

set it back to the previous value by resetting it, using the commands write, read, and reset. 

To carry out this test, firstly the four bytes of an editable register are read to know their value. 

Then four bytes of zeros are written over the original data and the register is read again to 

check if its content has changed correctly.  Once that is done, the content of the register is set 

to its original value by sending the reset command, which has the function to re-establishing 

Listing 3: Test 1 results. Source: own. 

Listing 4: Test 2 results. Source: own. 
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the content in every register of the CAN FD controller memory. Last step is to read again the 

same register and compare the result with the first reading that was done to it, which showed 

no differences, as expected. 

 

5.3.3. Test 3 

This test will check if the library is capable of reading data from the CAN FD controller by using 

readByte, readByteArray, readWord and readWordArray functions.  

The difference between these functions and the previous ones is that readByte, readByteArray 

etc. are more complex, and each one is designed to read a specific quantity of information 

instead of any load of data. For example, readByte as its name suggests, can only read one 

data byte at a time, and readWordArray can only read in groups of four bytes.  

These functions take an address as a parameter, and the buffer of data to execute the 

operation is automatically made by the function and sent to the controller, facilitating the 

process. 

To check the correct execution of the mentioned functions, different readings of the same 

register are done, using each one. First only the first byte of the register is read by calling 

writeByte. Then, the register is read as an array of four bytes with writeByteArray. After that, it 

is read as a word of 32 bits with readWord and finally, as a two-word array with readWordArray. 

 

 

Listing 5: Test 3 results. Source: own. 
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5.3.4. Test 4 

This test is similar to the third but instead of just reading the register now data is written on it 

by using writeByte, writeByteArray, writeWord and writeWordArray, and then it is read to check 

if it has been correctly written. Every time this is done, the reset function is called to set the 

register back to the default state. 

 

 

5.3.5. Test 5 and 6 

Once all basic functions responsible of transferring data have been tested, RAM test is 

executed, where random bytes are written in the RAM memory with various lengths of 

messages. The test returns -1 if some value is mismatched, and stops the test. If nothing goes 

wrong, it returns 1.  

Test 6 is remarkably similar to test 5 but it operates with the CAN FD controller registers and 

the code will be attached on the annex. 

 

Listing 6: Test 4 results. Source: own. 

Listing 7: Test 5 and 6 results. Source: own. 



Pag. 32  Report 

 

5.4. Setting up loopback mode 

Once it had been proven that all functions of the library were working correctly, it was time to 

use them together.  

The objective of this part of the project was to create a new script that simulates a realistic 

usage of the CAN FD datalogger interacting with a car. To recreate this situation, the intention 

was to set up a loop in which the Raspberry Pi creates a random CAN FD message and checks 

if the TX buffer is not full. If not, sends it to the controller as it was being sent from a car. When 

the controller has received this message the Raspberry Pi checks if there are any new 

messages in the RX buffer, and if affirmative, it reads the complete CAN FD message 

extracting the data from it and saving it in a text file. 

In the first lines of the loopback mode script, the main libraries canfdlib and constants are called 

in. Random library is also used in the process to create the CAN FD messages that will be 

explained hereafter, binascii is used to help visualize all the different numeric formats that will 

be used, and finally time and datetime libraries will allow to know the exact time the messages 

arrived in the Raspberry Pi, so this information will be added next to the text file. Next the SPI 

connection is set up by defining the “canfd” object which represents the CANFD_SPI class, 

and calling the initialize function to configure the controller. Then the controller operation mode 

is set to loopback mode and finally the loop that will contain all the steps is created. 

 

5.4.1. Creation of random parameters 

The first part of the loop has the function to create the random elements of the CAN FD 

message that will be sent to the CAN FD controller. 

Firstly, the length of the data buffer that will be sent (DLC) is defined by generating a random 

number of bytes between 1 and 64, as this is the maximum data length that CAN FD allows. 

Then, for every byte in the DLC, a random value is generated and put in a list, generating the 

buffer of data that will be transferred, called txd. Then the identifier of the message is defined 

by creating a random number of 11 bits of length. 
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5.4.2. Message transfer 

The second part of the loop has the goal to send the CAN FD message to the controller. 

The function responsible for this action is called transmitMessageTasks, and takes the 

previously made identifier, txd and the DLC as parameters. TransmitMessageTasks is 

subdivided in three steps that will be explained hereafter.  

Firstly, transmitMessageTasks defines the values of all the parameters that form the CAN FD 

message (SID, EID, DLC, FDF, IDE…). 

The second task this function does is to check the register that shows the state of the TX flags 

by calling the transmitChannelEventGet function. TX flags are responsible of reporting the 

status of the FIFO channel configured as a transmit one, and they are used to check if it is full 

or not. If TX FIFO channel is not full, this means that the message can be sent, and if it is found 

out that the channel is full, the transmission is aborted. 

The last task then is to prepare the CAN FD message and sent it. This operation is developed 

by transmitChannelLoad function, which creates a buffer of data that will be filled by every part 

of the whole CANFD message in the correct order, and finally sending it to the controller with 

the writeByteArray function. 

 

5.4.3. Receiving the message 

Once the controller has received the CANFD message, the Raspberry Pi proceeds to read it. 

The function called to do this is receiveMessageTasks, which has a similar structure than 

transmitMessageTasks, but without the first step. 

RX flags are read by calling the receiveChannelEventGet function. If the RX FIFO channel is 

not empty, recceiveMessageGet function is called to read the message in the RX FIFO 

channel. If it is empty, the task is finished. 

 

5.4.4. Data logging 

Finally, when the CAN FD message has been read from the CAN FD controller, the last part 

of the loop has the objective to create a text file and then store in it every message received 

from the controller, showing a history of all the data obtained. 

To do it, firstly the time when the message was received is saved by calling the datetime library 
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and the function now. Then, the text file is created by using the open command. In the next 

lines, every part of information that is wanted to include is added, and the format in how it will 

be displayed is set up. As it can be seen on Listing 8, every message received will be written 

in a row, where first the time when it arrived will be shown, then the length of the message, 

followed by its identifier, and lastly the message will be shown in hexadecimal format. 

Lastly, as an extra feature, the whole loop was introduced inside of a conditional command 

that is able to break it at any time by pressing control + C keys on the keyboard, giving the 

option to manually end the program. 

 

5.5. Modifications and improvements on the original code 

Once the whole library was functional and it could run in loopback mode without any problems, 

it was decided to optimize some details of the library with the goal to make it easier to 

understand and to work with. 

 

5.5.1. Modification of transmitMessageTasks and transmitChannelLoad: 

The original transmitMessageTasks function, which has the responsibility to elaborate a 

complete CANFD message by joining all of its elements and send it to the CAN FD controller, 

only received the data buffer to transfer txd as a parameter. That was because the identifier of 

Listing 8: Data logged on text file. Source: own. 
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the message and its DLC were intrinsic properties of the message, defined before by another 

function called initTxObj.  

The task initTxObj developed was to define all of the CAN FD elements and giving them their 

values. As this simple task could be included inside of transmitMessageTasks, the function 

initObj was deleted and included on the first lines of transmitMessageTasks, as it can be seen 

on the green rectangle in listing 9.  

As a consequence of the last modification done in the function, the identifier of the message 

and the DLC were added as parameters, and thus they may take any value. As DLC was now 

a given parameter, there was no necessity of using the expression “self.txdlc”, which was fixed 

to 64 in the original code. Thus, it was deleted from the code.  

With the addition of the new parameters, as it can be seen in the blue rectangle in listing 9, 

three evaluations were added to the code in order to make sure that the given values are 

correct. In first place, it is checked that the value of the message identifier is not bigger than 

0x7FF, as a CAN FD standard identifier takes 11bits. Secondly, it is determined that the length 

of the data buffer is not smaller than the actual DLC, and the last test checks if the DLC takes 

a valid number, as the CAN FD messages have to take a particular length between 0 and 64 

bytes, as shown in table 1. If any of these three tests is not passed satisfactory, the function 

ends the task and returns an empty list.  

The last modification done in this function was deleting an unnecessary part of the code, shown 

in the red rectangle in listing 9. As all necessary tests to prove that the parameters were correct 

were already taken and simplified in a short space, the part of the original function that checked 

that the DLC matches the length of the data buffer was no longer needed, thus removed. 

 

 

 

 

 

 

 

 

 Listing 9: TransmitMessageTasks function. Source: own. 
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Iden and DLC parameters are then added to transmitChannelLoad. As this function is inside 

of transmitMessageTasks, these parameters are directly transferred to transmitChannelLoad, 

which uses them later to build the CAN FD message. 

Finally, as it was found out that the property self.state is not used in this project, it was deleted 

from all the library. 
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5.6. Filters and masks 

When the datalogger was finally functional and optimized, in order to make it a more complete 

device, it was wanted to incorporate hardware filters and masks. In electronic terms, a filter 

refers to an obstacle that only permits to pass the desired information through a communication 

channel, and blocks the rest of it. As filters can either work with software or hardware, the 

difference between them and why it was decided that was better to implement a hardware one 

will be explained hereafter. 

Software filters can be implemented by programming functions that take the parameters that 

are wanted to filter, evaluate them and decide if they can pass or not with a conditional 

command. As they work by calling software commands, these filters are easier to implement, 

but the disadvantage that they present is that working with software functions makes the 

device’s CPU actively analyse the variables that are wanted to be controlled, adding more 

computational load to the whole system and therefore making it slower and less efficient. 

On the other hand, hardware filters are more complex to program, but they work by using 

passive elements, which means that they do not use resources from the CPU unit, making 

them the most efficient option.  

The variable that was wanted to control or filter in this case was the identifier of the CAN FD 

message, as it describes which magnitude does the data quantify (voltage of the battery, 

temperature of a component…etc.). In a practical use of the datalogger, its user may not have 

interest on getting all the data that comes from a vehicle, but just gathering data from a certain 

part. 

 
On the other hand, a mask is a data buffer that has the same length as the filter, and it is 
used to determine which bits of every checked message must be compared with the filter to 
see if they match. If the mask bit is logic 0, the corresponding bit of the message is allowed 
to pass, regardless of its value. And if equals to logit 1, the corresponding bit of the message 
must match the filter bit. 
 
  

0 1 1  0 0 0 0  0 0 0 0 

1 1 1  0 1 0 1  1 1 1 0 

0 1 1  1 0 0 0  0 0 0 1 

Filter 

Mask 

Message 

Message can pass 

Figure 18: Example of the filter and mask behaviour. Source: own. 
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5.6.1. Classes 

In order to start working with filters and masks, it was necessary to insert the structure of all 

the registers that would be used. The two most essential registers for using filters on this 

controller are CiFLTOBJ and CiMASK registers, which represent the filter object and mask 

object itself, and they are defined by the following parameters: 

 SID (11bits): This parameter takes the value of the identifier of the CAN FD message 

that is wanted to filter. 

 EID (18 bits): In case of working with an extended CAN FD format, this parameter 

takes the value of the extended identifier that is wanted to filter. 

 SID11 (1 bit): This parameter takes one bit and equals to logic 1 in case the standard 

ID has to be extended to 12 bits. 

 EXIDE (1 bit): This bit determines if either extended or normal identifier messages are 

matched. As shown in table 3, the result not only depends on its value, but also 

depends on the value of the same bit for the mask object called MIDE. 

 Unimplemented (1 bit): The last bit of these two registers is not used and read as a 

logic 0 

 

 

 

 

 

 

EXIDE\MIDE 0 1 

0 Standard Identifier Extended identifier 

1 Extended identifier Standard Identifier 

Table 3: EXIDE/MIDE values. Source: own. 

Figure 19: CiFLTOBJ register. Source: [1] (page 13) 
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Lastly, CiFLTCON register was added to classes. This register is also associated with every 

existing filter on the controller, and its function as its name suggests, is to control them by its 

two parameters. The first one, called Enable takes only one bit and it is the responsible to 

enable or disable every filter associated to it, being disabled when its value is logic 0 and vice 

versa. The second and last parameter, called BufferPointer, takes 5 bits and its function is to 

indicate in which channel the corresponding filter has to be applied. For example, in this case 

the filter has to be applied in the FIFO channel configured as the receive channel (RX).  

This register only takes one byte of information for each filter instead of taking 32 bits per filter 

as the rest, and the remaining two bits that were not mentioned are unimplemented.  

 

 
To define those registers and their parameters, a class for each one of them was created. As 
it can be seen in listing 10, these classes were divided in two parts. The first one is for 
defining the register with its parameters by using _fields_ command, and the second part 
provides the register object with the capacity of writing it automatically in a word of 32 bits, 
adding all the parameters in order to the resulting data buffer. 

 

Listing 10: Structure of a register class. Source: own. 

Figure 20: CiFLTCON register. Source: [1] (page 13) 
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Finally, the first three addresses referred to the three different types of filter register, 

CiFLTOBJ0, CiMASK0 and CiFLTCON0 were added as variables to the constants file in order 

to work with them later. Each one of these types of registers has 32 channels as MCP2517FD 

CLICK allows to have 32 different filters active. Therefore, each channel was also added as a 

variable and linked to a number from 0 to 31. Adding this list, will allow to find the address of 

any filter register. For example, the CiFLTOBJ address for filter 3 would be: CiFLTOBJ0 + 

CAN_FILTER3. 

 

5.6.2. Functions 

Once the registers are recognised by the library, it is possible to create objects with their 

parameters, edit them easily and write them in a word of 32 bits format if necessary. The next 

step is then to create the functions that would execute the operations to make the filters work. 

 

5.6.2.1. filterDisable / filterEnable 

As it is mentioned on the MCP2517FD CLICK datasheet [1], filters can only be modified while 

they are disabled. For this reason, a function called filterDisable has been created in order to 

automatically disable any filter when needed. 

This function takes the number of the filter’s channel that is wanted to disable as a parameter, 

and then it creates the address of the CiFLTCON register that refers to this filter by summing 

the address of CiFLTCON0 plus the given number of the channel.  

Then, it saves the byte of the previously made address on a CiFLTCON object in order to 

change its enable bit from logic 1 to logic 0 and finally, overwrites the modified byte on the 

same address, having changed this filter from enabled to disabled. 

Listing 11: filterDisable function. Source: own. 
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5.6.2.2. filterObjectConfigure / filterMaskConfigure 

FilterObjectConfigure and filterMaskConfigure functions are needed to setup the CiFLTOBJ 

and CiMASK registers. Once their parameters are defined, this function automatically writes 

the words of 32 bits that represents the CiFLTOBJ and CiMASK in its register, and it does it in 

two steps. 

First, the address where the register belongs is defined, and then, since the parameters of the 

register are already defined, the word command is called in order to put them in order inside 

of a data buffer of 32 bits of information, and finally this word is written in the defined address. 

 

5.6.2.3. filterToFifoLink 

Lastly, filterToFifoLink has the objective to set up the CiFLTCON register, giving values to its 

parameters BufferPointer and Enable.  

To give these values, they are directly acquired as a parameter of the function. Finally, it 

creates the resulting buffer of data by calling the byte command, and writes the content of the 

register in its address defined by CiFLTCON0 + the channel of the filter, as in the other cases.  

 

5.6.3. Script 

Once the classes and functions needed have already been created, they can be used together 

and finally set up the filters to work. The part of the canfd library where the filters would be set 

up is inside the initialize function, as it is the responsible of setting up the CAN FD controller 

before start working.  

In order to set up the filters and masks, first of all the filterDisable function is called, since they 

cannot be modified while active. Then, the filter that is wanted to apply is defined by giving 

value to all of its parameters, and since in this case it is wanted to filter the identifier of a non-

extended CAN FD message, the only important parameter of the filter that has to be given is 

the SID, which indicates the message identifier that is wanted to not let pass. 

Once the filter is defined, filterObjectConfigure function is called in order to write it in its register, 

which will be the first one, as we are only using one filter. 

Then, the masks are defined following the same procedure but when defining its parameters, 

the given value for the MSID is 0x7FF in hexadecimal, or eleven 1’s in binary, as the CAN FD 

standard identifier has 11 bits and all of them are wanted to be checked. 
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Finally, when both filter and mask are defined and set up, filterToFifoLink is called to set them 

up in the rx channel, as shown in the following listing 12. 

 

Once the implementation of the filter is complete, it is convenient to add the option to enable 

or disable it in a simple way from outside of the canfd library. That is why a new parameter is 

introduced in the CANFD_SPI class called Filter, which if equals to Boolean False, a 

conditional command causes that the init function does not create the filter parameters and 

neither call the functions to activate them.  

5.6.4. Errors 

Before the library could run correctly with the implementation of the filters, some errors had to 

be identified and fixed as it will be explained in this section. 

At the first attempts of running the library in loopback mode it was noticed that the Raspberry 

Pi terminal was only sending messages but not receiving any of them, meaning that the filter 

was not letting pass any message. With the help of printing some variables during the 

execution of the program, it was found out that the problem was originated in the classes file. 

As explained in 5.6.2.2 once all the parameters of the filter and mask are defined, the word 

command is called in order to write them all in order in the belonging register, but it was 

detected that these words were not correct. 

As the correct way to automatically create the filter and mask words was not found in the 

Listing 12: Filter and mask set-up. Source: own. 
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beginning, a provisional solution was devised, consisting on creating the word “manually” by 

creating two new functions, called filterWord and maskWord. These functions take all the 

parameters of the parameters of the CiFLTOBJ register and build byte by byte the complete 

word by using bit operators.  

This solution was convenient to make the program work until a better solution was found, but 

it was not optimal, considering that adding functions requires more CPU usage and this is what 

it is tried to avoid when using hardware filters.  

Finally, it was found that the error that made the CiFLTOBJ and CiMASK classes not work 

properly was that they had to be written using big endian structure instead of little endian 

structure, and the problem was finally solved by making this adjustment. 

 

5.6.5. Tests 

For the final part of the filter implementation into the code some tests were passed in order to 

check that the library could run without any problems and the filters worked as expected. 

 

5.6.5.1. Test 1 

For the first test the objective was to only let pass messages with an identifier of 0x123 in 

hexadecimal format. Then, the filter was set to 0x123 as it was the aimed value. As only 

messages with this value could pass, the mask was set to 0x7FF, which corresponds to all 11 

bits equal to logic 1 as the complete identifier had to match the filter.  

In the loopback mode script, random identifier values between 0xF1 and 0x155 in hexadecimal 

format were taken for the testing, which makes an interval of 100 values containing 0x123. 

With the help of printing the identifier that resulted from the random choice in every iteration of 

the loop, it can be seen which CAN FD messages have successfully passed the filter and their 

identifier in the shell. 
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Listing 13: Fragment of test 1 results. Source: own 

As it can be seen in listing 13, only messages with a 0x123 identifier could be received (RXD) 

for the Raspberry Pi, and the rest of them where sent (TXD) but never received. 

 

5.6.5.2. Test 2 

For this second test, only CAN FD messages with an identifier ending in “23” in hexadecimal 

format were allowed to pass. In order to do this, the filter was set to 0b 111 0010 0011 in binary 

format where the first 3 bits are free as they do no determine if the number ends in 23, thus 

they will not be checked. Then the mask is set to 0b 000 1111 1111 in order to check only the 

last 8 bits, which are the ones that have to match with the filter in order to make a number that 

ends in 23.  

For this test, random values will be taken from 0x10 to 0x400 in hexadecimal format, making 

an interval that takes 0x23, 0x123, 0x223 and 0x323 values ended in 0x23. The test was 

executed for a time long enough to spot these values and determine they were the only ones 

to pass. 
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Listing 14: Fragment of test 2 results. Source: own. 

 

5.6.5.3. Test 3 

For the last test, it was wanted to only let pass CAN FD messages with an odd identifier 

number. As in binary odd numbers end in 1 and pair numbers in 0, the filter was set to 0b111 

1111 1111 where the only important bit is the last one as the objective is that the message has 

its last bit equal to 1. For the mask, as only the last bit of every message had to be checked, 

took the value 0b000 0000 0001. To do the test random values between 0x0 and 0x7FF were 

taken for the message identifier. 

Listing 15: Fragment of test 3 results. Source: own. 
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6. Temporal schedule 

This project has taken since February 2020 until June of 2020, and the time taken for the 

different phases of it can be seen in Fig. 21 where a Gantt diagram has been built to visualise 

it. The principal phases in which this project has been divided are the following: 

 Previous research of the CAN FD protocol, SPI connection, overall knowledge related 

to micro controllers, research on some Python functions that can be helpful… 

 Effective research directly related with the CAN FD datalogger by reading and 

understanding the datasheet of the mcp2517fd click board, as how their commands 

work, useful registers… 

 Making the assembly of the hardware by understanding the pin layout of the Raspberry 

Pi and the CAN FD controller, making the SPI connections and also installing al the 

software needed for the Raspberry Pi to work with it. The operating system (Linux), the 

code editor… 

 Writing the code of the datalogger. This task includes all of the descriptions of the 

software made in this memory of the project. 

 Testing all of the edited or made functions of this project, and also the tests made to 

check the correct behaviour of the implemented filters. 

 Writing the memory of the project. 
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Figure 21: Temporal schedule in Gantt diagram. Source: own. 
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7. Budget 

The budget of the project will be discussed in this section. As it can be seen in Table 5, the 

costs of this project are divided in the costs of the physical components needed to assembly 

the datalogger (the CAN FD controller, the raspberry Pi and its needed peripherals, the cables 

for the SPI connection… ) and on the other hand, the service of the engineer responsible to 

design it and elaborate it, counted in hours of work. 

The work in hours is broken down in table 4, describing the different aspects that had to be 

covered and that are billable. The rest of hours of work that do not enter in these categories 

(as research, comprehension of the source code…) will not be considered in the costs. 

 

  

Element Quantity Unit Price (€) Total price (€) 

Raspberry Pi 1 37,44 37,44 

MCP2517FD CLICK 1 42,41 42,41 

Monitor 1 100 100 

Keyboard 1 15 15 

Mouse 1 5 5 

Female to female board jumper wires 1 2,26 2,26 

HDMI cable 1 7,29 7,29 

Human resources (services in hours) 408 Table 4 9775 

TOTAL 9984,4 € 

Task Price per hour Total of invested hours 

Research 20 25 

Hardware assembly 15 6 

Code 25 210 

Tests 25 87 

Elaboration of the report 22 80 

Table 5. Costs of the project. Source: own. 

Table 4. Breakdown of the hours in different activities. Source: own. 
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8. Environmental impact 
 

As electronic devices are made of semiconductor materials that can be harmful for the 

environment if not properly recycled, it is always important to analyse its life cycle.  

Regarding to the Raspberry Pi, which is a small computer with remarkably high quantity of 

these materials, it adheres to the EU regulations in relation to the supply of electronic 

equipment. Over the last decade, several initiatives against e-waste that ends up in landfills 

on electronic manufacturers have been coming out as it can be seen in [15]. 

The factory which produces the Raspberry Pi units is owned by Sony, a company that extracts 

for itself the minerals needed for its electronic components. These materials, which are called 

“conflict minerals” come in their majority from countries with poor care for the environment as 

for equality and worker rights, and that is why Sony has its policy that applies to the 

components they source right down to the ores mined [16]. 

The fact that the Raspberry Pi foundation is associated to Sony, also made a great change in 

sustainability as previously all of its electronic components were imported from China, and 

since they affiliated with Sony their production moved to the U.K., where their company is 

settled, saving an important footprint cost for the transportation between these two countries. 

On the other hand, the fact that this project implements CAN FD instead of normal CAN makes 

a great difference in terms of energy consumption for the motives below.  

As explained in section 3.2.1.2, CAN FD can transmit data frames at a significantly higher 

speed than normal CAN. Needing less time to send every data frame reduces the amount of 

wasted energy, which at a useful life time scale, can make a remarkable difference in terms of 

energy consumption. 

Table 6: CAN vs. CAN FD transmission speed. Source: [22] 
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Conclusions 

The objective of this project has been accomplished. A functional CAN FD datalogger capable 

of implementing hardware filters has been developed from a slave MCP2517fd click board 

used as a CAN FD external controller, and a master Raspberry Pi used as a storing device, 

connecting them through SPI communication.  

Also, an already existing library used to communicate a PC running Windows with the 

MCP2517FD click device through SPI communication has been successfully modified and 

improved in order to work with a Raspberry Pi. This library is capable of accessing all the 

different important registers of the MCP2517FD click and modify them in order to set it up and 

start receiving messages from any source capable of sending CAN FD messages, and send 

them to the Raspberry Pi where they will be saved in a text file with the time and date of 

reception (timestamp). 

For future projects as a continuation to this one, the majority of the source code can be 

improved by optimizing it, as it uses a notorious amount of unnecessary commands (if and for) 

that makes the code imperfect and could be undoubtedly more efficient. 

In addition to that, a WiFi module could be  integrated to the datalogger in order to make it 

capable to communicate with other devices in order to send the data it gathers instantly, and 

not needing to use a micro-SD card to store the information in it. 

Personally, this project has given me knowledge in micro controllers, software and electronics 

from a point where I had no base, proving to me that if something is appealing, it can be learnt 

much faster than one can expect. CAN FD is a very powerful communication that has its place 

in the future, and I appreciate having learnt on how to use it as it may be useful for the 

upcoming years. On the other hand, I have learnt how the Raspberry Pi is such a good option 

to launch a huge variety of projects for its potential, and these are only some of the things 

amongst many others. 
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