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Abstract: This paper describes a field bus of which the physical layer using CAN (Controller Area Network) 
transmission line and the data link layer using SPI (Serial Peripheral Interface) interface protocol. It uses half-
duplex transmission mode, which can be used to build a LAN (Local Area Network) control system with multi-
host structure. The bus takes advantage of the electrical characteristics of CAN transmission line, inheriting its 
anti-interference ability and the advantage of long transmission distance. Also, it inherits the merits of SPI bus 
in fast communication, simple use and low cost. The paper describes the communication protocol and hardware 
and software implementation of the novel fieldbus and gives the experimental data and test results to verify the 
feasibility of the novel fieldbus and excellent communication characteristics. Copyright © 2014 IFSA 
Publishing, S. L. 
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1. Introduction 
 

The high development of measurement and 
control technology, communication network 
technology, computer technology and silicon chip 
technology leads to profound changes in the 
equipment manufacturing, control method and 
system integration of the automation field. It builds 
up a fieldbus control system based on the fieldbus, 
changing the traditional control system 
fundamentally. Currently, there are over 50 kinds of 
influential fieldbus protocols, which are protocol 
standards formed after applying special provisions to 
meet the needs of some industrial applications. The 
typical example is the CAN bus (Controller Area 
Network). CAN bus is a serial data communication 
protocol which was originally developed by BOSCH 
Company in Germany to solve many controls of 
modern cars and data exchange between the test 
equipment. Now, it has been used and promoted 
more frequently to more and more different areas. It 

is a multi-host bus, whose communication medium 
can be twisted pair, coaxial cable or optical fiber, 
with the advantages of simple connection, stable and 
reliable situation, long-distance transmission and low 
cost [3]. These are mainly due to the electrical 
characteristics of the CAN transmission line. 
However, its communication protocols and interface 
hardware is complex and its cost is high, the 
procedure of use is also complicated and the 
communication rate is not too high. Other types of 
fieldbus have similar characteristics. For electronics 
engineers, UART (Universal Asynchronous Receiver 
/Transmitter), SPI (Serial Peripheral Interface), I2C 
(Inter-Integrated Circuit) bus are the most well-
known as well as the standard interfaces for many 
embedded processors. If a fieldbus using these 
interfaces can be built, both the hardware or labor 
costs are very favorable. However, all these three 
types of serial bus use unbalanced single-ended 
transmission that the communication distance is too 
short and it cannot build fieldbus directly. Therefore, 
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developing the advantage above and avoiding the 
disadvantage as well, the paper puts forward a 
fieldbus S2CAN (Synchronous Serial Controller Area 
Network) whose physical layer uses CAN 
transmission line and data link layer uses SPI 
interface. It also describes the interface circuit 
structure and communication protocols that connect 
with common processor SPI interface. 

 
 

2. Electrical Characteristics of CAN 
Transmission 
 
A CAN transmission line has two signal lines 

CANH and CANL, using NRZ coding method. Level 
is expressed as Dominant and Recessive, as shown in 
Fig. 1. "Dominant" represents a logical value "0" 
while " Recessive " represents the logical value "1". 
The differential voltage between CANH and CANL 
is rather large when it is dominant, while rather small 
when it is recessive. CAN transceiver determines the 
logic "0" and "1" of the bit code by detecting the 
magnitude of the differential voltage. Therefore, 
CAN transmission line has a strong resistance to 
common mode interference. As long as the 
transmission line impedance matches well, the 
transmission distance can be very far away. Further, 
the bus level can be obtained by the “wired-AND” 
mechanism based on the level of each node. When 
the node transmits Recessive bit, it is actually 
isolated from the bus. Only when the node transmits 
Dominant bit can the level of bus be changed [1-2]. 
 
 

 
 

Fig. 1. The electrical feature of CAN bus. 
 
 

3. Interface Hardware Structure of Novel 
Fieldbus 

 

Based on the electrical characteristics of CAN 
transmission lines described above, the data 
transmitted from the SPI interface are transmitted 
through CAN transmission lines after level switch by 
which it can improve reliability and extend 
communication distance. The fieldbus system, which 
uses two sets of signal channels, presented in this 
paper is multi-host structure, and the signal channel 
consists of CAN transceivers and CAN transmission 
lines. The structure of the interface circuit is shown 
in Fig. 2, in which the BUSY and the M/S are user-

defined common I/O ports of the MCU (Micro 
Controller Unit), Channel A transmits data stream 
and Channel B transmits synchronization clock. 
When the bus is free, each node is in slave mode, the 
M/S port of the MCU outputs low level which 
controls the on and off states of the relevant tri-gates. 
In Channel A, the MISO port of the MCU is 
connected to the TXD input of the CAN transceiver 
and the MOSI port is connected to the RXD output. 
In Channel B, the CLK port of the MCU is connected 
to the RXD output of the CAN transceiver. When one 
of the nodes starts the communication, it should 
switch to master mode. The M/S port of the MCU 
outputs high level which controls the on and off 
states of the relevant tri-gates. In Channel A, the 
MISO port of the MCU is connected to the RXD 
output of the CAN transceiver and the MOSI port is 
connected to the TXD input. In Channel B, the CLK 
port of the MCU is connected to the TXD input of the 
CAN transceiver. In this novel fieldbus, the master 
addresses the slave by transmitting the address code 
instead of using the chip select line, so the chip select 
port SSEL of the SPI slave inputs low level by M/S 
port. 

 
 

 
 

Fig. 2. Novel fieldbus interface hardware structure. 
 
 

The output of the D-flip flop which is shown in 
Fig. 2, is connected to BUSY port. The BUSY port is 
used to monitor the state of the bus. When the node is 
in master mode, the D-flip flop is in reset state. So 
when the system is initialized, the node needs to 
switch to master mode, and then back to slave mode. 
Based on the electrical characteristics of CAN 
transmission lines, the protocol dictates that when the 
bus is free, the clock lines and the data lines are in 
high level, which is in recessive level state. In the 
bus, when one of the nodes switches the mode from 
slave to master and starts transmitting the data, the 
clock lines drop to low level so that a level negative 
jump generates. At this point, the RXD port of 
Channel B of all communication nodes outputs a 
level negative jump except the master in the bus, the 
state of the D-flip flop of every slave is put to logic 1 
so that the BUSY port of the MCU rises to high level. 
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So, in order to prevent the transmission conflict, it 
needs to check the level of BUSY port before a node 
switches its mode from slave to master. When BUSY 
port is in low level, it illustrates there is not any 
communication competitors in the bus, so it allows 
the node to switch to master mode, otherwise it needs 
to wait for the communication of other nodes to 
finish. After a round of the communication ends, 
since BUSY port of the slave is still in high level, to 

make it return to initial state, all of the slave must 
switch to master mode to make the D-flip flop reset, 
and then switch back to slave mode without any 
further processing. 

Since the physical layer of the novel fieldbus 
adopts the CAN transmission lines, its network 
topology can inherit from all forms of the network 
topology of the CAN bus, the exemplary structure is 
shown in Fig. 3. 

 
 

 
 

Fig. 3. Normal way of composition of novel fieldbus network. 
 

 

4. Communication Protocol 
 

SPI bus protocol is full-duplex, a byte of data is 
transmitted and received simultaneously. Master as 
the communication initiator completes transmitting a 
byte of data, and receives a byte of data as well. 
Slave as a passive recipient completes receiving a 
byte of data, and transmits a byte of data [4]. Since 
the reception and transmission of a novel fieldbus 
share a data channel, it must be half-duplex 
communication. In order to achieve half-duplex 
communication, the protocol dictates that the 
message recipient should transmit recessive code 
(0xFF) when the message sender transmits a 
message. This is equivalent to the transmitting port 
of the information recipient to separate from the bus 
electrically, so as not to affect the sender transmitting 
the message. In order to give a simple illustration, the 

narration of transmitting recessive code (0xFF) when 
the recipient receives the information is omitted in 
the following part. 

This paper presents a designed S2CAN bus 
communication protocol. When a node initiates a 
round of communication, all the other nodes on the 
bus must operate according to this communication 
protocol. If any step fails, all the slaves must be reset 
to the free state. The protocol specifies two states for 
master, which are starting state and communicating 
state, and four states for slave, which are free state, 
waiting state, connected state and non-connected 
state. In the process of communication, states of 
masters and slaves will migrate. 

In addition, the protocol adopts six characters in 
ASCII table as function symbols in the process of 
communication. Codes and functions of these six 
characters are shown in Table 1 [5]. 

 
 

Table 1. Encoding of the Functional characters. 
 

Characters DLE STX ETX EOT ETB CAN 
Coding 0x10 0x02 0x03 0x04 0x17 0x18 
Function Escape Start of Text End of Text End of Transmission End of Trans. Block Cancel 

 
 
4.1. Obtaining Control of Bus 
 

The node which initiates communication detects 
the level of the interface port BUSY at first. If the 
level is low, which means all the nodes on the bus are 
in the free state, then the initiating node is allowed to 

switch to the master mode, or otherwise, the 
initiating node fails to obtain the control of the bus 
and is forbidden to switch to the master mode. After 
being into the master mode, the initiating node 
transmits one byte of the source address code, with 
high bit in front. The source address refers to the 
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identical address of the master node, of which the 
code value also represents the communication 
priority of the node, with smaller value 
corresponding with higher priority. When one of the 
nodes (Master A) starts the communication and 
detects that the bus is free, it’s likely to have a 
situation that one of the other nodes (Master B) has 
just started the communication, because there is a 
delay in signal propagation, Master A doesn’t detect 
Master B yet. Then both of them transmit their 
respective source address code to the bus at 
approximately the same time, so the data signals and 
clock signals both are in conflict. But, when the time 
difference between Master A and Master B which 
initiate communication is less than half synchronous 
clock cycle, as shown in Fig. 4, the clock signal 
CLKa of Master A and the clock signal CLKb of 
Master B have a behavior called “wired-AND” in the 
CAN transmission lines of Channel B which will 
generate the clock signal CLK. Similarly, the address 
code ADRa of Master A and the address code ADRb 
of Master B have a behavior called “wired-AND” in 
the CAN transmission lines of Channel A which will 
generate the address code signal ADDR. As can be 
seen in the figure of time sequence wave, the address 
code ADDR is the same as ADRb, and the code 
value of ADRb is less than ADRa, this illustrates that 
when the communication initiates at the same time, 
only the node of higher priority can receive its own 
address code. Therefore, when the communication 
initiates, the master which receives the address code 
of local node can get the control of bus and the other 
master which receives the address code of other node 
must avoid and wait. Obviously, to ensure this 
function works, the maximum time delay between 
the nodes should be controlled in less than half 
synchronous clock cycle, when the physical length 
and the communicating rate of the bus are planned. If 
high transmission rate is needed which leads to not 
reaching the limitation of time delay mentioned 
above, the rate of transmission can be decreased at 
the stage of getting the control of bus, and is 
increased after getting the control of bus. 

 
 

 
 

Fig. 4. Waveform of two address signal "wired-AND" 
and two clock signal "wired-AND". 

After obtaining the control of the bus, the master 
migrates to the starting state. Once a salve in the free 
state receives one byte of data, which will always be 
regarded as the source address code transmitted by 
master, it will migrate to the waiting state. 
 
 
4.2. Establishing Connection 
 

After being into the starting state, the master 
transmits one byte of the target address (the identical 
address of the communication target node), and waits 
for responses. After receiving one byte of data in the 
waiting state, a slave will regard it as the target 
address transmitted by master. If the target address 
code match with the local address code, the slave will 
transmit one byte of dominant code (0x00) as ACK 
response and then migrate to the connected state, or 
otherwise, the slave will transmit one byte of 
recessive code (0xFF) as NAK response and migrate 
to the non-connected state. 

What needs to be pointed out is that the master 
may not receive the dominant code (0x00) when it is 
transmitted as the slave needs to respond ACK. This 
is generated by the phase difference between the 
synchronization signal and data signal. Because the 
delay of the received data transmission for the master 
occurs, it generates the phase difference between 
local synchronization signals. When the phase 
difference is large, the sampling misalignment occurs 
and master data will be wrong. If the misalignment is 
less than 4, the low 4 bits reply code received from 
the master will not be misaligned. Therefore, as long 
as the 4 bits are logic 0, it can be judged that the 
slave answers the ACK. 

If the master judges the received response as 
ACK, which means the communication target is 
connected, it will migrate to the communicating 
state. If the master receives NAK, which means the 
communication target cannot be connected, it should 
transmit the characters DLE-CAN (1 byte of escape 
character DLE and 1 byte of cancel character CAN), 
which represents request for cancel, and then 
retransmit the target address. 

If the master does not receive an ACK response 
for twice consecutively after transmitting the target 
address, it will transmit the characters DLE-EOT  
(1 byte of escape character DLE and 1 byte of ending 
transmission character EOT), which represents 
termination of communication, and gives up the 
control of the bus temporarily. 
 
 
4.3. Transmitting Data Frames by Master 
 

After being into the communicating state 
successfully, the master will transmit messages, 
which can be consecutive data packets, in the format 
shown in Fig. 5a and 5b. The two characters DLE-
STX in both two figures represent the start of the 
message. The two characters DLE-ETX in Fig. 5a 
represent that this data frame is in the middle of the 
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message. The two characters DLE-ETB in Fig. 5b 
represent that this data frame is the last one of the 
message. BCS is the 2-byte CRC (Cyclic 
Redundancy Check) check code. After finishing 
transmitting a data frame, the master turns into 
receiving responses from slaves. If the response is 
NAK, the master needs to retransmit data packets. If 
the retransmission fails or the response is ACK, the 
master will transmit the characters DLE-EOT, which 
represent termination of communication, and reset to 

the slave’s free state, ending this round of 
communication. 

Each time a data byte is transmitted in the process 
of transmitting data frames, the master will compare 
this transmitted byte with the data byte received at 
the same time. If they equal to each other, that means 
the transmission is normal, or otherwise, the 
transmission is abnormal. If the abnormality occurs, 
the current data frame should be retransmitted. 

 
 
 

DLE 
STX 

Data area (Max1024 bytes) 
DLE 
ETX 

BCS 
(2 bytes) 

 
Fig. 5a. The middle data frame format. 

 
DLE 
STX 

Data area (Max 1024 bytes) 
DLE 
ETB 

BCS 
(2 bytes) 

 
Fig. 5b. The ending data frame format. 

 
 

To avoid that the master with a higher priority 
occupies the bus for long while transmitting 
consecutive data frames, which leads to that the 
data of the node with a lower priority cannot be 
transmitted in time, this protocol specifies that after 
one round of communication, a master can transmit 
again only after a 10-byte communication time 
interval, during which other nodes can switch to 
master mode immediately and initiate 
communication. In this way, nodes with lower 
priorities also have chances to transmit data in 
time. 

 
 

4.4. Receiving Data Frames by Slave 
 

If the slave is in the non-connected state, it will 
not operate any process on the received data or 
make any response. Instead, it will just wait for the 
DLE-EOT characters transmitted by master. When 
the slave receives the DLE-EOT characters, it 
returns to the free state. 

If the slave is in the connected state, when a 
DLE character is received, the slave will always 
regard it as a non-data and non-command blank. If 
the following character is still DLE, then this 
following DLE is data 0x10. If the following 
character is not DLE, then it is a function character, 
which should be processed according to its 
definition shown in Table 1. When the function 
character is CAN, the slave cancels current 
receiving operation and reinitializes its reception. If 
the function character is EOT, the slave returns to 
the free state. In order to make BUSY return to low 
level, it is necessary that the slave switches into 
master and then switch back to the slave mode. 

In the receiving process of data frames, if the 
start characters of a data frame is found not to be 
DLE-STX, or an undefined function character is 

received (it means the data length that the DLE 
character is excluded in data area), or the length of 
a data field exceeds 1024 bytes, The received data 
is judged as abnormal. At this time, the slave does 
not transmit recessive code (0xFF), but changes to 
transmit one byte of dominant code (0x00) as 
abnormal notice when it receives the next byte. If 
after the slave transmits abnormal notice, the next 2 
bytes received are DEL-STX character and it resets 
the receiving. Otherwise, it retransmits the 
abnormal notice as mentioned above repeatedly, 
until the next 2 bytes received are DLE-STX 
character and reset the receiving. 

A data field starts from the third character of a 
frame. The slave will put received data into the 
receive buffer successively. The reception of a data 
field ends after receiving the end character or the 
message end character (DLE-ETX or DLE-DTB), 
followed by 2 bytes of data received as the CRC 
check code. After receiving the 2-byte CRC check 
code, the CRC value of the received data will be 
calculated. If they are equal to each other (check is 
correct), an ACK (dominant code 0x00) response 
will be transmitted, otherwise, an NAK (recessive 
code 0xFF) response will be transmitted. 

 
 

4.5. Monitoring Timeout 
 

To avoid that the state of a node is not reset 
when communication fails, this protocol requires 
monitoring the communication time of each round. 
No matter whether a node is in the master mode or 
the slave mode, when its state breaks away from 
free state, it will be monitored. If a node does not 
return to the free state in a predetermined overtime 
period, it will be forced back into the free state and 
get its state initialized. The length of the overtime 
period can be specified according to data 
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transmission rate, of which the minimum length 
can be specified as twice as the time needed to 
transmit a data frame. 
 
 
5. Communication Process 
 

When two nodes communicate, they often 
transmit data packets interactively in which the 
master is not fixed, mode switching will occur in 
the communication process. As shown in Fig. 6a, 
Node A needs to switch to master before it starts 
the communication, and transmits the data after 
getting the control of bus. Then Node B receives 
the data by slave mode. As shown in the figure, 
SADR is the source address code characters 
transmitted by master, TADR is the destination 
address code characters transmitted by master, 
ACK is the a dominance code (0x00) replied by 
slave, DATA BLOCK is the data packets 
transmitted by master, DLE-EOT is the end 
character of communication transmitted by master. 
Node A switches back to slave mode after a round 
of the communication ends. When the Node B 
responds to the transmitting data of Node A, it 
switches to master mode and follows the 
processing method of the master above to transmit 
the response data, the communication process is 
shown in Fig. 6b. At the same time, Node A 
follows the processing method of the slave 
mentioned above to receive data. 

 
 

 
 

Fig. 6a. a) Node A initiates communication; 
b) Node B responds to the communication. 

 
 

6. Realization and Test of the 
Communication 
 
In order to verify the characteristics of the 

S2CAN bus, two sets of CAN transmission lines in 
the test use the 30m long twisted pair with the load 
resistance of standard 150 ohm. The bus accesses 
three communication nodes. CLK is set at high 
level when the bus is free and sampling data by all 
nodes is set at the first jumping edge of the clock 
signal. In the initial stages, the clock polarity of 
each node is set with requirements above and the 
relevant data is initialized. 

When the communication nodes are in the 
master mode or slave mode, it follows the 
processing method of the protocol above. But when 
the node receives data, using the SPI interrupt 
mode or query mode will make the process flow 
different. In this paper, the communication program 
of the master is realized by the process module, 
which is one C language function. When the master 
initiates the communication to some nodes in the 
bus, the certain C function is called only once and 
the communication objective is realized. According 
to the characteristics of the SPI interface, only the 
query mode is suitable for transmitting process of 
the master in this situation. The flow chart is shown 
as Fig. 7, “Get the control of bus” and “Master 
initiates the connection” within the process are both 
working in accordance with the protocol, the detail 
process of which is not discussed here. The 
“transmitting data frame” is to transmit the data 
which has set to follow the frame format. In order 
to distinguish between data 0x10 and character 
DLE, the DLE character should be inserted in front 
of the every one byte of data 0x10 in data area to 
show that the latter 0x10 is data instead of 
character DLE. Transmitting data frame is a finite 
cyclical process, when the master detects an error, 
exiting the loop. 

 

 
 

Fig. 7. The process flow chart of master. 
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The communication program of the slave is also 
realized by a process module. The receiving 
process in the communication adopts the method 
combining one byte of receiving data with the 
current state. Interrupt mode can also be used as 
query mode in receiving, but the process method is 
different from the one of the master. Although the 

process module is also one C language function, it 
is called when the slave receives every byte of data. 
The flow diagram for data process is shown in  
Fig. 8. What is needed to point out is that the mode 
switch to let the BUSY return to low level is not 
listed here and it is included in the process of 
“migrate to free state” instead. 

 
 

Slave receiving entry

Free state？

Match the local address？

Migrate to connection 
state

Migrate to non-connect 
state

Send ACK

Previous character is DLE？

Receive EOT character？

Start receiving data

Is character DLE？

Receive as data

Receive ETB character？

Receive ETX character？

Set ending message flag

Calculate CRC checksum

Slave receive exit

Send NAK

Receive one byte of data

Has data receiving started？

YY

N

Is check correct?

Send ACK

Receive CRC checksum？

Migrate to free state

Second byte？

Connecting state？

N

Y

Y

N

Receive STX character？

Send NAK

Receive DLE character？

Reset receiving 
environment

Y

N

Y

Y

N

N

Y

Y

Y

Y

N

N

N

N

N

N

N
N

Y

Y

Y

Connecting state?

Y

N

Receive CAN character？
N

Y

Memory of DLE 
receiving 

 
 

Fig. 8. The process flow chart of slave. 
 

 
The timeout monitor process is to count events in 

the condition in which the node is broken away from 
free state by using timing events in the application 
program. When the count value is over the 
determined time, it forces the node to reset, making it 
return to free state. This is a simple independent 
process, and the flow chat will not be given here. 

 
 

7. Conclusions 
 

The test results show that the novel bus as the 
fieldbus is applicable and effective in a suitable rate 
range. It can be found that the highest data 

transmission rate is 2.25 Mbps which is higher than 
the data transmission rate of CAN bus. In addition, 
when transmitting the data by CAN bus, the data 
field is only 60 percent of the frame data, but S2CAN 
bus is almost 100 percent. Therefore, the transmitting 
efficiency of S2CAN bus is higher than CAN bus at 
the same rate. As a result, S2CAN bus has the 
simplicity, high rate and low cost that CAN bus 
cannot compare, it is very suitable for the 
measurement and control system with multi-host 
structure. The bus communication reliability is 
heavily dependent on the one of software processing. 
In this regard, the test is not sufficient, which needs 
continuous improvement and perfection in the future. 
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