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Abstract 
 

This paper describes the design and implementation 
of a CAN Time-Triggered based communication 
protocol named SCoCAN, (Shared Channel on CAN), 
intended for use in distributed control systems, as is the 
case of autonomous mobile robots. This protocol 
enables real time communication between different 
intelligent nodes (sensors, actuators and controllers). 
The SCoCAN protocol has been implemented in the 
YAIR robot nodes, producing minimum jitter in the 
sensor-control-actuator loops. This hybrid protocol 
follows a scheme between pure TTP (Time Triggered 
Protocol) and ETP (Event Triggered Protocol), that 
guarantees acceptable response times and is 
deterministic.  
 
1. Introduction1 
 

Distributed systems with embedded intelligent 
components are nowadays more and more used in 
complex industrial systems.  It is common to find them 
in flight controllers, autonomous vehicles, robots, cars, 
automatic industrial control, etc. In these applications the 
sensors, actuators and control devices, with different 
levels of complexity, are distributed. With these systems 
we obtain a reduction cabling system, as well as a 
reduction of the required bandwidth. Most of the data 
involved in these architectures can be classified into 
three categories: time critical, periodic with long 
deadline, and non-real-time messages with large data 
blocks, and usually these are arising from control and 
monitoring requirements. Due to this fact, the 
transmission of these data by same physical medium 
must be scheduled to fulfil each particular time 
constraint.  

 
The correct operation of control loops and the spatial 

and temporal data integration requires real time 
performance. Because that, it is important to take into 
account, in the scheduling phase, the computing 
characteristics of the nodes and the capabilities of the 
field bus to be used. Although there is a great variety of 
real time buses, CAN[2] (Controler Area Network) is 

                                                 
1 This work is being developed under the CICYT grant 
DPI2002-04434-C04-03. 

one of the preferred solutions to communicate embedded 
systems distributed into reduced spaces. Native CAN 
protocol does not guarantee nor the minimum jitter nor 
the exact moment of transmission due the high 
variability of response time in CAN messages, produced 
by error conditions in the channel and the traffic load 
[11,13], breaking of this form timing constraints.  

 
This uncertainty has a negative impact into the whole 

embedded system and is the main motivation to the 
introduction of modifications in the basic protocol, to 
provide a deterministic behaviour of the communication 
network.  Due to that, one requirement typical in fieldbus 
systems is the capacity to deliver both time and event-
triggered communication services, to share and exploit 
their respective advantages. This fact has produced as a 
result the emergence of new hybrid protocols, such as 
TTCAN [4,5], FTTCAN [1,6]  and SCoCAN (our case). 
Some of these protocols will be introduced in a next 
section. 

 
Therefore, adequate choices of communication 

paradigms and protocols are required to achieve the 
desired combination of both time-triggered and event-
triggered services in an efficient, flexible, simple and 
timely way. This paper describes a new extension of 
CAN, the communication protocol called Shared 
Channel on CAN (SCoCAN)[9] based on a flexible static 
scheduling. This is used into a distributed architecture 
intended to control a mobile robot (YAIR) [12] using 
embedded intelligent nodes with RT-Linux [14].  
 
2. Description of the communication 
protocol SCoCAN 
 

On CAN, the access to the bus is non-destructive and 
is based on fixed priorities attached to each message. The 
transmission may be delayed if a message of higher 
priority also competes for the bus or if there is already 
other transmission in process. This means that even the 
messages with higher priority may show a small latency. 
The lower priority of a message implies higher jitter. The 
goal of SCoCAN is to avoid this jitter and to guarantee a 
deterministic communication, but at same time, 
exploiting the physical bandwidth of CAN, using a 
combination of both time and event-triggered services. 
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The SCoCAN (Shared Channel on CAN) protocol is a 
higher layer protocol on top of the CAN (Controller Area 
Network) data link layer. SCoCAN follows a hybrid 
schema between pure TTP (Time Triggered Protocol) 
and CAN native ETP (Event Triggered Protocol). An 
important aspect is temporal isolation of both types of 
traffic. This isolation is achieved by allocating bus 
bandwidth exclusively to each type of traffic. A classic 
implementation makes use of basic bus cycles containing 
time-slots dedicated to time-triggered and event-
triggered (TT and EV) messages. But SCoCAN provides 
also a small flexibility on basic cycles, enabling that time 
slots for TT traffic can be transformed into slots for EV 
traffic.  

 
SCoCAN is based on a TDMA (Time division 

Multiple Access) static scheduling with a light 
flexibility, in which one time table is previously defined. 
Each basic cycle of the protocol will use the same table. 
This table is saved in all nodes with their respective 
assignations.  

 
The nomenclature used in our protocol follows: in 

SCoCAN the bus time is divided into successive Basic 
Cycles (BCs) with fixed duration. All nodes are 
synchronized with the start of each BC by a particular 
message named SM (Sync Message), which is sent by a 
master node. Within each BC, SCoCAN defines three 
time-slot types: Private, Shared and Recycle(optionally). 
These features will be explained in next sections. 
 
2.1 The Synchronization Message 
 

The synchronization of the involved modules within 
the network is done via a Sync Message (SM) which is 
clocked by one master node. All nodes of the SCoCAN 
network identify the reference message by its identifier 
(generally this message has highest priority). This 
message may hold additional control information, as 
time information. The accuracy of the local time units 
depends only on the physical signal propagation of the 
bus line. The receipt of SM causes a new reconfiguration 
of local timers and restarts the cycle time in each node. 
Depending on implementation, the synchronization 
process may get delays because of differences in SM 
message reception time in each node. The accuracy of 
the synchronization depends on the physical signal 
propagation on the bus line and on processing time of the 
message. This small delay causes differences on the 
starting times of slots (t=α), therefore these delays must 
be taken into account. 
 
2.2 The Basic Cycle and their time slots. 
 

The time between two synchronization frames 
constitutes a Basic Cycle (BC) (see figure 1). The slots 
of a basic cycle are not always identical in duration. This 
enables flexible scheduling. The time slots of a basic 
cycle can be used for periodic messages and for sporadic 

or event messages. Any message that is to be sent has the 
CAN data format and utilizes a standard CAN message.  
In SCoCAN each basic cycle of the protocol will use the 
same transmission table. A table that determines the rank 
of identifiers that can be used for each message must also 
be defined.  
 

 
Figure 1. The Syncronization Message 

and the time slots of a Basic Cycle (BC). 
 

In SCoCAN , three types of slots are defined (see 
figure 1): 

 
Private Slots. In these slots, only one of the nodes can 

be able to transmit data (proprietary node). These slots 
are used for messages with real time constraints, 
synchronization messages or configuration messages. 
The assignation of messages to private time-slots is off-
line scheduled. To provide flexibility to scheduling, a 
private slot may be repeated more than once within a 
basic cycle. The automatic retransmision of CAN 
messages is disabled. 

 
Shared Slots. These slots have not any proprietary. 

Thus, the nodes must fight for their use by means of the 
conventional CAN access method (CSMA/CDCA). 
These slots are intended for messages with non-critical 
timing or messages with large blocks of data. It is 
allowed the transmission of more than one message 
during these slots. To maintain a strict temporal isolation 
between both types of traffic (Time- and Event 
Triggered), the privated slot must be protected from 
interference of ET traffic. This is achieved by removing 
the automatic retransmision of CAN messages and by a 
small amount of idle time that may appear at the end of 
the shared slot. (See Figure 2). The start time depends on 
syncronization process. 

 

 
Figure 2. Shared Slot. 

 
Recycled Slots . A new characteristic of our protocol 

that must be emphasized is that the private slots can be 
transformed into shared slots, providing flexibility on 
basic cycle. This transformation happens when in private 



     

slots there are no data to be transmitted. This feature 
enables the recycling of the bus bandwidth.  
 

 
Figure 3. Detection of inactivity in Private Slot. 

Recycle Slots.  
 
When is inactivity detected during a interval of time 

on private slots, other nodes with EV traffic queue,  
should start to send messages (see figure 3). This 
inactivity may be discovered directly by sampling on 
CAN bus or by a particular message reception, 
accordingly to type of node. 
 
2.3 Types of nodes 
 

Master Node: its job is to synchronize all nodes on 
network with high timing accuracy. This node send SM’s 
to mark the starting of basic cycle. Also, master node 
must be capable to detect inactivity via hardware from 
private slots and must indicate the unoccupied condition 
sending a particular message.  

 
Node Type A: Node with an intelligent board, capable 

of sampling the CAN bus lines, and detect inactivity via 
hardware. This feature allows these nodes to quickly 
transmit when there is inactivity during the private slots.  

 
Node Type B:  Node without capacity of bus 

sampling. This type of nodes can not recycle the empty 
private slots unless other specialised node (master node) 
send a short message, signalling the unoccupied 
condition of the private slots.  
 
3.  Other Communication Protocols 
 

From the above discussions in section 2 and [1, 13], is 
convenient to support both time-triggered and event-
triggered traffic. However, existing fieldbus protocols do 
not support both types of traffic (e.g., TTP/C[8] ), or 
both types are supported but without temporal isolation 
(e.g., DeviceNet[3], ProfiBus [7], P-Net[7]). In the cases 
where temporal isolation is used, the event-triggered 
traffic is handled inefficiently (e.g., WorldFIP[7], 
Foundation Fieldbus-H1[7]).  

 
Flexible Time Triggered CAN (FTTCAN) [1,6] is 

an extension of CAN based on a dynamic scheduling 
TDMA.  FTTCAN has a basic cycle divided in two 
windows, one asynchronous and other synchronous. In 

this window the traffic is scheduled dynamically by a 
master central node. 

Time Triggered CAN (TTCAN) [4,5] is another 
extension of CAN, based on static schedule TDMA. 
TTCAN uses a reference message to indicate the 
beginning of each basic cycle. A basic cycle is divided in 
three different types of windows: private windows, 
arbitration windows and free windows. The complete 
pattern of TTCAN traffic is integrated by a consecutive 
number of basic cycles that form a matrix.  

     
One of the main advantages of SCoCAN in 

comparison with other protocols is its ease of 
implementation (SCoCAN doesn’t require a master 
scheduler as in FTTCAN) and its abbreviate scheduling.  
Although SCoCAN has a static scheduling, it enables 
also some flexibility, allowing the transformation of 
Private Slots into Shared Slots (Recycle Slots). This 
simplifies scheduling without waste bandwidth. E.g., let 
us suppose that a distributed arquitecture has three TT 
messages (m1-m3) with 10ms rate and another TT 
message (m4) with 40ms rate. Numerous modes are 
possible for scheduling them on TTCAN, the results can 
be: a matrix with several basic cycles or one large basic 
cycle. For the same case, a simple short basic cycle (rate 
10ms) is required on SCoCAN. That is possible because 
when the privated slot of m4 message is unused, this is 
recycled to ET traffic. 

 
On the other hand, if a private slot is allocated to a 

node and the node is turned off (for any reason), it causes 
a waste of bus bandwidth in TTCAN, because privates 
slots remain allocated and empty. In the case of 
SCoCAN, the allocated slots can be recycled for ET 
traffic on SCoCAN, recovering the bus bandwidth.  
 
4. Case Study 
 

The SCoCAN protocol has been implemented in the 
autonomous robot YAIR2 and in this case the following 
characteristics have been specified: A basic cycle of 
10ms has been defined, divided into 20 slots of 500 
microseconds.  First slot is reserved for the 
synchronization message. In figure 4 the the basic cycle 
timing is shown. This timing specifications is based in 
periodicity of TT messages and capability of processing 
of node, that will be described in a next section. 
 

 
Figure 4.  Basic cycle of SCoCAN. 

                                                 
2 YAIR stands for Yet Another Intelligent Robot and is 
currently developed in our laboratory. 
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5. Results and Conclusions 
 

Apart from the real-time messages to support real 
time control loop execution, the communication channel 
in YAIR robot must allow the transmission of large data 
block sets produced, for example, by an ultrasonic 
sensor, laser range finder, code delegation between 
nodes and so on, that without affect the transmission of 
real-time messages. This is possible thanks to the shared 
slots of SCoCAN protocol.  
 

   
Figure 5.  Result using SCoCAN protocol 

with real traffic. 
 
Several tests on bus of robot have been executed, and 

the CAN bus traffic has been monitorized using a CAN 
monitor developed, in order to evaluate the impact from 
recycling of private slots. In these tests the transmission 
rate was established in 1 Mbps. At given intervals of 
time, three basic type of traffic can be programmed: (1) 
TT messages, ultrasonic and code delegation messages 
are dispatched, (2) TT and ultrasonic messages are 
dispatched and (3) only TT messages are dispatched. 
These data types are defined on x axis in the figure 5. 

 
In the figure 5, the utilisation factor of the bus 

bandwidth  using SCoCAN with recycling and without 
recycling of private slots are compared. The difference is 
8.603% and it’s equivalent to losing the transmission of 
420Kbits in 5 seconds.  Also, the amount of ultrasonic 
messages that have jitter in its transmission is shown. As 
expected, the US messages have jitter, because these are 
scheduling only on shared slots. However, any reduction 
of jitter is satisfactory. All the another TT messages have 
zero jitter.  

 
As a conclusion, hybrid protocols, such as TTCAN, 

FTTCAN and SCoCAN are acceptable solutions for 

networks with both critical and non-critical timing 
constraints. These protocols guarantee deterministic 
communications with temporal isolation of event-
triggered (EV) and time triggered (TT) traffic. 
 

In particular, the SCoCAN protocol described in this 
paper, seems to be a good approach, because it is easy to 
implement, supports real-time messages traffic with 
minimum jitter and simplifies scheduling without waste 
bandwidth. 
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