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ABSTRACT

The field of automation and contro} is constantly expanding and with that the
complexity in automation and conmtrol system has also been increasing. The
complexity of control systems and the need to exchange data between them mean that
more and more hard-wired, dedicated signal lines have to be provided. The challenges
faced in autornation and control system is the complexity of wiring, the complexity of
the system itself and its reliability in harsh environment. Controller Area Network
(CAN) provides solution in dealing with complexity of networking. CAN is also
growing in popularity due to its ease of use and low costs in implementing them.
CAN is as simple to use as a serial UART, and currently the cost of CAN controilers
is still decreasing. The implementation of CAN not only covers the car and
automation industries, but also into fields such as medical instrumentation and
domestic appliances. One of the CAN microcontrollers availabie in the market is the
Microchii;’s PIC18 family. The project;é goal is to set up Controller Area Network
(CAN) by utiiiiing_ the Microchip’s PIC18. Microchip’s MCP2551 CAN transceivers
are used to interface the CAN controllers with the CAN bus. C language program is
written to control the microcontrollers. The C program is translated to HEX file using
CCS compiler. The HEX files are downloaded onto the microcontrollers. The traffic
of the transmission of the messages is monitored using HyperTerminal. The
microcontrollers are able to send messages among them using the CAN module. The
ID of the message transmitted from one microcontroller matches the ID received from
the receiving microcontrolier. This work demonstrates a CAN network built using

PIC microcontrollers.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

The field of automation and control is constantly expanding with the introduction of
innovative techniques, particularly with the advent of lower cost and higher technology tools.
Day by day, the complexity in automation and control system has been increasing. For
example in a car automation system, there is the need to control many electronic systems.
Anti-lock Braking, Engine Management, Traction Control, Air .Condition'mg Control, central
door locking, and powered seat and mirror controls are just some examples. The complexity
of these control systems, and the need to exchange data between them meant that more and
more hard-wired, dedicated signal lines had to be provided. Sensors had to be duplicated if
measured parameters were needed by different controllers. Apart from the cost of the wiring
looms needed to connect all these components together, the physical size of the wiring looms
sometimes made it impossible to thread them around the vehicle. In addition to the cost, the
increased number of connections posed serious reliability, fault diagnosis, and repair

problems during both manufacture and in service.

Same can be said to automation and control in other industrial system. Some of the examples
are Marine control and navigation systems, elevator control systems, agriculiural machinery,
production line control systems, machine tools, photo copiers, medical systems, paper

making and processing machinery, packaging machinery, and textile production machinery.

All these automation and conirol system will benefit if there is a controller which helps

reduce the complexity of wiring while reliable and is cost effective.



1.2 Problem Statement

The challenges faced in automation and control system is the complexity of wiring, the
complexity of the system itself and its reliability in harsh environment. CAN is growing in
term of popularity for it is cost-effective and proven reliability and robustness, CAN is now

also being used in many other control applications.

Controller Area Network (CAN) is inexpensive and durable. The control unit can have a
single CAN interface rather than analog and digital inputs to every device in the system. Each
of the devices on the network has a CAN controller chip and is therefore intelligent. All
devices on the network see all transmitted messages. Each device can decide if a message is
relevant or if it should be filtered. In addition, every message has a priority, so if two nodes
try to send messages simultaneously, the one with the higher priority gets transmitted and the

one with the lower priority gets postponed.

With this functions and features, CAN seems like a perfect candidate in automation and
control system. At the moment there are few companies that produces CAN controller. One
of the products available in the PIC family from Microchip includes PIC18F458, PIC18F258,
PIC18F448, and PIC18F243.

1.3 Objectives and Scope of Study

1.3.1 Objectives

Based on the problem discussed, the project proposes a Controller Area Network to build

based on PIC microcontroller.
The objectives of this project are:
e To be able to explain the concept behind the Controlier Area Network

e To be able to explain the concept of the Medium Access Control which determines

the access to the transmission medium

e To be able to implement and built hardware network of Controller Area Network



using Microchip PIC microcontroller.

1.3.2 Scope of Study

The scope of study will divided into two parts. First is the understanding and research part
which includes exploration in the concept of Controller Area Network and the Medium
Access Control (MAC). After that research is continued on Microchip PIC, its function and
utility.

The next part is the implementation part which includes programming using C language and

building the hardware and alongside testing the circuit’s and network behaviour.



CHAPTER 2
LITERATURE REVIEW

2.1 Controller Area Network

Controller Area Network (CAN) is a serial bus system. The system helps communicate
several intelligence devices, for example sensors and actuators. These devices or CAN nodes

can try to transmit data at any point of the time {1].

CAN provide an inexpensive, durable network that helps multiple CAN devices
communicate with one another. Basically, the CAN Controller implements the CAN
specifications in hardware. CAN protocol is a CSMA/CD (Carrier Sense Multiple
Access/Collision Detection) protocol. The protocol basically lets the nodes check the bus
activity for a period before sending messages on the bus (Carrier Sense). If there is no
activity, all nodes have an equal opportunity to transmit a message (Multiple Access). If two
nodes start to transmit at the same time, the nodes will detect the collision and appropriate

actions will be taken (Collision Detection) [1].

To solve the collision, bitwise arbitration is utilized. Logic states are defined as dominant
(logic bit 0) and recessive (logic bit 1).Transmitting nodes witl need to check whether the
logic state out from its node appear in the bus. Dominant bit state will always win the
arbitration over the Recessive bit state thus will be able to transmit its message across the
bus. The lower the value in the Message Identifier, the higher the message priority. The node

that lost the arbitration will have to stop transmitting its message [1].



2.1.1 Example of CAN Application in industry

CAN bus are first implemented in automotive applications but it has gained popularity in
industrial automation, medical equipment, test equipment, and mobile machines. Other
applications where CAN bus is successfully implemented are Maritime clectronics, acrospace
electronics, Uninterruptibie Power Supply (UPS), Elevator control, Exercise equipment, and

much more. [10]

One of the applications that utilizes PIC microcontroller is the implementation of CAN for
AEAS-7000. The AEAS-7000 is a 16-bit gray code Absolute Encoder backbone with SSI
(Synchronous-Serial-Interface) ~ communication interface. [10] There are other

microcontrofler which has CAN feature in the market. One of them is CCO01 from Phycore.
[91

2N
iy
M ol CANT @
icrocontrolter ransceiver (A b
FIC18F258 -— MCP2551 — v
&2
I ~
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Figure 1 Block diagram of a AEAS-7000 with CAN interface

2.2 CAN Physical Layer

The physical layer used to implement CAN network is a differentially driven two-wire bus
line with a common return. The two wires are called CAN_H and CAN_I.. The CAN bus

must be terminated at both ends by resistors with recommended value around 124 ohms [1].
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Figure 2 Block diagram of a CAN network

2.3 Medium Access Control

The Media Access Control (MAC) sub layer is the part of the OSI network model data link
layer that determines who is allowed to access the physical media at any one time. It acts as

an interface between the Logical Link Control sub layer and the network’s physical layer. [1]

The Medium Access Control controls access to the transmission channel. Its purpose is to
cope with problem of two or more stations sending data at the same time either by preventing
the problem from happening or by recognizing the collision between

data.
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Figure 3 Examples of multiple access protocols

Many protocols have been devised to handle access to shared link. They are categorized into
three groups as shown in Figure 2. Random access protocol gives the right to medium
without being controlled by other stations. The problem faced is access conflict between data
frames when more than one station tries to send. In controlled access, the stations consult one
another to find which station is authorized to send. Channelization is the method which the

available bandwidth of a link is shared in time, frequency, or through code between stations.

(8]

2.3.1 CSMA/CD

The Medium Access Control mechanism in CAN is classified as CSMA/CD. CSMA/CD
(Carrier sense multiple access with collision detection) is modification of CSMA. In this
method, any station can send a frame. The station then monitors if the transmission is
successful. IF there is collision, the frame needs to be transmitted again. To reduce the
probability of collision the second time, the station waits for an amount of time between 0

and 2% x maximum propagation time. [8]
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Figure 4 CSMA/CD Procedure [8]

2.3.2 Bus Arbitration

The identifier in a CAN message defines the priority of the message and is the basis for the

medium access control for CAN. The operation is as follow.

) Station detects the bus is free for transmission. If free, then the station
transmits

. During transmission, the station will keep monitoring the bus

J If, during the transmission of the Arbitration field, the node attempts to

transmit a Recessive Bit but it detects Dominant Bit on the bus, it stops the
transmission and wait for the bus to be free again before retransmitting

data.f1]



resulting bus level

recessive
bus 4] 1 0 0 1 1 ] i 1 4
A 0 1 0 0 1 1 1 IN=319=0100111111
c o 1 o 0 1 1 0 1 1 [¢] ID=310==0100110110
A loses B loses A loses
B loses

~<nodeA - —{  nodeB ' node C

Figure 5 Bit arbitration mechanism in CAN [11]

2.3.3 Frame Formats

In order to perform its operation, the data are transmitted as data frames. There are two

different formats for data frames, 11-bit identifier message and 29-bit identifier message. [1]

Arbitration Field Control Field Data Field CRC Field Ack. Field
S| 11-bit Rilb |r Data Bytes 15-bits CRC E
Q identifier TIDJ|o DLC O
F R| E F

Figure 6 The CAN 2.0 B data frame



Field Name Length | Purpose
(bit)

Start of Frame (SOF) 1 Synchronization

Identifier 1 Establish message priority and identity

Remote Transmission Request |1 If set to Dominant, frame contains data, if set

(RTR) to Recessive, frame is empty.

Identifier extension 1 If set to Dominant, frame is standard 11-bit
identifier, if set to Recessive, frame has 29 bit
identifier.

Reserved bit (r0) 2 Fdr future use

Data Length Code (DLC) 4 Holds data byte count for message

Data field 8 Holds data

bytes

Cyclic Redundancy Check (CRC) | 15 Error checking

Acknowledgement field 1 Used to ensure message has been successfuily

| received by other nodes

End of Frame (EOF) 7 Must be recessive

Table 1 The CAN 2.0 B data frame field name and purpose

2.4 Microconftroller

A microcontroller is a complete computer system that consists of the processor, memory and

I/O peripheral in singte silicon [2]. It is capable of performing various tasks replacing the

high-end microprocessor.

There are a few microcontrollers in PIC family from Microchip that has CAN solution. This
PIC family from Microchip includes PIC18F458, PIC18F238, PIC18F448, and PIC18F248.

The microcontroller and its features are summarized in figure below.

10




CCPi

* Program Memory Data Memory g | Eccp MSSP
o ' 10- 2 | pwm | Timer
. = -
Dovice [l | yeingte- | sRam | Fobr | O 1 RL g mast | 5| °0e
(bytes | Word (Bytes sPi | er
} Instructions | 3} | ®*° S 12¢
PICIBF248 | 16K 8102 768 | 256 | 22 5 | — | w Y Y | ¥y | 1
PIC18F288 | 32K 16384 1538 | 256 | 22 s | — | 10 Y Y | Y | 1
PICI8F448 | 16K 8192 768 | 256 | 33 8 2 n Y Y | vy | 1
PIC18F458 | 32K 16384 1536 | 256 | 33 8 2 n Y Yy | ¥ | 1
Table 2 PIC18 Family Feature Summary

2.4.1 PICISF458

PIC18F458 has a high performance RISC (reduced instruction set computer) CPU with 33
/O pins. It has CAN bus module features with message bit rates up to 1 Mbps. It conforms to
CAN 2. 0B speclﬁcatlons with 29-bit identifier fields, 8-byte message length, 3 transmit

message buffers with pnontlzatlon 2 receive message buffers, 6 full, 29-bit acceptance

filters, prioritization of acceptance filters, multiple receive buffers for hlgh priority messages

to prevent loss due to overflow and advanced error management features [3].

The PICF458 supports communication using RS232 as a serial communication between the

microcontroller and PC. This form of communication needs MAX232 as driver that acts as

level voltage converter.

While having all the functions the other microcontroller has, PIC18F458 has bigger data

memory and program memory size. PIC 18F458 also has more I/O channels ad more A/D

channels.
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Figure 7 The PIC18458/448 Pin Diagram

2.4.2 CAN modes of operations

The PIC18F458 has six main modes of CAN operation; configuration mode, disable mode,

normal operation mode, listen only mode, loopback mode and error recognition mode.

When the controller is in loopback mode, the messages in its buffers will be transmitted fo its
receiver buffers internally without going through the CAN bus. The loopback mode is a silent
mode, thus the CANTX pin will be an I/O pin. This mode is important to verify that the

{ransceiver and receiver buffers of a controller are working correctly.

The normal mode is when the controller can actively monitors ail bus messages and generates
Acknowledge bits, error frames, etc. This is the standard mode for the controller. This is also

the only mode in which the controller will transmit messages over the CAN bus.

2.5 CAN transceivers MCP2551

The MCP2551 is a high-speed CAN, fault-tolerant device that is used as interface between a
CAN protocol controller and the CAN physical bus. The MCP2551 provides differential

12



transmit and receive capability for the CAN protocol controller and is fully compatible with
the ISO-11898 standard. 1t is capable of operation up to 1 Mb/s. [4]

™o - &[]Re
ves |2 = Tjcend
woo 2 oo e[]CAN.

mxp[]s 5 s[]uees

Figure 8 The MCP2551 Pin Diagram

The MCP2551 CAN stand up to 112 nodes to be connected to the physical bus. The outputs
will drive a minimum load of 45Q, (given a minimum differential input resistance of 20 k£
and a nominal termination resistof value of 120€3. The MCP2551 has CANH and CANL pins
that define dominant and recessive states of the nodes by the differential voltage between
CANH and CANL. A dominant state occurs when the differential voltage between CANH
and CANL is greater than a defined voltage (e.g., 1.2V). A recessive state occurs when the
differential voltage is less than a defined voltage (typically 0V). [4]

2.5.1 MCP2551 modes of operations

The modes of operations of MCP2551 CAN transceiver is sct by setting pin RS. There are
three modes of operations which is high speed, slope control and standby. The high speed
mode is set when RS pin is connected to VSS while standby mode is set by connecting RS
pin to VDD.

Slope control mode is controlied by connecting an external resistor between RS and ground.

Changing the value of resistor will change the slew rate.

13



2.6 PIC18xxx8 CAN Functions

All PIC18XXX8 CAN functions are grouped into the following three categories;
Configuration/Initialization Functions, Module Operation Functions and Status Check

Functions. These functions are used in the program to be loaded in the microcontroller.

Function Category
CANInitialize Configuration/Initialization
CANSetOperationMode Configuration/initiatization
CANSetOperationModeNoWait Configuration/initialization
CANSetBaudRate Configuration/Initialization
CANSetReg Configuration/Initialization
CANSendMessage Moduie Operation
CANReadMessage Module Cperation
CANAbortall Module Operation
CANGetTxErrorCount Status Check
CANGetRxFrrorCount Status Check
CANIsBusOEf ' Statius Check
CANIsTxPassive Status Check
CANIsRxPassive Status Check
CANIsRxReady ' Status Check
CANIsTxReady Status Check

Table 3 PIC18xxx8 Function Index

2.7 Wireless CAN

2.7.1 RFMAC

The RFMAC protocol is operated in the centralized WCAN network that consists of one

master (base) node and slave nodes in the range of master node.

Remote frames are used to send periodic messages without any contention of data frames.
Therefore the master node schedules all periods of data frames. If the master node wishes to

have data from any node it immediately sends a remote frame to the channel. All nodes on
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the network receive the remote frame and decide whether the remote frame belongs to the
node by using acceptance filtering. If the remote frame identifier does not match with the
acceptance filter, the slave node stays idle. A data frame is only sent when the remote frame
identifier matches with the data frame identifier [5].

2.7.2 WMAC

For WMAC protocol, each node must wait messages’ Priority Interface Frame (PIFS) time
before sending their messages. PIFS times provide message priority to each message and are
derived from the scheduling method which is performed by the user application. The shortest
PIFS takes the highest message priority which means shortest delay before accessing the
channel. After waiting PIFS times, each node checks the channel for the second time to be
sure that the channel is available for access. Hence, a message with lower PIFS will access

the channel before any massage with higher PIFS.

Hach node has a timer called Priority Timer. The Priority Timer is set when the message is
received from the channel. This prevents the nodes from the channel access during the PIFS
time. This is essential since a node may wish to transmit a message during the PIFS time and

sense the medium is free although there could be a node waiting its PIFS {5].

2.7.3 On-Off Keying

The On-Off keying allows arbitration and acknowledgement of CAN messages, A recessive
level happens when there is no signal while dominant level is sent by tuming on the

transmitier.

During CAN arbitration, when the level is recessive, the receiver is disabled but when in

dominant state, the receiver is enabled {6].
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CHAPTER 3
METHODOLOGY

3.1 Procedure

Preliminary research work

Preliminary research includes literature review on Controller Area Network.
Preliminary rescarches are done to gei as much information on the topic and to
gather any data on from various sources namely reference books, thesis, the web,
and experienced individual. This research work enabled student to estimate the

time process and feasibility of the project to ensure success of the project.
Detailed analysis

The information gathered will be learned thoroughly in order to have a firm grasp
on the topic. The information gathered will be analysed so that the objectives and
probiem identified for the project will be further defined.

Microcontroller programming, hardware design and implementation

Write or modifies existing C program in the PICC compiler. The program will be
downloaded into the PIC microcontroller in the form of its HEX file. The
programmer used is WARP 13.

The hardware setup includes the PIC18F458 microcontroller, MCP2551 CAN
transceivers and RS232 serial communication to monitor the traffic in the PC. The

project is now on this stage.

Testing the circuit and program
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The testing of the circuit has several paris. First is to ensure the microconiroller
PIC18F458 works perfectly. Second is to ensure the RS232 hardware circuit
which is used to connect the microcontroller to PC serially works. Then the circuit
is tested for the communication between the nodes which includes the two

microconirollers and the two transceivers.

The programming testing is done in between the circuit testing as it used different
program to test the circuits. The two microcontrollers use identical program to be

downloaded onio them.

Final resalt/ hardware

The final circuit hardware is done both on PCB board and Vera board. R8232
ports are included so that it can be connected serially to the PC via cable. The
circuits are then mounted on a piece of Perspex. The PCB boards and Vera boards

were held together on the Perspex using glue gun.
Final report and presentation

The final report and presentation are scheduled around end of June.

3.2 Toels

3.2.1 Sofiware

PICC compiler

The software used to program the language for the microcontroller. The program
is compiled to produce a machine-level language called the HEX file. The HEX

file is to be uploaded to the microcontroiler.
WARP 13

The programmer used to program the microcontroller using the available HEX
file.

Eagle
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