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Abstract

This bachelor’s thesis describes the pro-
cess of designing and realization of a hard-
ware module, which will be used mostly
in automotive industry. The function of
the module is simulation of several LIN
slaves depending on orders and informa-
tion received through CAN bus. Then
the process of implementation of software
follows. The module consists of a proces-
sor, LIN, CAN and SWD interfaces. The
goal of this thesis is implementation of
a working module, which will be able to
send data to LIN bus and then change this
data on request from CAN bus. The first
part of the document focuses on the the-
oretical knowledge needed to implement
and understand the module, such as used
technologies. The second part deals with
the description of the module itself, used
components, connection of the circuits,
PCB layers, the explanation of the code
parts and its algorithm. The outcome of
the work is the design, the module and the
program for configuration of the module.
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Abstrakt

Tato bakalarskd prace popisuje navrh a
proces realizace hardwarového modulu,
ktery se bude pouzivat prevazné v auto-
mobilovém primyslu. Hlavni funkei mo-
dulu je simulace nékolika LIN slavi na
zékladé prijatych pozadavkl od sbérnice
CAN. Déle je popsan postup implemen-
tace softwaru. Modul se sklada z proce-
soru, rozhrani LIN, CAN a SWD. Cilem
této prace je implementace funkéniho mo-
dulu, ktery by byl schopny odesilat data
na sbérnici LIN a pak tato data ménit
podle pozadavku ze sbérnice CAN. Prvni
cast této prace se zabyva teoretickymi zna-
lostmi, které jsou potfeba védét pri im-
plementaci modulu a pro pochopeni jeho
fungovani, jako napriklad pouzité techno-
logie. Druhda ¢ést se soustfedi na popis
samotného modulu, pouzitych soucéstek,
zapojeni obvodi, vrstev desky plosnych
spoju a vysvétleni ¢asti kodu a algoritmi.
Vysledkem prace je ndvrh, samotny modul
a programové vybaveni pro jeho konfigu-
raci.

Kli¢ova slova:

LIN, CAN, modul, DPS

Preklad nazvu: Simuldtor LIN Slave
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Chapter 1

Introduction

Nowadays we can observe, that engineers of automotive industry replace
mechanical elements with much more intelligent mechatronic components and
systems, which need a way to communicate with each other. This is where
networks that are relying on wires come in handy. Usually, they are relatively
cheap and fast and sometimes even more reliable than mechanical types of
data transferring which makes them even more useful. But what if these
wires with data, so-called buses, of different types should send some orders to
each other? It seems that additional device would be necessary, a device that
can access both networks in some way and influence communication on one
bus with orders received from the other bus.

This project is focused on the design of such a device and then its further
configuration. The main requirements are the provision of a possibility of the
configuration of communication frames on LIN bus via CAN bus, support
of transmission of Event-driven frames. It might be vital in case of testing
the networks or some of the nodes of the LIN bus break down but their
contribution into communication on the LIN bus is needed. As I have already
mentioned, this device can be used in automotive industry, such as Skoda
Auto for example. Similar devices exist, such as [Emul, but their prices start
at $355 (7277 CZK) according to [Phy], so there is also a secondary goal to
lower this price.



1. Introduction

. 1.1 Used Abbreviations

® CAN - Controller Area Network
® LIN — Local Interconnect Network

® U(S)ART — Universal (Synchronous) Asynchronous Receiver and Trans-
mitter

® MCU — Microcontroller Unit

m JTAG - Joint Test Action Group

® ASICS — Application-specific integrated circuit
# CRC - Cyclic redundancy check

® PCB — Printed Circuit Board

® [ — Electric Induction

B | — Electric Current

B V — Electric Voltage

# SMT — Surface Mount Technology

® TVS - Transient-voltage-suppression diode
# SWD - Serial Wire Debug

® [DE - Integrated Development Environment
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Chapter 2

Introduction

This part is dedicated to the description of technologies used for fulfilling this
project.

The first chapter will focus on the network technologies such as CAN and
LIN. This part will contain communication examples of these networks and
also general information about UART technology.

The second chapter consists of more abstract conception about power
supply, components and LED connections.

This part tempts to achieve the following goal: giving the reader all the
needed theoretical knowledge for understanding of the structure of the module,
its necessary components and its behavior.






Chapter 3

Used Technologies: Networks

. 3.1 Media Access Control

Media Access Control (MAC) is a sublayer of a Data Link Layer of the OSI
Reference Model. Its protocols also describe the process of controlling the

way devices can access the shared network. The nature of MAC can be
deterministic and non-deterministic [SCN] [Med].

1. Deterministic Access

A convention that garantees all stations the right to communicate within
a certain time frame according to the priorities assigned by the adminis-
trator of the system. In this type of MAC, the collisions are not possible,
because all of the communication is centralized.

a. Master-Slave

A special node called Master inquires, so called, Slave nodes. Slave
nodes can only send responses, they are not allowed to initiate the
communication. This type of communication is easy to implement
and price for this is a limited number of devices and high dependency
on Master node.

b. TDMA (Time Division Multiple Access) - strictly given time slots,
during which devices are allowed to send information to the network.

2. Non-deterministic Access



3. Used Technologies: Networks

a. ALOHA - one of the oldest protocol. If a station has something
to sends, it starts transmitting; if while transmitting it received
another message, a collision has occurred and all stations have to
resend the data.

b. CSMA (Carrier Sense Multiple Access) - Equivalent nodes have to
wait for media to be free for starting the transmission. Collisions
can occur, but are not necessarily detected.

(i) CSMA/CD (Collision Detection) - all collisions are detected.
After the collision nodes wait a random period of time T}, - d
to start transmission again, where T, is a constant and d is a
random number.

(i) CSMA/CA ( Collision Avoidance) - collision may not be de-
tected. After a detection of a free media, a station waits for a
random period of time and after that starts transmission. This
type is used in wireless networks.

(iii) CSMA/CR (Collision Resolution) - if a collision was detected,
a frame with the highest priority is sent, all other stations have
to repeat the transmission. This type of media access is used

for CAN bus.

B 32 can

B 3.2.1 General information

CAN is a type of a bus that is usually used in automotive industry for commu-
nication between microcontrollers and devices inside a vehicle without a host
computer. It is a message based protocol designed for automotive applications
but nowadays it is used in several industry branches such as industrial automa-
tion and medical equipment. It is so widely spread thanks to independence to
media and extremely high reliability even in worst environmental conditions.

B 3.2.2 History

The bus was invented by the company Robert Bosch GmbH and was presented
in 1986; first CAN controller was introduced one year later by Intel and Philips.
In 1988 CAN bus was used for the first time (in BMW automobiles of series
8) [CAN].



3.2. CAN

B 3.2.3 Communication protocols

The bus has two wires CANH (high) and CANL (low). Theoretical trans-
mission speed is 1.5 Mb/s; however, two physical layer variants provide the
maximum speed of 1Mb/s and 125Mb/s respectively. While the bus is not
active it exists in the idle or recessive state. In the recessive state of higher
speed signals are 2.5 V for both CANH and CANL; for the dominant state
of higher speed, CANH has the voltage of 3.5 V, while CANL has 1.5 V
according to ISO 11898 [ISOb]. Thanks to this the differential pair of 2 V is
created.

Another ISO 11519 [ISOa] shows that for lower speed CANH conducts
1.75 V in recessive and 4 V in the dominant state, for CANL these values
are 3.25 V and 4 V respectively. Unlike high speed, Low-speed standard does
not require the resistors of 120 Ohm at the end of the linear bus because at
this speed signal reflections are not originated. CAN bus can be taken as
a compilation of two standards: Standard CAN (version 2.0A), which uses
11-bit identification, and Extended CAN (version 2.0B), which uses 29-bit
identification [Zhul0].

There is another CAN protocol called CAN FD (Flex Data-Rate). CAN FD
has a different frame structure, which allows larger data flow and a possibility
to turn higher bit rate. CAN FD is created in such a way that it can co-exist
on the bus with controllers of older standards [Bos12].

B 3.2.4 Implementation

The implementation requires 1200hm resistors on both ends of the bus to
prevent signal reflection, in other words for impedance matching (can be
seen on [3.1]). The value of 120 Ohm corresponds to the line impedance
of usually used twisted pair cables. In an ideal situation the number of
connected terminals is not limited, but in order to save useful dynamic and
static properties, it is recommended to put these limits, for example on 30
terminals [HMS02].
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Figure 3.1: Diagram of the CAN bus network [HMS02].

B 3.2.5 Communication on the bus

In CAN 2.0 messages can be divided into 4 types, the first couple of them
is for transmitting and receiving the messages and the second couple is for
management of the network. The messages are received by every node that
is connected to the bus and is in receive mode. Every message contains an
identifier, which shows the content of the message and then is used by the
terminals to decide whether the message is determined for this node and
should be evaluated or not and should be destroyed. This mechanism is called
filtration.

CAN bus uses protocol CSMA /CR for media access. This means that in
case a collision takes place when two or more messages are sent at the same
time, their priorities are evaluated and only the message with higher priority
is sent first.

Existing frames: Data frame, Remote frame (request for data), Error frame,
Overload frame. An example of a base frame can be seen on [3.2]

omplete CAN Frame

Arbitration Field

RC Field ————— "ind of Frame

Inow. Delimiter

mmmmmmmmmmmm

S | Achnow. Slot Bit
T | ic!
[ o
[0
[ o
[0
[ o
[0

f |CRC Dielimiter

Figure 3.2: Structure of a CAN bus frame [htt].
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3.3. Error detection

. 3.3 Error detection

For error detection it is possible to use one or several of the following most
common methods:

1. Monitoring
2. Bit stuffing

3. CRC

Monitoring is a mechanism of an error detection in which the transmitter
always compares the data sent and the data on the bus.

Bit stuffing is a mechanism that inserts into the message in the transmitter
node an additional bit after every 5 same bits in a row. When the receiver
finds out that this bit is missing, it generates an error message.

Another controlling mechanism is the generation of CRC code. CRC
code is a sequence of values which is generated in a certain way, then added
to the message. The receiver after that generates the CRC code of his own
and compares it to the one in the message if they differ, an error message is
generated[Whab].

B 324 LN

B 3.4.1 General information

LIN is a serial network protocol that is used for intercommunication among
several components in a vehicle. Appeared as a cheaper but slower substitution
of the CAN bus. LIN over DC powerline is standardized as ISO/AWI 17987-8
[ISOe€]. LIN supports remote application within a car’s network. This bus is
an asynchronous bus that uses unbalanced communication among the nodes.
The main features are:

11



3. Used Technologies: Networks

® Single master with up to 16 slave nodes.

® The latest LIN specification 2.2 allows a maximum speed of 20 kb/s.
® Operating voltage of 12 V.

® Guaranteed latency time.

® Configuration flexibility.

® Can enable hierarchical networks.

® Detects defective nodes

® Low cost implementation based on standard UART

® Operates with checksum and error detection

The LIN bus specification was designed to use very cheap hardware-nodes
within a network. It is a low-cost, single-wire network based on ISO 9141
[ISOd].

LIN main advantages:

B Easy to use

® Cheaper than any other communication buses (is generally 4 times
cheaper than CAN bus), in industrial scales it can lower the budget
drastically

® Fewer wires than CAN
® Easy to implement extensions

® Protocol license is free

LIN cannot compete or fully replace the CAN bus, only supplement when
low costs are vital and bandwidth or speed are not that important. That is
why it is mainly used in subsystems that are not critical to vehicle performance
or safety. So, in easier words, LIN is generally used instead of the CAN in
cases when operations that are needing to be controlled are too simple for
the CAN, for example: opening the windows, turning on and off the lights,
calibration of the rear-view mirrors, seat positioning, air conditioning and
many others [3.3].

12



3.4. LIN

Door
Mirrors, Door Locks, and Window Control
Roof

Climate
Control Panel, Small Motors Rain Sensor, Sun Roof, and
Light Sensors

LIN Bus -
Steering Wheel Seat
Cruise Control, Wipers, Turn Signals, Seat Positions and Occupancy
Climate Contrel, Radio, etc. Sensors

Figure 3.3: LIN functions [Led].

The example of networks interconnections in a vehicle is shown on [3.4].

keyless OBD-IT
entry port

? W)

central
gateway

gl

¥
()

f
sub — network comfort infotainment  safety chassis
(LIN) (CAN) (MOST) (CAN) (FlezRay)

Figure 3.4: Networks in a vehicle [Sch].

Widely used LIN is usually combined with simple sensors for creation of

local networks; then they are very often connected by so-called back-bone-
networks, such as CAN in vehicles.

B 3.4.2 History

The first fully implemented version of the LIN specification was LIN 1.3
and was published in 2002. In 2003 version 2.0 was introduced to widen
the spectrum of capabilities and provide additional diagnostic features. The

latest LIN specification 2.2A is now a standard ISO 17987 [ISOd].

13



3. Used Technologies: Networks

B 3.4.3 Communication on the bus

The bus has three modes: slow, medium and fast. The realization of the LIN
node is relatively simple; besides it does not require a crystal oscillator, an
RC oscillator is enough, that can reduce the price [DEK01].

All communication is initiated by the master. Due to this fact, collision
detection mechanism is not necessary. Only one slave can reply to the given
message because at the beginning of the frame there is always an identifier of
the message, which eventually determines to which slave node this message is
intended. Master can reply to its own messages. For the baud-rate stability
within one frame there is a special SYNC field in the header of the frame [12].

The role of slaves and a master are normally performed by microcontrollers
with UART capability. But in some cases, when low cost, little space, and
low power are extremely important, it can be implemented in specialized
hardware or ASICs [Mos08].

B 3.4.4 LIN frames

Content of the frames is the following:

1. Synchronization break
2. Synchronization byte
3. Identifier byte

4. Data bytes

5. Checksum byte

Types of frames:

1. Unconditional frames [identifier 0 — 59 (0x00 to 0x3b)] carry signals
to all the subscribers. If no errors are found, they can be made available
to the application. Example of usage of this frame can be found on [3.5].

14
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CAN BUS Frame Slot A Frame Slot B Frame Slot C
MASTER
=— Master Slave | ___ Header Header .. Response | Header —
Task | Task 1 ) Ol T 77T 1 man——
SLAVE1 Response
Slave | — ) T 1| —
Task
SLAVE2 Response
Slave L  — 7 —
Task

Figure 3.5: Unconditional frame example [Mic].

2. Event-triggered frames [identifier 0 — 59 (0x00 to 0x3b)] its purpose
or usage is not part of the LIN specification. Can carry any kind of
information. Example of usage this frame can be found on [3.6]. This
example shows the case when two slaves have something to report,
collision happens and master has to resolve this issue.

Frame X Frame Y
CAN BUS Frame Slot A Frame-Slet B Frame-SletC
MASTER
Master [lavel | | Header Header Header |
Task [Task
SLAVE1 Response Response
Slave L 11141 — o 1171 -
Task
SLAVE 2 Response Response
Slave o I — 21— I — 741 Sy
Taak_

é.

e Frame A = Event Trigger Frame (from Master)
» Events present at Slave1 & Slave2 Event present
+ Slave1 & Slave2 publish, resulting in checksum failure which indicates a collision

e Masterdetects collision
s  Asks each slave for its event separately using collision resolution schedule table

Figure 3.6: Event-triggered frame example [Mid].

3. Sporadic frame [identifier 0 — 59 (0x00 to 0x3b)] their purpose is to
make the behavior of network deterministic. Example of usage of this
frame can be found on [3.7].

15
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o IfMASTER learns a node has updated data, it will substitute a
sporadic frame in a regularly scheduled (unconditional frame) slot:

Frame G
CAN BUS Frame Slot A Frame Slot B Frame Slot C
MASTER
| Master Slavel |__| | Header Header .. Response Header —_—
Task [ Task [ S 1171 | 1 n—— 7711 1 nmnn—
SLAVE1 Response
Slave (] 1| —
Task
SLAVE 2 Response
Sz =]l 171 I
Task

Figure 3.7: Sporadic frame example [Mic].

4. Diagnostic frame [master request is 60 (0x3C); slave response is 0x3D]
carry diagnostic and configuration data. These frames are 8 bytes long.

5. User-defined frame [identifier 62 (0x3e)] can carry any kind of infor-
mation.

6. Reserved frame [identifier 63 (0x3f)] shall not be used

The predefined scheduling tables that are used by the master node to start
transmitting and receiving the messages on the LIN bus. LIN frame consists
of the two parts: header which is always sent by master and the response
sent usually by slave. Data is transmitted as eight-bit data bytes with one
start bit, one stop bit and no parity. Bit rates are not strictly given and can
vary depending on version, mode and configuration between 1 and 20 Kbit/s.
Logical high is recessive and logical low is dominant [Ruf02].

Two bus states are used: sleep-mode and active mode. For normal operation
all nodes must be active, but after a specified time the nodes go back into
Sleep-mode. If any node still needs communication trough the bus, it sends a
WAKEUP frame. Only if all nodes are awake, Master-node can proceed with
scheduling the next identifier. The example of functioning of the WAKEUP
frame is shown on [3.8].

16
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g2 100ms max <50ms

L | A A J
Y T T Y

Sleeping Wakeup Slave Node Initialization Message Frame

Figure 3.8: WAKEUP frame [Mid.

B 3.4.5 Header of the frame

Header of the LIN frame, that is sent by Master-node consists of five parts
[Lup04]:

1. BREAK (one start bit, several dominant bits; min. 11-bit long, usually
13-bit long) prepares nodes to listen to the content of the following
header.

2. SYNC (0x55) used by nodes for recalculation of the internal baud rate.

3. INTER BYTE SPACE (is optional, but if used, all the slaves must
know about it) is used to adjust for jitter in the bus.

4. IDENTIFIER determines one action which should be performed by
one or more nodes. The faultless functionality is ensured by the network
designer.

5. RESPONSE SPACE - time between identifier and a response.

B 3.4.6 Response

Response sent by Slave-node or Master itself [Lup04]:

1. DATA - 0-8 bytes of data.
2. CHECKSUM - can be of two types:

a. Checksum calculation includes data bytes only (in LIN 1.3)

b. Checksum calculation includes both data bytes and the identifier
byte (in LIN 2.0 and newer)

17



3. Used Technologies: Networks

B 35 UART

B 3.5.1 General information

UART is a hard-integrated circuit for serial communication through the
serial port. There are UART devices as standalone IC or as a part of
microcontrollers. MCU modules, unlike standalone modules, can control the
output of UART. Conversion to the physical signal output can be generated
differently on the transmitter side depending on the standard. There are
three of these recommended standards: RS-232, RS-422, RS-485. All of them
define different methods for physical signal generation on the output. They
can be different from MCU’s TTL class of digital circuit.

For communication between MCU’s UART module and a PC peripheral
device, an additional circuit is needed. It is necessary because of differences
in transmission methods. An example can be useful: In TTL logic voltages on
the UART output can vary from 0 V (logical 0) to Vce (logical 1). However,
in case of RS-232 logical 0 is represented by a voltage in a range of 3-25 V
and logical 1 is in a range between -3 and -25. But from the software point
of view, MCU’s UART module and PC peripheral device are the same.

B 3.5.2 Types of UART
There are two forms of UART: UART and USART.

1. The asynchronous form of communication:

The transmitter generates the data clock internally. It is dependent on
the MCU clock cycles. Transmitter and receiver (two modules) should
work on the same baud rate (have the same clock cycle length). The
data is usually transmitted in a byte.

2. The synchronous form of communication:

The transmitter generates a clock used to let the receiver side to recover
data from the stream without transmitter’s baud rate. When the clock
signal is separated from data and sent on another line, very high transfer
rates can be achieved. Maximum possible transfer speed is 4 000 000
bits per second, which is much greater than usual UART speeds. The

18
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data is normally transferred in blocks. Thanks to this, USART module
can generate data in a form comprehensive to many standard protocols
including LIN.

B 3.5.3 Communication

Communication happens on two independent lines TX (transmitter) and RX
(receiver) in a form of simplex, half duplex or full duplex. The lines must be
pulled up, so each side recognizes the existence of connection on the other
side. Data frame’s lengths can vary depending on configuration.

A frame consists of four parts:

1. Start bit (logic 0)
2. Data bits (1-14 bits)
3. The parity bit (optional), can be even or odd

4. Stop bits (1 or 2, logic 1)

Baud rate is a vital value, which specifies how fast the data is sent over
the bus in bits per second. The most used value is a standard of 9600. The
complete standard is called 9600 8N1, which means that the bus uses 9600
baud rate, 8 bits of data, No parity and 1 stop bit.

B 36 JTAG

1149.1 IEEE [IEEa] standard provides testing of integrated circuits. JTAG
consists of several instruction modes. The most commonly used one is
USERCODE instruction, which provides upload of the code into the integrated
circuit. Also, is commonly used for so-called Boundary Scan, which is a test
that checks the correct functioning of all the pins on the chip. Another usage
of JTAG is debugging of the controller.

19
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JTAG has four pins: TCK (test clock), TMS (test mode select), TDI (test
data input), TDO (test data output). Communication takes place on the
pins TDI and TDO.

However, another version of this standard exists. IEEE 1149.7 [IEED]
standard can be controlled using only two pins - TCK as a clock signal and
TMS as a data line.

Nowadays it is a vital interface for microcontrollers.

B 3.7 swD

Another debugging tool designed and created specifically for ARM core
processors. Its main advantage is the fact that it requires only two wires:
SWCLK (clock signal) and SWDIO (input and output). Besides SWD has
higher speed of communication comparing to JTAG.

20



Chapter 4

Used Technologies: Circuits, Components
and Devices

B 21 Power supply

Electronic devices can be powered in different ways. One way is using a
battery. Another one is auxiliary circuit, which can transform one form of
energy (solar, wind etc.) into electricity. Or transformations from mains
electricity can be used.

Types of power supplies:

1. Linear regulators;

2. Switched-mode power supply.

B 4.1.1 Linear regulators

Linear regulators are relatively cheap and easy to implement. They provide
high stabilization of output voltage and wide range of input voltage. The
disadvantages of such a method of power supply is a low efficiency.

21
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B 4.1.2 Switched-mode power supply

Such power supply has up to 95-percent efficiency. It is an electronic circuit
that converts power by turning on and off special devices at high frequencies.
There can be step-up(Boost) and step-down(Buck) converters. Proceeding
part shows only step-down converter since only it is used in the project.

B 4.1.3 Step-down converters

The behavior of the circuit can be divided into two parts. First it is switched
on by the S switch. The current steps up on the inductor according to the

formula [4.1].

dl t1
'E:>(Vz—vo)'f—

The output capacitor is charged with ¢, current. The scheme can be seen on
the picture [4.1].

V=1L dr. (4.1)

<
/AR
U/
S
—>
o<
O
|1
1]
=
<

Figure 4.1: Step-down converter [com].

After S is switched off the inductor is trying to save the size and the
direction of the current.The currents at the beginning and now are the same.
Now the current is flowing through the diode D:

dlpon =dIpof f. (4.2)

Then the current on the inductor goes down:
to
—VO-Z = —dlpoff. (4.3)

22
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After combining all the three preceding equations the following equations can
be obtained:

v vy —v |yt
V,-ts = (Vi — V) tlm[t1+t2]%[T]. (4.4)

This gives the output current [KRE97]:

Vi
I,=1;- -
Vo

B a2 Types of components and packages

The modern PCBs commonly use SMT components due to their better
properties and the fact that they do not require drilling of the PCB.

B 4.2.1 Quad Flat Package

In this type of the case the pins are located on all four sides of the component.
The number of pins vary from 32 to 304. This type is used for medium
efficient processors, for example STM32. It is possible to solder this case to
the PCB in domestic conditions. The most commonly used cases of this type
are TQFP, QFN, PLCC.

B 4.2.2 Dual in-line package

The pins are located on the two sides of the case. Are the best solution for
simpler micro-controllers, operational amplifiers. The common space between
the pins is 50 mils (1.27 mm). The most frequently used are SOIC, SOT,
TSOP.

23
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B 4.2.3 Ball Grid Array

The package is used for more efficient processors with large numbers of pins
organized into matrices on the bottom side of the case. The advantage of
such a package is the fact that it lies directly on the PCB and sometimes it
does not require soldering and thanks to that it does not overheat. It also
has less induction (in comparison to QFP, for example) that is why it is used
for faster circuits, for example DDR SDRAM. The main disadvantage is the
fact that it requires machine mounting, which can be a problem for projects
in domestic conditions.

. 4.3 LED connection

LEDs are connected to the processor via resistors. The value of resistors
depend completely on the parameters of the LEDs.The first important value
is the LED voltage Vi gp, another one in current on the LED Iy gp. Then
according to the Ohm’s law the wanted value of the resistor that is needed
can be calculated according to the formula:

Vee = VLED

R =
ILeD

(4.6)
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4. Used Technologies: Circuits, Components and Devices

Part ||

Practical part
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Chapter 5

Design of the module

. 5.1 Introduction

The module consists mainly of the processor, which is the heart and brain of
the whole module. There are two LIN transceiver components connected to
the processor, a CAN transceiver, SWD.

All the schematics were made in OrCAD Capture, a PCB layout in Allegro
by Cadence. This software is available in school laboratories. It is a very

powerful, though not easy to get to know tool for designing schematics and
PCBs.

B 5.1.1 Hardware Requirements
The requirements to the hardware were the following;:

1. The module should have 2 LIN bus interfaces.
2. Configuration trough CAN bus.

3. Allowed power supply of 12 V.
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5. Design of the module

4. Hardware opportunity to set the CAN node address for some value.

5. Small size of the device (recommended dimensions of 10 cm x 10 cm x 4
cm as length x with x hight).

6. Low prices of unit components and their accessibility.

Bl 5.1.2 Proposal of the solution

1. This can be solved by translating LIN signals into USART communica-
tion. This will require additional components, but requirements to the
processor are reduced to two USART interfaces which are more common.

2. CAN interface on the processor is required.

3. The module will use step-down power converter so that the allowed
working voltage can be 3.3 V as well as 12 V.

4. For CAN node address settings will be used a DIP switch which is reliable
(saves the set value even after the power cut) and easy to use.

Bl 5.1.3 Bypass Capacitors

In all circuit parts bypass capacitors are used for reducing the effect noise of
other circuit elements can have on the protected component. These capacitors
remove the AC caused by ripple voltage that can be present on DC signal.
The simple rule for choosing the bypass capacitor is that it should be at least
1/10 of the resistance to the flow of current than what the resistor can offer
for the frequency signal that needs to be bypassed. It needs to be put as
close as possible to the V.. pin to lower as much as possible the inductance of
the wire (information is from [Whaa).

B 5.1.4 Scheme and Components

The block scheme of the module is shown on the [5.1].
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Bill Of MaiPagel

Item

Quantity ReferencePart

R R R R R

A A =S
S 0 u D Bowm RS

21
22
23
24

26
27
28
29

1 CONlv  ARKZ950h_02/5.08mm
1CON1  ARK1550H2STL-E/3.5MM
1CON5  ST-LINK

3 CONG6,COPMCAN_9_Z_90

1c1 220MM/50V

1c4 AVX_47M/6V3.B

209,C10 22p
8 C11,C12,C:100n
2C23,C24  4,7uF

1C25 an7
1D2 SK24A

1D3 SMAJ36A-E3/61

2 FDL,FD2  FID_TYPEL

1F1 SMDOS0F/TEconnectivity/

31C1,IC2,IC3Value

4 JP1,IP5,IP:SW_LINE 4l
11LE1 OSRPOG03CIC
3 LE2a,LE3a, YE150/3.6mA
3 LE2b,LE3b, RE230/5.9mA

1R1 SM1
14 R2,R3,R4,F 10k
1R5 S60R

4 R6,R8,R11, 270R
3 R7,R9,R12 390R
2 RZLR22 B8R

151 ADE0B04

1uU1 TSR-1-2433

103 STM32F105RE_LOFPE4
1Y1 BMHz

FootPrint

zt_arkz950h_02_5008mm-a
zt_ark1550h_02_3050mm
zt_psh02-04pg

zt_can9z
zs_ce_g_cy400x4002480_p240x20
zs_ce_tantal_b

zs_0805c

zs_0805c

zs_0805c

zs_0805c
zs_di220re180x120_do2l4ac
zs_di220rel80x120_do2l4ac
zs_fiducial_typel
zs_250x214z125 p90x90
SOIC127P600X175-8N
zt_slg02

zs_0606d2x

z5_0603d

zs_0603d

zs_0805r

zs_0805r

zs_0805r

75_0805r

zs_0805r

75_0805r

SW_ADE0S04

zt_decde-tsr-1
zs_guad_0o50mm_64_wgl2mm
z5s_hc49s

Figure 5.2: Bill of material.

LIN >

Processor €——»

‘SWD|

Figure 5.1: Block scheme of the module.

5.1. Introduction

Buy Type

gme:ZBO_801-041
EEEFK1H221P - panasonic z TME
tme:AVX TAIBA76K006R

fa:1299275
tme:SMAJI6A-E3/61

tme:bsmdp-0.5a
tme:0SRPOG03CIC

fa:2426217
fa:2146432

fa:1696320, tme:TSR 1-2450
fa:1737131
fa:2449400,tme:8.00M-SMDHCASR

CAN

All the used components were thoroughly selected according to their char-
acteristics and features. The whole list can be found in Bill of Material file (
.BOM). On the picture the list of components with description can be

seen.

The connection of the module is based on the CAN GW II project by
CVUT FEL v Praze Katedra méfeni, 2016.
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5. Design of the module

. 5.2 The Processor

The processor STM32F105xx [Con] was used thanks to its wide range of useful
features, simplicity in testing, its compatibility with a variety of common
peripheries, technical support in Prague. Besides that, this processor has
an ARM based architecture with 32-bit Cortex-M3 core, which I was well
acquainted with on the lectures in CTU. As I have already mentioned, this
microcontroller is well balanced in means of functionality and simplicity. The
block schematic of this processor is shown on the [1].

The main features of this microcontroller are:

1. 72 MHz maximum frequency;
2. 256 KB of 64-bit Flash memory; SRAM 64 Kbytes;

3. 14 communication interfaces:

a. 2 CAN interfaces (2.0B Active);
b. 3 SPI:

c. USB 2.0;

d. 10/100 Ethernet;

e. 5 USARTS;

4. CRC calculation unit;
5. Debug mode;

6. Low power.

This of course led to meeting of all the requirements that were put on the
controlling of the module.

There is a connection of the processor on [2]

There is an external oscillator for higher precision. Also, a connection of
DIP switch can be observed. It will be used later for changing between 8
possible modes or signals on the LIN bus.

The connection of the Reset circuit is the following: [5.3].
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5.3. Power converter

Figure 5.3: Reset.

To prevent spurious resets, it is necessary to connect the NRST pin to a
capacitor.

. 5.3 Power converter

It was necessary for this module to work from 12 V, however the microcon-
troller works from 3.3 V, so it was necessary to add a step-down power supply.
For this goal was used TSR 1-2433 converter, which can transform the range
of 4.75 - 36 VDC into 3.3 VDC. To align the voltage was used Shottky Barrier
Rectifier along with polymer fuse and TVS diode for protection from voltage
spikes. The connection can be found on .

u1
F1 D3 TSR-1-2433 POWER
SMDO50F/TEconnectivity/ SMAJ36A-E3/61 Ftgedott
cont 02 = 2s0ztaci2s so0n = 2vattontzs sozitac
SK24A . +12V. 1 3 N
1 : ﬁ e K~ 3 vi 2 vo —vaz
2 &
ARK1550H2$ TL-E/3.5NIM ha % - %
2t_ark1850h_02_JoSgmm n n
CON1v c1 ) |
—— 220MM/50V
e SLoroneio0an_s2soe
——

ARKZ950h_02/5.08mm
2H_arz9%0n_02_5308mm-

Figure 5.4: Power converter.

. 5.4 CAN transceiver

The device used for that is powered by 3.3 V.

On CAN circuit part there are used two termination resistors for filtering
and stabilization of the common mode voltage since split termination “im-
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5. Design of the module

proves the electromagnetic emissions behavior of the network by eliminating
fluctuations in the bus common mode voltages” [SNG].

CAN power supply also has a bypass capacitor. The exact connection can

be seen on the .

‘ CAN1_H CoNs
1
9 ‘S
CAN R21 1 6
68 L 2 °
Ic3 sofo 77
CAN1_TX 1 8 c25 3
I» “—-=—1D NC = s 310
' GND  CANL f[5—* s | == o
+3V30- VCC  CANH a0
CANT RX 4 5 9
R NC_1 R22 JP2b1 5.7
c26 SNe5HVD232D B8R g0z C
100n po_caos CAN_9_Z_90
25_0805c ‘ CAN1 L JP5 s
* R25 2t 51902

10k

——

25_0805¢

Figure 5.5: CAN transceiver.

B 5.5 LIN UART converter

For this conversion was used a device TPIC 1021 [TPI|. This circuit has power
supply of +12 V, a bypass capacitor is also connected. As recommended
in the data sheet, the receiver wire is pulled up on + 3.3 V to eliminate
uncertain state on the wire. The closer look on schematic can be taken on

[5.6).

s LIN 1 CON?
o _
T < ; 2
2 o
R19 LIN_bus, < 7 jo
10k IC1 = —E/ 3
U_RX_ 1 8 _ 8
2 RXD GND 7 ?»: 4 —
.ok EN_1 EN LIN LIN bus_1 ) ) v | o
U T2 NWAKE  VSUP & oH2v +3V30 59
————— TXD INH X
TPIC1021AQDRQ1 c23 CAN_S_Z_90
osoze
——

Figure 5.6: LIN UART converter.
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5.6. SWD

B 56 swD

The connection of the debugging unit can be found on the

DEBUG

+3V3 CON5
1
VCC
SW CLK
3| SWCLK

GND
SW_DIO 4 SWDIO

mmm ST-LINK

zt_psh02-04pg

Figure 5.7: Debugger.

B 57 LEDs

The connection of the LEDs is the following: .

LEDs
el A LE RS —— 580R LED gPWR
+V3o- OSRFOBICIC =
L BS — 270 LED PWR

{poriez vE10IEmART ) 3908 LED yCAN1
ED 47w | I TR _ LN

REZ30/5. 5mA R ZT0R  LED rCAN1
s RE B2 208 2D

J A#Ela YE150/3.6mA RS —— 390R LED yLING
ED A w | M| TR _ LN

J o REZ230/5.5mA R11 270R LED rlIN1
) AFLE YE150/3.6mA R12 390R LED ylLINZ
A4 E4b REZ30/E SmaA R 27T0R LED rlINZ

Fil,_i Sa_LNaey

Figure 5.8: LEDs.
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5. Design of the module

The values of the resistors were calculated according to the formula [(4.6)].

The PCB design was made in the Cadence Allegro software. The outut
can be seen on the [3] and [4].
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Chapter 6

Program

The whole program consists of one loop, which checks, if any of three pe-
ripheries has a received message pending. The intuitive flow of a program is
shown on [6.1].

Inmallzatlon and

Is the message
intended for me? configuration
i .. - -
_;-H_’Y \ ?\DES CAN Send the data from
ave any the configuration
meg;:gga;r;ﬁ;ve | Ernror message'> | table to the master
only one frame'?* all the - -

frames of NO NO
the
YES] | message | MO
- ~ - ~ \ YES

What kind of Does LIN have ‘ |

message is it? any message? Do | have the

m - _"—Y /| corresponding message in

the configuration table?
RESET| |DEFINE|| TRIG

Clearboth | | Refrievethe | | Copythe | ‘Get the PID of the
buffer and data into the buffer into the
}C{Jﬂﬁg uration buffer and configuration message
table . process them | table

Figure 6.1: Flow of a program.
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6. Program

The program uses polling instead of interrupts due to the fact that its
simple, well arranged and easy on the eye. The other advantage of polling
is that it uses a state machine and eventually is faster than interrupt mode
according to the [Arc].

According to the thesis specification the main requirements are:

® Configuration of incoming and outgoing messages;

B Possibility to select various IDs of the message, the length of the data
in the message, checksum version and the content of the data including
Error Response bit;

® Sending of the Event-triggered frames.

Pseudocode, which shows functionality and structure of the program can
be seen.

1 while (1){

. CAN();
LIN() ;

N

5 CAN(){

5 if (CAN has message){

receive__data();

8 CMD = retreive_command () ;

9 process__can (CMD) ;

10 }

11 }

12

13 process_ can (CMD) {

14 switch (CMD) {

15 case RESET:

16 annul tables () ;

17 case DEFINE ETF':

18 retrieve_data () ;

19 if (last_frame){

insert__item__into_buffer_ table () ;

}

case DEFINE:
retrieve__data();
if (last_frame){

insert__item__into_ buffer_table () ;

}

case TRIG:
swap_ buffer__and_ conf_table () ;

~

NONONN N NN N NN
S © ® N O Gk~ W N R O
()

——

PR

LIN () {
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6. Program

switch (state){
case NO MESSAGE :
if (lin_break){
state = 1;

case BREAK RECEIVED :
if (LIN has message){
receive__message () ;

if (message = sync){
state = 2;
} else {state = 0}

}
case SYNC RECEIVED :

if (LIN has message){
receive__message () ;
retreive_ PID () ;
state = 3;

case DATA FOUND :
if (find_PID_in_conf_table() = SUCCESS){
send__item () ;

case DATA SEND:
send__data_ checksum_ byte_by_byte() ;

The code is loosely based on the CAN_BREAK project by Jiri Blecha,
2012.

The messages that come through CAN bus have the following content of
the data bytes as shown on the [6.1].

’ CMD \ param__1 param__n

Table 6.1: Format of the configuration messages.

The CM D byte has in the higher four bits the type of the command and in
the last two four contain the descending serial number of the physical frame,
because the physical frame of the CAN message always contains only 8 bytes
of data. The commands can be seen on the [6.2].

After the last frame of the message was received, the modules sends a
response: CMD(four higher bits of the command module responses, four
lower bits are zeros) + PAR (parameter [0x00 - positive acknowledgement;
0x01 - negative acknoledgement (uknown command)]).
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6. Program

Command code ‘ Command name ‘ Command description

0x00 Reset Resets configuration tables
and returns the module into
the initial state

0x01 Define Defines the simulated LIN
frame

0x02 ETF Define Defines the simulated Event-
Triggered frame

0x03 Trig Request for activation of the

configured functions

Table 6.2: Configuration commands from CAN.

RESET command has no parameters.

Define command has the following parameters:

® ID - [1B] - I1III100.
Simulated 6-bit frame identifier, its 2 higher bits are zeros.
® Type/Length - [1B] - 0,¢0001/.

The t bit defines if the frame uses the classic checksum (0 - for LIN
specification 1.3) or the enhanced checksum (1 - for LIN specification
2.0 and newer).

[lll bits define the requested length of the simulated LIN frame.

= Data - [[llIB].

Data of the simulated LIN frame number of bytes corresponds to the [{l]
bits.

®= ErrResp - [1B] - 0 — 63;128.

The position of the ErrorResponse bit in the data, 128 represents the
absence of the ErrorResponse bit in the frame.

Define ETF command has the following parameters:

= ID - [1B] - III11100.

Simulated 6-bit frame identifier, its 2 higher bits are zeros.

® Alias ID - [1B] - EEEEFEEQO.
Event-Triggered frame ID.
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6. Program

= Type/Length - [1B] - 0,t0001/1.

The ¢ bit defines if the frame uses the classic checksum (0 - for LIN
specification 1.3) or the enhanced checksum (1 - for LIN specification
2.0 and newer).

Il bits define the requested length of the simulated LIN frame.

= Data - [IlI/B].

Data of the simulated LIN frame number of bytes corresponds to the [ll]
bits.

® ErrResp - [1B] - 0 — 63;128.

The position of the ErrorResponse bit in the data, 128 represents the
absence of the ErrorResponse bit in the frame.

More information on this can be found in document LIN Slave, CVUT
FEL v Praze Katedra méteni, 2018.
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Chapter 7

Conclusion

The main aim of this bachelor thesis was designing and realization of the
hardware module and implementing the software for it. The requirements to
the module were two LIN and one CAN connectors, the module shoud be
able to simulate the behavior of LIN slaves according to the configuration
messages from CAN bus.

To fulfill this, I suggested the connection of all the components (wiring
diagram). After it was confirmed, I made the design of the PCB. After the
PCB was printed out and all the components were soldered to it by my
supervisor, the module was tested. During the testing of the module it was
found out, that I made some minor mistakes in the wiring diagram, which
were solved by my supervisor.

The output module has two layers PCB and equipped with the required
peripheries (LIN, CAN, SWD). The size of the PCB is saved within desired
dimensions and all the components are optimized according to their function-
ality, size and price. It uses the power of 12 V. This meets all the requirements
introduced in the specification of the thesis.

The module can recognize the input data from CAN bus, process it and
save to the configuration table. It also can react to the headers that come
from the LIN bus by sending the corresponding items from the configuration
table, both unconditional and Event-Triggered. The module responds to
found errors in the headers by setting the Error Response bit. This allows
monitor problems on the LIN bus. This allows to meet all the software
requirements to module.
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7. Conclusion

It is supposed, that in the future, the module will be able to simulate
more than one LIN slave (at least two). This is possible due to additional
connector on the module and the fact, that the code structure allows to use
two USARTs with only minor changes in the main loop.

Working in the Cadence IDE made a great contribution to my skills,
because I have never designed a PCB before. I also learned how to work with
documentation, found new things for myself during writing of the code and
had a deeper look on the hardware implementation.
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Appendices
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PROCESSOR

Figure 2: Connection of the processor.
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7. Conclusion

Figure 3: TOP layer of the PCB.
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Figure 4: BOTTOM layer of the PCB.
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