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 Background: Automotive embedded systems are truly distributed and diverse in 

terms of their functionality, development and construction. There are several tools 

and methods available for timing analysis of automotive embedded systems. The 

Jitterbug simulator is used to minimize the internal timing and the cost function. 

Embedded controller and network blocks have been introduced in Truetime a 

MATLAB/Simulink based tool which can be used for executing the user defined 

threads and interrupt handlers representing the controller tasks, input/output 

tasks and network interface tasks. CAN protocol and the simulation of CAN data 

transfer is done with the simulation and the periodical analysis called worst case 

response time analysis, which cannot be used no more since the complexity of the 

network is increasing and the simulation of the network will not guarantee. The 

consideration of the value of the quantile depends on the complexity of the frames 

and frame is simulated by using the RTaW-Sim in a scheduled manner for the 

different offset configurations. Objective: Timing Analysis of Automotive 

Embedded Control System using Jitterbug, TrueTime and different Offset 

configuration using RTaw-Sim. Results: The paper provides a study of different 

timing analysis of automotive embedded systems that are realized using Model 

Based Development (MBD) Conclusion: Study on Jitterbug and Truetime is 

presented. The quantiles of the response times with no drift and random drift 

configuration based performance evaluation by simulation as a practical 

alternative to schedulability analysis for automotive system and estimated how 

the quantiles can be used in the timing analysis process and how to determine the 

offset configuration and corresponding statistics response time, that is WCRT. 
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INTRODUCTION 

 
Early in the development cycle of automotive embedded systems, schedulability analysis along with 

simulation is the main approach to verify the timing constraints of a real time system. The collection of 
schedulability analyses developed over the years for Controller Area Network(CAN) now constitutes a mature 
body of literature that allow the designer of CAN based systems to obtain performance. JITTERBUG is a 
MATLAB-based toolbox that makes it possible to compute a quadratic performance criterion for a linear control 
system under various timing conditions. The tool can also compute the spectral density of the signals in the 
system. Using the toolbox, sensitivity of a control system to jitter, lost samples, delay etc., is asserted easily and 
quickly. The tool is used to investigate jitter-compensating controllers, aperiodic controllers, and multi-rate 
controllers. The important contribution of the toolbox is to make it to apply this type of stochastic analysis to a 
wide range of problems. This is built on well-known theory Markov jump linear systems. 

Knowledge of sampling period and latency distributions are important to use the tool JITTERBUG.  This 
information can be difficult to obtain without access to measurements from the true target system under 
implementation. All the details and nonlinearities (especially in the real-time scheduling) of the computer 
system are not captured in the analysis. A natural approach is to use simulation instead.  The 
MATLAB/Simulink- based tool TRUETIME facilitates simulation of the temporal behavior of a multitasking 
real-time kernel executing controller tasks. The tasks are controlling processes and are modeled as Simulink 
blocks.  TRUETIME also makes it possible to simulate simple models of wired and wireless communication 
networks and their influence on networked control loops. Different scheduling policies can be used e.g., 
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priority-based preemptive scheduling and earliest-deadline-first (EDF) scheduling. Transmitting frames with 
offset means that the first instance of a stream of periodic frames is released with a delay called the offset with 
regard to a reference point which is the first point in time at which the station becomes ready and is transmitted. 
Subsequent frames of the streams are then sent periodically, with the first transmission as the time origin. 
  
Overview Of Timing Analysis: 

Timing analysis is an essential tool to determine the bounds on the execution time of one task when executed 
on a particular hardware. Measurement and static based methods are the two different methods of timing 
analysis. Timing analysis via measurement based methods are obtained by the execution of tasks (or task parts) 
on a given target platform or through simulation of some set of inputs. On the other hand, the static method 
analyzes the set of possible control-flow path through the task. Based on a model of the hardware architecture, 
the control flow has been analyzed in order to obtain upper bounds for this combination. 
 
Control Loop Timing Analysis:  

In Computed control system, the control task generally consists of three different operations. Input data 
collection, control algorithm calculation and output signal transmission. 

 
Fig. 1: Computed Controlled System. 
 

The timing of the operations has been essential for the performance of the controller. The control algorithm 
calculation should be executed with perfect periodicity, and thereby zero delay occurs. 

 
CAN Networks:  

Before the invention of CAN, Car manufacturers were facing lot of problems due to the complexity of wire 
connections. This is due to there is no standard protocol to communicate the message from the one part to the 
other one. So there is a need of an electronic system for the communication of messages rather than the 
mechanical or hydraulic system. The multiplexed technology helps in providing solution to this problem, such 
as VAN or CAN by interconnecting the nodes called ECUs like Engine controller, automatic gear box, junction 
box and the body Controller. CAN protocol helped in the data broadcasting so that the wiring complexity is 
decreased. 
 
Increased Speed:   
    New electrical and electronic functions are created and developed using CAN so that the usage of the 
bandwidth is increased. The speed of the CAN is now increased as 250 kbps for a body network .The easy bus 
access and the bus topology allowed to connect more than one CAN clusters within the car. 
 
Complex architectures and timing requirements: 
     At the time the CAN was introduced, very few ECUs were connected due to two main reasons, one is smooth 
migration of the technology and the other one is development cost of CAN. Initially normal Excel sheet is used 
to evaluate the response time of the data since there is only tens of CAN ECUs were present in the car. 
Nowadays there are thousands of signals exchanged by hundreds of ECUs, so the network will have the timing 
constraints below 5 ms. Since the use of gateways between the CAN and the other networks like flexray, the use 
of several CAN clusters raises some technical issues like time response diagnosis, sleep synchronization and the 
overlap of data whatever we send in the bus. To overcome these problems CAN manufacturers have developed 
the tool suites and that are available in the market now. There are two ways by which the optimal performance 
can be achieved one is by reducing the responsive time of the event-triggered distributed processing or by 
reducing the jitter of the time-triggered processing. The priority should be given to reducing the jitter in the 
time-triggered processing since the entire performance of the control system depends on the jitter. A time 
division scheduling to combine both the time-triggered process and the event-triggered process is presented. As 
mentioned before the execution cycle or machine cycle consists of time-triggered and non-time-triggered 
processing. 
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Need of the time verification model: 

As mentioned before the two main verification process are simulation and the schedulability analysis i.e., 
worst-case responsive time analysis, which is nothing but calculating a mathematical model by analyzing the 
worst case that will happen in the real time operation. The important time response includes the communication 
latency or the response time of the data i.e., the time taken for the node to sense the data. Generally the CAN in 
real time may have higher network loads. The consideration is to be done for the timing verification process 
since the error cannot be identified accurately. So there is a need for hard development process that will be more 
accurate than that were in the past. For instance, consider a node with a FIFO queue can create continuous 
sequence of high priority frames that will impact the time delay of the frames which is sent by other nodes, also 
the jitters of the frame which is forwarded to the gateway may be increased these error cannot be identified by 
the past analysis methods. 

Timing Analysis using Jitterbug:  
Jitterbug is one of the Matlab based toolboxes. The tool is quite generic and can also be used to investigate 

jitter-compensating controllers, aperiodic controllers, and multi-rate controllers. To allow the computation of a 
quadratic performance condition for linear control system with different timing conditions is the main 
application. A control system is described by two parallel models in Jitterbug. One is timing model and the other 
is signal model. The signal model should be given by a number of linear, connected, discrete and continuous 
time systems.  

Distributed control system example, control of DC servo motor process has been considered. Using Jitterbug 
command, this controller is designed to minimize the continuous time cost function. The cost function of the 
given specification has been calculated in the initial design. Assuming zero input-output and zero sampling 
jitter. The control loop is quite sensitive to input-output latency, even though the controller has been designed to 
compensate optimally for the delay. 
 
Network control system using jitterbug: 

Timing analysis using JITTERBUG can be used to determine the slow sampling time, jitter, and delay etc. 
The real time design with simulation tool TRUETIME has been used for more detailed analysis. Computer and 
network blocks have been introduced in TRUETIME which is based on MATLAB/Simulink. The computer 
blocks executes the user defined threads and interrupt handlers representing the controller tasks, Input/output 
tasks and network interface tasks .The user should decide the scheduling policy of individual computer blocks 
which is arbitrary and decided by the user. Providing models of real-time kernels and networks as Simulink 
blocks are the main ideas for Truetime in which User code is in the form of tasks and interrupt handlers are 
modeled by MATLAB or C-code. The Network blocks in the true time allow node (kernel blocks) to 
communicate over simulated wired or wireless networks. The S-function simulates a computer with a simple but 
flexible real-time kernel, ADC, DAC, a network interface, and external interrupt channels in Truetime. 

 
Pseudo code for Network Control System: 

The Truetime Kernel block is one of the main blocks which are used to simulate a single ECU, as well as 
connecting different ECUs to CAN. The toolbox consists of True time Kernel, network, wireless network, 
battery, ultrasound network. It works on in built real time operating system kernel. Network block allows nodes 
to communicate over simulated network using wired network. The Truetime Battery block is used to simulate 
battery operated ECUs and analyzes the effect of different power management schemes.  
 
The sample code for Network Control System: 
 Communication between the actuators, sensors and other controllers are supported by the Network 
communication. The data transfers and data exchanges among the users bring major benefits. The analysis and 
design of an NCS should have been complex because of the insertion of the communication network in the 
feedback control loop.   
 
 
 
 
 
 
 
 
 
  
Fig. 2: The Network Control System Block diagram. 
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Model diagram for Network Control system using TrueTime: 

Integrating computer networks into control systems brings the disadvantages for NCS. The NCS performance 
have always affected by network delays or packet dropouts because of the irrespective type of network used. In 
figure 3 shows the process of input Node 1 periodically converts A/D value. 
 
 
 
 
 
 
 
 
Fig. 3: Node1 Input data collection (A/D). 
 
 
 
 
 
 
 
 
Fig. 4:  Node2 Output signal calculation (D/A). 
 

From the figure 4 shows the Node 2 has to convert the received data to the analog signal and then send it to 
the process. The overall model is below in figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Overall block diagram for given control system. 
 
Timing Analysis using RTAW-SIM:  

The software used in this simulation is RTaW-Sim, which is a discrete-event CAN bus simulator which 
provides the frame response and the time distributions. It is easy to get since it is available as freeware, the can 
bus can be accurately simulated at the granularity of 1 us. So the high speed frame of the CAN i.e., 1 Mbps can 
also be simulated without error. The import feature of the Netcar analyzer helps to replay the phasing scenario 
which leads to the Worst case response time. 
Offset assignment:  

The proper offset should be chosen to avoid the complexity that increases exponentially with the time of 
tasks. If the messages are task scheduling, then it is not suitable for the message scheduling in the context of 
automotive. 
 
Offset configuration types: 

The fixed and preemptive scheduling of offset free systems is shown below. In these systems, offset of the 
tasks were chosen by scheduling algorithm. As a result, we have to choose the task priorities, and the task 
offsets. 

 
Dissimilar offset assignment (DOA): 

The basic idea of the dissimilar offset assignment is to shift away, as far as possible, in some instances the 
offset of the tasks would mostly be conflicted with the use of CPU. This mostly related to the synchronous case 
since the offset of the tasks having released in small amount of time and will be shifted away as far as possible. 
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To maximize this measure, which is defined as the length of the shortest interval that contains at least one 
instance of each task, the dissimilar offset assignment algorithm allocates offsets of the periodic tasks.  

 
Similar offset assignment (SOA): 

Due to the increased use of software in the embedded system design, code optimization is important for the 
real time systems. Similar offset assignment is the central code optimization technique used everywhere. For the 
performance optimization, profiling information can be exploited by assigning frequently executed program 
paths including the tools for access sequence extraction and the C++ source code for our implementation of the 
8 SOA algorithms. 
 
Clock drift configuration: 

Clock drifts are created from the CAN frames which is operating in an irregular frequency, the oscillators 
will not be exactly same since it will change due to the environmental changes such as temperature. The clock 
drifts are generally unavoidable and it will cause the system to communicate with phase errors between the 
ECUs. There are two cases taken for this evaluation one is “NO DRIFT” which is without any clock drift and 
the other one is “RANDOM DRIFT” in which a random clock drift is created and used in between the 
communication. 

 The simulation is made using ten ECU nodes named ECU0 and ECU2 up to ECU9. And there are totally 
forty frames are associated with the ten ECUs. This CAN network named CANLS is simulated using the 
RTaW-Sim tool with 10%bit stuffing with various offset clock drift configuration. The figure 6 shows the worst 
case frame response time curve simulation. 

 
Fig. 6: worst case frame response time curve simulation. 
 
 The figure 6 is the outcome of the Schedulability analysis. It is generally larger than the worst case response 
time. In the case where the gateway or non-identical communication stacks, Schedulability analysis is negative 
to an extent that cannot be predicted. The value which is maximum in the simulation is less than the worst case 
response time. 

RESULT AND DISCUSSION 
 

Quantiles of the response times with no drift configuration: 
Zero Offset configurations:  

The figure 7 shows the graph plot for the condition of the zero offset and no clock drift condition. 
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Fig.7:  No drift condition at zero offset configuration-Graph 
 
Dissimilar Offset Assignment (DOA):  
   The figure 8 shows the graph plot for the condition of the DOA offset and no clock drift condition. 
 

 
Fig.8:  No drift condition at DOA offset configuration-Graph 
 
Similar Offset Assignment (SOA): 
     The figure 9 shows the graph plot for the condition of the SOA offset and no clock drift condition. 
 

 
Fig.9:  No drift condition at SOA offSet configuration-Graph 
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Quantiles of the response times with random drift configuration:  
Zero Offset configurations:  
     The figure10 shows the graph plot for the condition of the Zero offset with Random drifts condition. 
 

 
Fig.10:  Random Drift condition at zero offset configuration-Graph 
 
Dissimilar Offset Assignment (DOA): 
     The figure 11 shows the simulation output and the graph plot for the condition of the DOA offset and 
random drift condition. 

Offset configurations like Zero, DOA, SOA as shown in the table 1 below and the response time received is 
shown, for the No drift configurations, the time is elapsed to Q3 in which the maximum is 2.3ms in Zero offset 
configurations. The frame response for these three offset configurations is calculated again for the Random drift 
status the obtained response time is shown in the table. 

 
Fig.11:  Random Drift condition at DOA offset configuration-Graph 
 
Similar Offset Assignment (SOA): 

The figure 12 and 13 shows the simulation output and the graph plot for the condition of the SOA offset and 
random drift condition. 
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Fig.12:  Random Drift condition at SOA offset configuration-Sim 

 
 

Fig. 13:  Random Drift condition at SOA offset configuration-Graph 
 
Table 1:  Statistics of the response times obtained by simulation with RTaW-Sim 

 
Conclusion: 

A simulation result for the CAN frames for various clock drift conditions at various offset configurations is 
presented in this paper. The paper described the quantiles of the response times with no drift and random drift 
configuration based performance evaluation by simulation as a practical alternative to schedulability analysis for 
automotive system and estimated how the quantiles can be used in the timing analysis process and how to 
determine the offset configuration and corresponding statistics response time, that is worst case response time 
(WCRT). The frame response time for different time situations is established using the simulation software 

Drift 
Status 

Offset 
Config 

Frame 
Name 

Min 
(ms) 

Avg 
(ms) 

Q2 
(ms) 

Q3 
(ms) 

Q4 
(ms) 

Max 
(ms) 

No Drift Zero Frame37 1.268 1.482 2.336 2.336    - 2.336 
No Drift DOA Frame37 0.424 0.465 0.630 0.630    - 0.630 
No Drift SOA Frame37 0.236 0.236 0.236 0.236    - 0.236 
Random 
Drift 

Zero Frame37 5.072 5.926 9.344 9.344 9.344 9.344 

Random 
Drift 

DOA Frame37 0.424 0.465 0.630 0.630 0.630 0.630 

Random 
Drift 

SOA Frame37 0.236 0.236 0.236 0.236 0.236 0.236 
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RTaW-Sim. The experiments have shown that clock drifts may have an impact on the frame response time 
distributions when their values are far from realistic parameters. This says that, by assuming realistic clock drifts 
values, the behavior of a CAN network can be obtained. Additionally, other experiments have shown that higher 
clock drifts help to stabilize the statistics faster which means it may reduce the simulation times to obtain long-
term CAN frame response time distributions.  

 The control loop is highly sensitive for the timing problems such as slow sampling rates, jitter, delay etc. 
Jitterbug is an analysis tool which is used to rectify it. Thus TrueTime is a simulation tool which is used to 
proceed with more complex system with wide real-time and control design. The simulation tools Jitterbug have 
been used to manipulate the performance criterion under various timing conditions for a linear control system. 

The various discrete time and continuous time linear systems have been described by this control system. The 
stochastic timing models with some random delays have used to describe the execution of a system. 
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