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Abstract 

 

A modern Scania vehicle has a large number of Electronic Control Units (ECUs) 

that communicates via CAN in a distributed real time embedded system 

environment. The magnitude, complexity and modular nature of the system 

produce a challenge to design and optimize. Investigated in this thesis is the 

powertrain system which consists of five ECUs and one CAN bus, which has a 

very high communication load. 

The hypothesis is that centralization can simplify the system and concentrate all 

information on a single point creating a Centralized Database. The goal of this 

master thesis is to investigate the value and cost of a centralized database 

concept, by focusing on five research questions.  

Investigating the options in scope, the Coordinator seems to be the best 

candidate since it already has a centric role in the system. By introducing a 

centralized database in the system the communication model can change to a 

simpler model that the COO is subscribed to all ECUs and all ECUs are 

subscribed to the COO. An ECU Database is needed to include all information 

on all ECUs and the optimization parameters in order to create and select profiles 

that designate the communication parameters for the ECUs in the network. That 

means that all messages should be included in the centralized database since the 

communication model requires all communication to go through the COO. Hence 

the packing of the signals can change to benefit the message payload utilization 

which now is low in many of the messages. Additional process at the centralized 

database can evaluate and derive the best values to transmit to the ECUs. 

Such an implementation will raise the bus load due to the extra messages and 

transmissions that are required as well as extents the message transmission time 

due to the extra process time at the centralized database. 

Simulations using the SCANLA software, which calculates the worst case 

response times, were performed on the original design given by Scania under 500 

kb/s CAN bus bandwidth. The results showed that the bus load was up to 90%. 

Then including the extra messages and transmissions that would result from 

introducing a Centralized database, the bus load was above 100% thus the 

simulation failed. This proves that such an implementation is not feasible under 

these parameters. Raising the CAN bus bandwidth, the following simulations 

were under 750 kb/s and 1 Mb/s that resulted at 90% and 67% CAN bus load 

respectively, including all extra messages and transmissions, which proves more 

promising for such an implementation.   

  



 
 
 

  



 
 
 

Abstract 

I ett modernt Scania fordon finns ett stort antal ECU:er, vilka kommunicerar 

med varandra via CAN nätverk i en distribuerad realtidsmiljö. Magnitud, 

komplexitet och modularitet skapar tillsammans en utmaning för både design 

och optimizering. Det här arbetet undersöker drivlinan i ett fordon, som i 

sammanhanget består av fem ECU:er och ett hårt belastat CAN nätverk. 

Hypotesen är att en centralisering kan förenkla systemet genom att koncentrera 

all information i en Centraliserad Databas, och målet med arbetet är att 

undersöka värdet och kostnaden av konceptet genom att fokusera på fem 

huvudfrågor. 

Utredning av möjliga lösningar inom projektets omfång visar på att kordinatorn 

verkar vara den bästa kandidaten, eftersom den redan har en central roll i 

systemet. Genom att introducera en centraliserad databas i systemet så kan 

kommunikationsmodellen ändras till en enklare modell där koordinatornn är 

prenumerant till alla ECU:er och alla ECU:er är i sin tur prenumeranter till 

koordinatorn. En ECU databas behövs för att lagra all information från alla 

ECU:er och optimerings parametrar, med målet att skapa och välja profiler vilka 

designierar kommunikations parametrar till ECU:erna i nätverket. Det innebär 

att alla meddelanden borde vara inkluderade i den centraliserade databasen 

eftersom kommunikationsmodellen kräver att all information går genom 

koordinatorn. Således kan paketeringen av signalerna ändras för att förbättra 

meddelandets nyttolast, vilket också visas i denna avhandling. Extra 

funktionalitet i den centraliserade databasen kan evaluera och beräkna de bästa 

värdena att sända till ECU:erna. 

En sådan implementation höjer nätverkets last med tanke på de extra 

meddelanden och sändningar som behövs, och skapar även en viss fördröjning 

på grund av de beräkningar som genomförs i den centraliserade databasen. 

Simuleringar i mjukvaran SCANLA, vilken beräknar svarstider för extremfall, 

har genomförts på det befintliga SCANIA systemet med ett CAN nätverk med 

bandbredden 500 kb/s. Resultaten visar att nätverkets last var upp till 90%. 

Inkluderas de extra meddelandena samt sändningar, vilka härlets genom 

implementationen av en centraliserad databas, så uppgår nätverkets last till 

100% och simuleringen misslyckas. Detta visar på att en implementation av den 

här typen inte är möjlig under givna förutsättningar. Om nätverkets bandbredd 

höjs till 750 kb/s och 1 Mb/s så visar simuleringar resultaten 90% respektive 

67%, vilka tyder på en fördel för den centraliserade databas lösningen.   

 

  



 
 
 

  



 
 
 

Nomenclature 

CDB : Centralized Database 

CAN : Controller Area Network 

DBMS : Database Management System 

CANiD : Controller Area Network identification number 

WCRT : Worst Case Response Time 

ECU : Electronic Control Unit 

PGN : Parameter Group Number  

COO : Coordinator 

EBS: Electronic Braking System 

EMS: Engine Management System 

TMS: Transmission Management System 

ICL: Instrument Cluster  

Node : Group of related functions allocated in one physical ECU  

J1939 : Heavy vehicle standard for communication over CAN bus.  

Latency : Time remaining (which need to be used) to finish a message 

execution after its deadline   
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Introduction 

 

1.1 Background 

Every year, technology advancements are achieved with new ideas and 

breakthroughs. With the help of the constantly evolving modern 

technology, all industries strive towards setting new goals and surpass 

current limits, aiming at a better quality of life, new innovations and 

refinements of the existing technology levels to elevate them onto new 

standards. 

New regulations are introduced frequently. These regulations can add new 

requirements and restrictions that the industries have to implement and 

apply. Thus, new challenges on product design, development and 

optimization are generated constantly. 

Scania CV AB is one of the most significant companies in the heavy 

automobile industry. It is located primarily in Södertälje, Sweden with a 

worldwide presence in over 100 countries. One of Scania’s core strategies 

in product development is a high degree of customization where product 

design is made to best satisfy the individual client's requirements. (Sun, 

2014, p. 4) 

 

 

 

Figure 1: Scania products (Scania Catalogue) 
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Due to the Scania modular system (figures 20 and 21), the subsystems 

have to be compatible and designed to function in different configurations. 

There are many different system configurations and variations. The design 

and optimization is done manually, which adds to the magnitude and 

complexity of the system. 

 

 

Figure 2: Scania Modularity, from official presentation “Findability Day Copenhagen 2014” 

 

 

 

Figure 3: Scania Modularity, from official presentation “Findability Day Copenhagen 2014” 

  



3 | P a g e  
 

1.2 Problem statement and hypothesis  

The electrical system on a modern Scania vehicle includes a large number 

of Electronic Control Units(ECUs) interconnected in a complex network, 

that can process and store the data which are being generated by the 

environment (via sensors), human interaction (via the system interface) 

as well as by the system itself.   

Each ECU has a set of specific tasks. To perform these tasks, data are 

needed (like the speed of the vehicle or Fuel consumption) which are 

generated or received by other components. Each ECU has an individual 

data storage, to store that data.  

The system is a distributed design and the way data is being stored 

characterizes the system as a “Distributed database system”. Thus not all 

data are stored in one place, but they are distributed in different 

components, with the ability to communicate with each other through the 

network. Since each subsystem has a tendency to create its own data pool, 

it can potentially lead to repeated acquisition and maintenance of the 

same or similar data within each subsystem, which leads to redundancy 

and inefficiency. 

There are thousands of signals in a vehicle’ s electrical system, being 

transmitted between over 70 ECUs and each signal transmission has to be 

predefined and optimized manually, taking account each function 

individually as well as the impact it has to the system as a whole. Adding 

the modularity factor with many different component configurations, the 

complexity of the system rises even more.  

 

 

Figure 4: ECUs in a Truck (Bartish, 2011, p. 4) 
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According to Crawley (Kinnunen, 2006, p. 46) a complex system is defined 

as having many interrelated, interconnected or interwoven elements and 

interfaces, which requires a lot of information to define and specify. He 

also characterizes complexity as a quantifiable and absolute attribute of 

the system. The comprehension skill limitations of the observer define the 

upper limit of the acceptable system complexity. In general, the simpler a 

system is, the easier it is to design, implement and maintain. (Kinnunen, 

2006, p. 46) But simplicity is often being sacrificed for more features and 

functions. Improvements and new additions every day are pushing the 

limits further. The additional resource requirements can often be satisfied 

with hardware upgrades. But that is not the case with the complexity 

problem that accumulates over time. (Lam & Kuo, 2002, p. 11) 

One other architectural design is the “Centralized database system”, where 

the largest amount of data is gathered, maintained and stored at a single 

location in the system. A centralized database can provide multiple 

simultaneous access to all connected subsystems that require and process 

the stored data. A standardization of communication interfaces between 

ECUs, by using a centralized database, could potentially reduce the 

complexity level, up to a degree.     

Hence the Research hypothesis: 

“A centralized database concept can be implemented on the electrical 
system of a vehicle, which provides a single source of information as a 
centralized data pool, for negating the overgrowing complexity of a 

vehicle’ s electrical system”.  

This thesis work is exploring a Centralized Database concept and includes 

an investigation on the performance of the system. Meaning that this 

investigation evaluates the effects of a Cdb implementation in terms of 

CAN-Bus load, communication deadline requirements and other potential 

benefits and drawbacks.  

The result will conclude with simulations of the worst case scenario 

regarding the communication between five specific ECUs, and comparing 

the ones which use a Cdb against the original design. 
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1.3 Research Questions 

This thesis will focus on a number of research questions towards a 

Centralized database concept. Parts of the investigation will be the 

concept design and its impact to the system, in terms of bandwidth load 

and communication timing deadlines. 

1. Where a Cdb should be implemented in the electrical system? 

The location of the CDB in the system is important due to the modular 

mind-set that customizes the Electronic system according to customers’ 
requirements. There are many different configurations and variations that 

make compatibility and scalability important attributes to consider. 

2. Which signals should be included in the Cdb? 

An analysis on which signals should be included or excluded from the 

centralized database based on their attributes such as frequency, timing 

constraints, the publishers - subscribers and the nature of their function. 

3. How can a Cdb implementation provide new signal packing options? 

Before signals are transmitted in the network, they are packed into 

messages by the ECUs where they are stored and transmitted by. The 

amount of data that every message carries can also be called payload. The 

factors in place for the packing process include the signal attributes (size, 

frequency, and destination) as well as the availability of the signals to 

each ECU. There are many messages that are not fully utilized in size 

(low payload utilization). An alternative packing strategy could provide a 

more efficient packing towards more efficient message payload utilization. 

4. How could a Cdb be used to separate the publishers and subscribers? 

Most communication is done by ECUs (Publishers) that broadcast the 

messages to the CAN, and the ECUs (Subscribers) that need that 

information, then accept those transmissions. So there are ECUs that are 

subscribed to receive transmissions from specific ECUs, the publishers. 

Therefore, each different ECU configuration requires a detailed 

communication design, considering where the signals are being generated 

and stored, how they get packed in messages, which ECU transmits and 

what messages each ECU will accept and receive. Thus every attribute in 

the system is predesigned, optimized and strictly “fixed” in order to operate 

under specifications.  

This adds to the complexity of the system, the development and 

optimization time cost. Therefore, it is important to investigate on 

whether a Cdb can be used, to separate the subscriber from the publisher 

in terms of communication design and reduce the complexity of the 

system.   

5. Other benefits and drawbacks? 

Other potential benefits and drawbacks will be investigated and evaluated. 
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1.4 Delimitations 

Due to the complexity and magnitude of Scania’s Electronic System, a 

detailed investigation on all ECUs and signals is not feasible in the 

available timeframe. As a result, this study will focus on the Power-train 

subsystem (a part of Scania’s Electrical System) including five ECUs and 

one CAN bus, as well as the communication between only the selected five 

ECUs. 

The selection of those specific ECUs is based on their critical operation 

and importance, their presence in most of the vehicle configurations, and 

due to their very high amount of traffic and bandwidth load. 

The attributes of the signals included in this thesis are inherited by the 

messages that are currently packed in. The signal frequency, priority, 

source and destination are considered to be the same as the message that 

contains them. 

The goal of the thesis is a preliminary concept evaluation to investigate 

the potential value of such a concept as well as the cost in terms of 

communication bus load and response times.  

Based on the theoretical nature of the investigation, hardware details, 

specifications and operational parameters of the ECUs are not available.  

Furthermore, an actual implementation of the database is not a part of 

the thesis.    

 

1.5 Process and Methodology  

Literature study 

The first step was literature study, which was obtained through the library 

of the Royal Institute of Technology (KTH) and internal Scania 

documentation. The fields of interest for research were: 

 Database technology 

 Real time embedded systems in the vehicular industry 

 CAN communication 

 Signal packing strategies 

 System architecture 

 The importance of complexity in design, development and optimization 

 Scania electrical system 

 

  



7 | P a g e  
 

Introduction to Scania software and tools 

The second step was a short introduction to Sesamm Tool and Scanla by 

Scania engineers. Both are software applications that were developed in 

Scania. Sesamm tool provides an interface and access to the Scania’s 
electrical system database. Scanla (Hayani, 2012) is used to simulate the 

worst case scenario CAN communication in Scania’s electrical system.  

Scania system analysis 

Following was a system analysis of the electrical system in terms of 

physical topology and architecture, which provided information relative 

to the first research question, “where the Cdb should be implemented?” 

Case study 

Five ECUs were chosen in the powertrain subsystem in a specific ECU 

configuration provided by Scania. Sesamm tool was used to get 

information and further analysis of the signals and messages between the 

selected five ECUs with their attributes and parameters, in order to define 

the scope of the case study.  

A list of messages was created to be investigated and include in the 

following simulations. Those messages were the communication that was 

transmitted and received by the selected five ECUs. 

Centralized database concept design  

This was a preliminary concept design of a Cdb in the system, in terms of 

topology, main functionalities and investigation of potential benefits and 

drawbacks. This was the first step which will be followed by further 

simulations. Furthermore, there was an investigation towards a concept 

model of a standardized interface, centralized communication and 

additional signal packing options to address the low message payload 

utilization issue.  

Simulations 

The simulations were performed via the “Scanla” software. The first 

simulation was a worst case scenario calculation of the communication 

between the selected five ECUs, with the messages in their default 

parameters. The results provided a default performance baseline which 

further simulations were compared with.  

To simulate communication using a Cdb, the communication parameters 

changed so all ECU transmissions were received only by the Cdb, as well 

as all ECUs were listening only to the Cdb. New messages were created 

to simulate that type of communication and the simulations were 

performed in different communication bus bandwidths as well, to evaluate 

the cost in terms of bus load. 

The results from the simulations were in form of a table with the response times 

of each message, latencies and bus load, as well as relative plots of each 

simulation presenting the messages and their success or failure states of 

transmission, regarding their respective deadlines. 
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Theory 

 

2.1 Complexity 

Complexity is an important factor when trying to describe, define, analyse 

and optimize a system. Therefore complexity has a direct effect on the 

development and manufacturing costs as well as on the production time 

to the market. (Pop, P. & Eles, P. & Peng, Z., 2006, p. 131) 

Standardization guidelines and restrictions also exist between 

manufacturers to ensure a certain level of compatibility and mainstream 

development process. ISO26262 includes requirements and guidelines that 

focus on the functional safety of the electrical and electronic systems of 

the vehicle, aiming to protect people from injuries caused by system 

malfunctions (Sun, 2014, p. 2). System operation testing is impossible to 

be done on all configurations available due to the large amount of different 

configurations and system variations. Therefore the process of meeting the 

ISO26262 requirements is a big challenge, due to the complexity and 

inability to fully test all system configurations.  

In (Kinnunen, 2006), Retchin states that “The more complex a system, 

the more difficult to design, build and use” and Meyer expands on 

“Reducing complexity almost always reduces direct and indirect costs”. In 

Crawley’s efforts to measure the complexity of a system, the number of 

interfaces in a system, their type and complexity are considered important 

factors. A few relative properties linked to the interface complexity are 

the distance, volume of interchange, quality and reliability requirements, 

the level of reuse, concurrency and also standardization. As shown on 

figure 23, Crawley distinguishes between essential, perceived and actual 

complexity, and states the importance of keeping the perceived complexity 

below the level of comprehension, and the actual close to the essential 

complexity. Essential complexity is the minimum complexity amount 

needed to deliver the required functionality. Perceived complexity is the 

one that an observer perceives from a model of a certain abstraction level. 

Actual is the actual complexity of the system. (Kinnunen, 2006, p. 47) 
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Figure 5: Evolution of actual and perceived complexity through the product development process 

(Kinnunen, 2006, p. 28) 
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2.2 Real time embedded systems 

Embedded Systems include microprocessors with the respective software 

and hardware. They differ in many ways from a standard computer system 

because they are being developed to execute very specific tasks, with 

limited resources (software and hardware) and also limited, to perhaps no 

direct human interaction at all. In contrast a common computer system 

has a more generalized purpose and multiple functions usually with vast 

and upgradable resources and direct human interaction. Thus the nature 

of the Embedded Systems demands for clear and detailed specifications 

and requirements under the development process. (Jiang & Yang, 2010, 

p. 204) (Gabry, 2014, p. 10) 

Embedded systems perform only specific tasks by design. Their functions 

are very constrained. They should react to environmental input, compute 

and produce the results meeting the timing constraints. Missing a deadline 

could mean a system failure if the delayed function is very critical, or in 

the case that the delayed function is not critical, degrade the system’s 

quality of operation. Systems with critical functions are called “hard real 

time systems”, while those with non-critical functions “soft real time 

systems”. (Oshana, R., 2013, p. 12) (Hjertsröm, 2012, pp. 7, 8) 

 

2.3 Database Technology 

Modern technology has grown considerably and it is getting more 

sophisticated and complex every day. Microchips and micro controllers are 

in almost every device, providing various features and functionalities, 

which produce a large amount of information. A great solution to this is 

to use a Database table, to be able to handle all that information, in a 

structured and most efficient way possible. A database is essentially a list 

of data structured under certain specifications, depending on what is 

included and how that data are going to be used. Databases are also used 

to facilitate and provide an environment for a more efficient search and 

use of the data included (a list of names in alphabetical order or relational 

hierarchy). In engineering applications, more advanced data operations 

are required to be performed, due to the advanced complexity and 

functionalities of the system. A Database system usually includes the 

database where the data is stored, along with the Data Model (data type 

and relationship definitions). The Database Management System 
(DBMS), which is a software layer between the data and the users that 

through various software applications, compatible with the DBMS, 

provides access to the users and process the data in the database. (Tisell, 

2000, pp. 21, 22)  
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The Database system can provide a number of useful functions other than 

the modelled data storage, access and data process. Organized, multiuser 

operations with authorization control, data integrity and concurrency 

control as well as backup and recovery safety functions. The Database 

functions are usually based on transactions. A transaction is a series of 

data reads, calculations/processes and writes in order to produce the 

desired result. The transaction types can be Read-only, write-only and 

update. (Lindström, 2008) 

 

2.3.1 Real time database 

A real time database inherits the nature and restrictions from the real 

time system that is implemented in. The transactions have deadlines and 

timing constraints that must be met according to the system’s design. The 

Real time database’s quality of performance depends on how many of the 

transactions have met, have been delayed or totally missed their respective 

deadlines.  

Additionally, the transactions are using dynamic data which are updated 

and changed continuously, instead of a static or permanent data that most 

of the traditional databases use. Since the data is dynamic and changing, 

a consistency factor can be an issue and the correctness of the results 

depends on the quality of the data that is used. This leads to the concept 

of temporal consistency, which is directly linked with the ability of the 

system to perform within the predesigned requirements. That includes the 

successful communication of data between the subsystems, within the time 

constraints and deadlines.  

The temporal consistency has two components. Those are Absolute 
consistency and Relative consistency. 

Absolute consistency is the validity of the data between absolute points 

in time, meaning that the data must be consistent with the environment 

they are being produced by.  

Relative consistency is the validity amongst the data from which the 

system derives new data, meaning that the data must be consistent with 

each other, in order to produce correct results. (Lindström, 2008, p. 5) 
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Transactions in a real time database have a number of additional 
attributes (B. Kao and H. Garcia-Molina., 1995, pp. 463-486) 

(Lindström, 2008, pp. 7, 8 ,9). 
 

 Timing constraints: Specific deadlines on each transaction that must 

be met.  

 Criticalness: How critical it is for the transaction to meet the 

deadline. 

 Value function: How valuable it is to complete the transaction after it 

arrives. 

 Resource requirements: Number of I/O operations, memory and cpu 

usage etc. 

 Expected execution time: Estimated of experimentally calculated 

worst case execution time. 

 Data requirements: Read and write transaction sets. 

 Periodicity: Defines the period if a transaction is cyclic. 

 Time of occurrence of events: When a transaction issues a read or 

write request 

 Other semantics: Transaction type like read-only, write-only etc. 

Furthermore, based on those attributes, (Kim Young K., Sang H., 1995, 
pp. 509-531) a real time transaction can be characterized as: 
 

 Impact of missing deadline: Hard, soft etc. 

 Arrival pattern: Cyclic, non-cyclic (when active, event triggered) or 

sporadic. 

 Data access pattern: Predefined (read-only, write-only or update) or 

random. 

 Data requirement: Known or unknown. 

 Runtime requirement: i.e. pure processor or data access time: known 
or unknown 

 Accessed data type: continuous, discrete or both. 
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2.3.2 Centralized and distributed architecture  
 

As mentioned before there are different architectural database designs. 

Scania’s communication layer in the electrical system is a distributed 

database system. That means that all data of the system are fragmented 

into many different data-pools on each component.  That data is being 

transmitted between components in order to perform the necessary 

functions accordingly. This is consistent with Scania’s modular nature. 

Every component has its own data-pool, and it is being optimized 

specifically when it becomes a part in a configuration.  

 

 

Figure 6: Distributed Database Architecture 

 

Characteristics of a distributed database design are the sharing of data, 

the autonomy and availability of data between the components, meaning 

that while the components share the data, each component may have a 

certain degree of control over the data which is stored locally. In case there 

is a failure on one component, the rest of the system may be able to 

continue its functionality. The disadvantages come in terms of increased 

complexity which affects the software development cost, makes it difficult 

to test hence more prone to bugs, and it requires an increased processing 

overhead. (Silberschatz, et al., 2011) 
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Another architectural design is the Centralized Database system. In this 

design there is a main central data pool in which all components have 

access to, in order to acquire the necessary data required to perform 

their functions. The components do not sent the data directly to the 

destination components, but only to the centralized components acting 

as a database, which is being constantly updated. This architecture can 

also be characterized as star topology.  

Unlike having multiple databases distributed on different components, a 

single centralized database is easier to design, manage and maintain due 

to the reduced complexity. Having a single source of data also eliminates 

redundancy, since the system will use the data available in the centralized 

database. 

Since most information is stored and managed on one component, there 

will be an additional processing overhead on the said component. If there 

are not enough resources in order to meet the needs of the full process 

overhead, hardware upgrades would be required.  

Furthermore, data integrity is also important, as well as the update 

frequency of the data in the database should be fast enough in order to 

keep the data valid, under the real time constrains of the system. The risk 

and consequences of a system failure or invalid data are higher, because 

in a case that there is a malfunction on the centralized component, it could 

lead in total system failure. 

 

 

Figure 7: Centralized Database Architecture  
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2.4 Electrical Communication network 
 

2.4.1 Controller Area Network (CAN) bus  
 

Controller area network bus1 or “CAN bus” is a message based, serial 

communication bus protocol most commonly used in the vehicle industry. 

It was developed in 1983 by Robert Bosch GmbH and today is widely used 

in vehicles, providing communication between ECUs at various speed 

ranges up to 1Mbps, although due to limitations and depending on 

distance between the nodes most common speed for high priority 

subsystems is at 500kbps. 

 

Data transmissions are achieved by using a bit type arbitration. All 

synchronized nodes in the network must take the arbitration to transmit. 

That is based on deterministic design and priorities, with a basic 

philosophy that a transmission with a dominant logical bit “0” takes 

priority over a recessive “1”. 
 

CAN is popular because it has low implementation cost and can easily 

include a large number of nodes without using hubs or special software. It 

provides deterministic broadcasted communication to multiple 

destinations in the network, which is very reliable and robust, with error 

detection and correction. A common problem with CAN bus is the high 

bus load due to the rising amount of communication in modern vehicles. 

Maximum bus load utilization should be around 80% on a standard 

operation phase (while driving the vehicle) in order to have enough bus 

load available for other message types like error messages, diagnostic 

messages etc. (Hayani, 2012, pp. 6, 13) 

 

Both hardware and software are divided in several layers, according to 

CAN communication protocols. Application layer (data structures that 

the application uses), object layer (handling the message communication), 

transport layer (responsible for the arbitration, error detection and 

signalling) and the physical layer (physical components of the network). 

(BOSCH, 1991) 

 

 

Figure 8: Typical CAN Network (Hayani, 2012, p. 5) 

                                                           
1 For more detailed information on CAN, see to Robert Bosch Gmbh, Bosch Automotive Electrics and Automotive Electronics page 

92. Springer Publication  
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2.4.2 CAN Signal  
 

There can be thousands of signals in a modern vehicle, carrying 

information necessary for the system’s operation. Every signal has a 

specific role and functions within well-defined timing deadlines which are 

important for the quality of the system’s operation. The signal’ s data size 

(in bits) depends on the amount of information that it carries. Although 

CAN signals are the ones that carry the data, they are not being 

transmitted individually, but they get packed in groups, forming a frame 

(message). Other important signal attributes are the transmission type; 

cyclic or time-triggered (transmitted periodically with a specific 

frequency), when active (activated under certain conditions), and on 

demand (event-triggered). The frequency of transmission can vary from 

10ms up to 5000ms which also reflects the timing deadlines under which 

the signal has to be received by the ECU that requires it. (BOSCH, 1991) 

 

2.4.3 CAN Message (Data frame J1939-21) 
 

In a controller area network (CAN), every message is predesigned to 

contain a specific number of signals, which is then transmitted between 

the ECUs. Besides the data information from the signals (payload), they 

contain information necessary for the communication itself. Every message 

has a unique identification code, (message-id or CAN-id) which contains 

information on what priority the message has on the network, the data 

content and type of the message, the data it carries (signals packed up to 

maximum size of 8 bytes), as well as the source of the transmission and 

in some rare cases the destination, if the transmission is peer-to-peer 

instead of a broadcast. 

 

The CAN-id is written in a hex format, e.g. CFEECBA. “C” defines the 

priority which here is 3. “FEEC” is the PGN number which describes the 

name or information type of the message. Finally “BA” designates the 

source or publisher node of the message transmission. 

 

Every message has also a set of attributes which are derived by the 

attributes of the signals they contain (priority, frequency, deadline etc.). 

In the Scania system, even though a base message can carry up to 8 bytes 

of data, in many cases that size is not fully utilized. There are many 

messages with low payload utilization which is considered to be non-

efficient. (Hayani, 2012) (BOSCH, 1991) 
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Figure 9: CAN Extended Frame (Bartish, 2011, p. 18) 

 

Figure 10: CAN Standard Frame (Nolte, T., Hansson, H., Nolis, M., Punnekkat, S., 2008. Automotive 

Embedded Systems Handbook, Chapter 13.2) 
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2.4.4 Signal Packing 
 

The signals are packed in messages according to specifications set by the 

system owners (the engineers responsible for each subsystem function and 

ECU). The signal packing is performed at the ECU that has the signal in 

its data pool. When packing is complete the message is transmitted 

according to the CAN standards to the bus, and the ECU that needs the 

specific message is accepting the transmission, unpacks the message and 

gets the signals that are required. The logic behind the packing, 

transmission and reception is in the software layer on each ECU. That 

logic defines the way signals are packed in a message, as well as the 

message transmissions and receptions by the ECUs. All this optimization 

is being done manually for every signal and message, for all ECUs and 

every different ECU configuration. 

 

  

 

Figure 11: Signal packing example in ECU Communication 

 

  



19 | P a g e  
 

2.4.5 Publish / Subscribe communication 
 

The Publish/Subscribe communication does not use specific destination 

address information, but is based on “interest”. The Subscribers are 

subscribed and accept only the communication that contains information 

they need. (Mickaël R., Alain P., Fabien G., 2013. p. 2) 

 

The most popular subscription models are “Topic based”, “Content based” 

and “Type Based” and three architectural models, “Multicast”, 

“Application level” and “Peer to Peer”. (Virgillito A., 2003. pp 12-18) 

 

In Topic based model the subscribers are subscribed to messages by 

specifying a certain topic/name. For example, all messages with a name 

“Temperature”. In Content based model the subscribers are subscribed to 

messages based on their information. For example messages that contain 

“Pressure” values higher than 21. In Type based model the subscriptions 

can derive from object oriented programming that can combine principles 

from Topic and Content based. (Mickaël R., Alain P., Fabien G., 2013. p. 

2) (Virgillito A., 2003. pp 12-18) 

 

 

The communication in Scania’s electrical system is a Publish/Subscribe 

broadcast type, with a few exceptions that are peer to peer messages.  

 

Each ECU is a “Publisher” and a “Subscriber” of messages. 

 

An ECU as a Publisher, broadcasts messages on the CAN bus that is 

connected to. Those messages reaches all ECUs on the bus, although they 

are only accepted by the ECU that is subscribed to each respective 

message.  

 

An ECU as a Subscriber, is programmed to accept only the messages that 

it is subscribed to, through “filtering”. 

 

Every message has a unique Can id. And the ECUs are subscribed to 

specific CAN ids, in order to accept them.  

 

Filtering is the process that separates the messages that will be accepted 

from those that will not.  

 

When a message reaches an ECU, the message CAN id is compared 

against a subscription list. Only if the Can id of the message matches a 

CAN id in the subscription list, the message is accepted. 
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2.4.6 Electronic Control Unit 
 

The Electronic control unit (ECU) is an electronic component very 

common in embedded systems. It includes a microcontroller, limited size 

memory and the necessary input-output interfaces to connect with the 

network and communicate with other ECUs or electrical devices like 

sensors and actuators. A modern vehicle can have over 70 ECUs, although 

only 30 ECUs can be active simultaneously on the same bus. [SAE 

J1939/11 Physical Layer] Each ECU is designed with specific functions 

that controls different parts of the vehicle and serves different purposes. 

It is common though, those different ECUs may use similar signals/data, 

required to perform their functions. (Internal Scania Documentation) 

(BOSCH, 1991) (Sadeghi, 2013, p. 19) 

 

 

 

 

Figure 12: Electronic Control Unit 
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2.5 Scanla and Sesamm tool 

 

Scanla is a software tool developed to calculate a worst case 

communication CAN bus-load scenario. All available messages are trying 

to be transmitted at the same time. Although this is a worst case scenario 

which doesn’t happen in reality, if the results are within operational limits, 

it secures and validates the normal operational performance which will 

certainly be lower. (Hayani, 2012) 

It uses a database file for all message communication related information. 

On more file has to be manually created as secondary input, which defines 

which messages are going to be simulated and from which ECU they are 

going to be transmitted. 

A few options are available like communication bus speed and simulation 

modes (continuous or stop) depending on whether customized user input 

is required on the priority and CANiD of the messages, which differs or 

missing from the data in the database file. 

Scanla can export results with the response timings and message 

transmissions. 

 

Sesamm tool (Sadeghi, 2013, p. 19) is a data management interface tool, 

which provides access in the Scania electrical system database. Relative 

to this thesis is the information regarding CAN messages with their 

attributes, like transmission and receiving conditions, CANiDs, 

frequencies, bus segments, priorities, publishers, subscribers and packed 

signals. (Scania internal documentation)   
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Investigation and analysis 

 

3.1 The Scania electrical System 

The Scania electronic system includes a number of ECUs interconnected 

via a number of CAN buses, which are depicted by different colours, for 

example Red, Yellow and Green. The colours represent the function 

criticality and importance of the connected subsystems, with Red 

including the most critical functions, yellow for semi-critical and green for 

secondary systems. Along with the criticality and importance of the 

subsystems, different operation parameters apply, timing constraints and 

priorities. (Scania internal documentation) (Hayani, 2012, p. 7 8) 

Although not all ECUs are connected to the same CAN bus, they can still 

communicate by having other ECUs relay the communication to different 

CAN buses that they have access to. This relay communication function 

is achieved by two different ways, “Bridging” and “Gateway”. When an 

ECU is acting as a “Bridge” it relays the communications unaltered, 

whereas in “Gateway” function2, the communication is undergoing some 

processing before re-transmitting on the CAN bus. (Internal Scania 

Documentation) 

In Scania’s system, the ECU called “Coordinator” serves as a bridge and 

gateway due to direct access to all main CAN buses on the network. 

This study is focused on four ECUs which are connected on the Red bus 

(COO, EBS, EMS, TMS) and one ECU which is connected on the yellow 

bus (ICL) but only the communication that is transmitted into the red 

bus will be included. 

                                                           
2 “Bridge” describes the function where an ECU relays a message frame, from one bus to 
another without additional process. 
“Gateway describes the function where an ECU receives a message frame from one bus, 
processes the data and then sends the information to the other bus. It can be a new message 
with a different CAN-id. In some situations only a few signals from the original message could 
be relayed. Both function processes have been evaluated by Scania to take 10 to 15ms   
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Figure 13: ECU Physical configuration in CAN 

 

 Coordinator (COO): The COO stores the configuration data of the 

electric system and also acts as central hub for signals between different 

busses. It is also repackages signals in messages and/or relays 

communication to different busses. Furthermore it centralizes all 

distributed functionality that does not belong to other ECUs and 

provides a HMI (Human-Machine-Interface) for the power-train and 

chassis systems. It is connected with all main CAN buses. One CAN 

bus is of interest; the Red bus which includes the very critical functions 

and operates under Hard-timing constraints. 

 Electronic Brake System (EBS): EBS is responsible for all brake related 

functions in the vehicle, controlling all wheels, from brake pressure to 

more advanced braking systems like ABS. 

 Engine Management System Diesel cycle Engine (EMS): EMS is 

responsible for various Engine related functions. 

 Transmission Management System (TMS): TMS is responsible for 

Gearbox related functions, manual and automatic with various modes 

including Opticruise, Comfort shift and retarder. 

 Instrument Cluster System (ICL): The ICL’s main purpose is to present 

information to the driver on the instrument panel. It is connected to 

the Yellow bus, under soft-timing constraints, and communicates with 

the other four ECUs on the Red Bus through the COO. 
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3.2 Database architectural design in Scania’s 

electrical system 

 
3.2.1 Centralizing the ECU communication 

To centralize the communication, a centralized database connected to an 

ECU, will concentrate all communication and data of the powertrain 

subsystem at a single point, one ECU. 

Since all communication should be going through the centralized database, 

the general rule is that the ECU with the centralized database will be 

listening to all ECU transmissions on the red bus, and all ECUs will be 

listening to the ECU with the centralized database.  

The communication can be processed at the centralized database which 

could have a number of benefits but also drawbacks.  

Further investigation will also focus on whether the centralization of the 

ECU communication can be the first step to centralize the communication 

through a Cdb, as well as the potential for additional data evaluation at 

the centralized database, in order to improve the quality of the 

information. Furthermore, additional signal repacking options can be 

available. 

The impact of this communication concept will be evaluated by running 

simulations in terms of communication bus load and transmission response 

times. 

The physical topology and network architecture of the system will remain 

unchanged. 

  



25 | P a g e  
 

3.2.2 Centralized database architectural design in the network 

The modularity of the system has to be considered since there can be 

numerous different configurations, depending on the ECU customization 

of the vehicle. These configurations can vary in terms of different ECU 

versions or even situations where an ECU could be present or not, 

depending on module functionalities and compatibilities.  

The COO is an ECU that is present in all configurations. As shown in 

Figure 32, the topology it has in the system can be characterized as 

centralized, due to the functionality and access on the network. The COO 

has direct access to all main communication channels and almost all 

ECUs, which can allow ECUs in different channels to communicate with 

each other via the COO. Thus COO can be considered as a good candidate 

for the Cdb. 

To summarize:   

 The COO has a key centralized position in the network 

 The COO has direct access to all main communication buses  

 The COO always exists in any system configuration 

 The COO has functionalities “Gateway” and “Bridging” that can 

benefit the Cdb  

 Considerable amount of traffic goes to and/or through the COO by 

design 

 

 

Figure 14: Cdb topology in ECU physical configuration in CAN 
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3.2.3 Candidate signals for the Centralized Database 

Ideally all signals should be included in the Centralized database. 

Exclusions can be made on specific cases, where there is exclusive 

communication between ECUs that does not vary considerably on 

different configurations. According to Scania, it is being considered to 

implement a dedicated communication bus between two ECUs when there 

is significant communication that exists only between those specific ECUs. 

This would lower the main communication bus load.  

ECU communication 

The transmission of a message between ECUs can be achieved when an 

ECU transmits the information on the bus which is connected and:  

1. If the ECU that needs that information is on the same bus, it listens 

and accepts the transmission.  

2. If the ECU that needs that information is on a different bus, then an 

ECU (or ECUs) that can access both buses, will listen and accept that 

transmission. Then acting as a “Bridge” or “Gateway”, that ECU will 

transmit the information to the bus on which the ECU that needs that 

information is connected to. 

To include a signal in the Cdb, ECU transmissions should be accepted by 

the COO where the Cdb is implemented. Therefore, the ECU 

transmissions that the COO is not listening to, will have to change. The 

COO should be listening to all ECU transmissions, and the ECUs should 

be listening only to the COO transmissions. This will lead to more message 

transmissions and bandwidth consumption. 

Limitations come to the terms of latency, which defines the quality of the 

system’s operation. The available bandwidth of the communication 

channel defines the communication bus load, which is directly affected by 

the frequency and the priority of each message. 

 The bandwidth of the channel defines the communication transmission 

rate. Since there are strict timing deadlines on when a message needs 

to be received by an ECU, extending that time frame can be critical 

and in case the deadlines are not met, the transmission fails. 

 The frequency of the message transmission has a direct impact on the 

load of the communication channel. Including messages with high 

frequency to the Cdb would require considerably more bandwidth. 

 By including high priority messages to the Cdb, more high priority 

messages are being created due to the extra transmissions. That results 

in added latency to all messages with lower priority. Therefore, for 

every high priority message that is being redirected to the Cdb, more 

latency will be added to all the lower priority messages. 
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3.2.4 Impact on the communication network 

Additional messages 

Based on the ECU configuration scenario that was provided by Scania, 

there are 139 messages between the five selected ECUs running on the 

Red bus. The ECUs transmissions that the COO is not listening to are 

48. Those 48 messages have to be subscribed to the COO instead of the 

other ECUs, in order to be included in the Cdb first, and in turn the COO 

will transmit them back on the bus so the ECUs can receive them. This 

change is introducing 48 new messages on the bus (close to 35% more 

messages of the total amount). [Appendix III] 

The table on Appendix III lists actual messages and their payload 

utilization as they are at the moment used by Scania. It shows the number 

of bits that are used, the unused bits and the number of signals each 

message includes. New messages are created using variations of the 

original CAN-ids and creating new ones, which designate the COO as the 

origin of transmission. This is to simulate the extra transmissions from 

the Cdb to the system, due to the communication via the Cdb. 

The table on Appendix III shows that the 48 message frequencies vary 

from 10ms to 5000ms and priorities from 2 to 6 (where 2 is higher priority 

than 6). The majority of the messages have a high frequency and the 

higher the frequency the higher the bus load consumption. 

Listing the 48 messages from Appendix III there are: 

 13 messages with 20ms frequency  

 13 messages with 100ms frequency 

 6 messages with 10ms frequency 

 5 messages with 50ms frequency 

 5 messages with 5000ms frequency 

 4 messages with 1000ms frequency 

 1 message with 250ms frequency 

 1 message with 200ms frequency 
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Additional transmission time 

Using the same parameters that Scania use at the moment3, the theoretical 

communication time between ECUs on the same bus segment, for one 

message of 155bits, on 500kbits/s channel bandwidth, is 155/500= 0,31ms 

(Scania documentation). That is the time it takes from the moment the 

transmitting ECU finishes transmission, until the moment the ECU that 

listens finishes receiving it. 

 

 
Figure 15: Message transmission time through CAN 

That communication will change by the Cdb implementation, in order to 

include the ECU transmissions to the database. The Cdb will be listening 

to the ECUs, which in turn will process the information and transmit back 

to the ECUs. 

This process will, in the best case, double the transmission time, and also 

add 10 to 15ms more due to the process time at the Cdb4. Thus in best 

case scenario, the transmission time will be (0.31 x 2) + 10 = 10.62ms, 

which compare to the initial 0.31ms is a quite significant raise, which can 

be problematic regarding timing constraints. For example, messages with 

10ms frequency and 10ms deadline miss their deadlines by default. 

 

Figure 16: Added transmission time with a Cdb implementation  

                                                           
3 The bus speed is 500kb/s and the message size is 155bits. 
4 Added time 10 to 15 milliseconds as evaluated for the similar Gateway function 
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Relative priority  

When there are a number of messages that try to be transmitted at the 

same time, the priority of each message determines the sequence of 

transmissions to take place. This sequence can be visualized as a list of 

messages that is formed based on each priority. The position of each 

message in this list in relation with the other messages can be called 

Relative priority. The relative priority is decided based on the CAN-id of 

each message. First takes in to account the priority and then the PGN 

number of the message.   

 

 

 

                 

 

 

Figure 17: Message priority, relative priority and added messages 

 

With the additional message transmissions, due to the Cdb 

implementation, each added message will affect all the messages with 

lower relative priority. Thus the higher relative priority an extra message 

has, the more messages will be affected with added delay. 

For example, the COO will be listening for the Messages 2 and 7 (instead 

of the ECUs that require that information) in order to be included in the 

centralized database. Message 2 and 7 are the transmissions from the 

ECUs that the COO is listening. AddedMsg 2 and AddedMsg 7 are the 

transmissions (of their respective messages 2 and 7) from the Cdb to the 

bus that the ECUs will be listening.  

As shown in Figure 35, AddedMsg 2 affects five messages while AddedMsg 

7 affects one. If there are many messages with high relative priority, the 

added latency will be significant, growing as it goes further down the 

sequence list. Hence the relative priority is an important factor to be 

considered.   
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3.2.5 Interface standardization 

For a successful ECU communication, the ECUs are designed to pack the 

signals into messages under certain specifications. The communication is 

ECU-bus-ECU, and no process can be done between the transmission and 

reception of a message. That means that the transmissions have to be 

performed under those specifications in order for the ECUs to know which 

messages to accept and receive as well as the location of the required 

signals in the message. This information has to be present in both 

publishers and subscribers and in case of an addition or change, a detailed 

optimization needs to happen on both accounts. 

Centralized ECU communication database – ECU Database 

Assuming that we consider a certain generation or versions of ECUs, the 

information that is needed to optimize the communication starts with a 

number of questions. 

 Which ECUs are present on the network (active ECU configuration)? 

 What functionalities are required by the ECUs? 

 What data do these functionalities require? 

 How will that data be acquired?  

 
Figure 18: Message priority, relative priority and added messages 
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So each ECU has an identification number, and the ECUs that are 

connected on the network must be known since the communication 

between them must be optimized. In many situations there are conditions 

under which different parameters and optimization may take place. For 

example if there is a trailer connected, or using a specific type of a brake 

system. 

Then the functions of each ECU, are going to determine which data is 

required, and how that data is going to be obtained. 

Instead of a distributed optimization on each ECU separately, a 

centralized optimization could be concentrated on a single point that 

would act as a main platform under which all optimization will take place. 

Firstly all the communication parameters should be gathered and create 

a communication parameters database. 

For example (1): 

Let’s assume that the latest version of the system is being used, named 

“Version 1.0”.  

This version will include all latest information for all ECUs, all functions 

and data that they require. This will create a large database, the “ECU 

Database”, which will contain the optimization parameters for each ECU, 

with all conditions and all active configurations.  

For ECU1: 

 Compatible ECUs: ECU2, ECU4 

o With ECU2: Functions A,B,C 

 Data required for functions A,B,C: x,y,z5 

o With ECU4: Functionalities A,C 

 Data required for functions A,C: x,y,g 

 

In order to transmit and receive the data, additional information is 

required, which should also be included in the ECU Database. 

For ECU1: 

 With ECU4: Functionalities A,C 

o For function A 

 Will transmit MessageX1, with signals (a,b,c,d) 

 Will listen to MessageV7, with signals (j.r.b) 

o For function C 

 Will transmit MessageX5, with signals (h,s) 

 Will listen to MessageV8, with signals (k) 

 

                                                           
5 Signals with data like: wheel speed, oil temperature, engine rpm etc. 
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In similar way the ECU Database should contain information for all ECUs 

with all combinations and configurations, along with what functionalities 

each ECU has. Also included should be the data each function requires, 

and how is that data going to be communicated, the CAN-ids that each 

ECU will be listening to, depending on the configuration of ECUs in the 

system. 

Using the data in the ECU database, different configuration profiles can 

be created based on the active ECU configuration, thus one optimization 

profile for each ECU combination/configuration. 

This ECU Database should be included in the Centralized database; hence 

the Cdb should have the communication parameters and ECU Profiles for 

all ECUs, the messages that they will be transmitting and listening, as 

well as the signals that each message contains with their location in the 

message. 

Standardized messages 

The messages that are being transmitted by the ECUs will not have to be 

the same as the ones that they receive. The messages should be created 

according to the specifications in the ECU Database. The centralized 

database should contain all messages, in order to use the appropriate ones 

depending on the active ECU configuration profile. 

For example (2): 

All ECU transmissions which the COO is listening can be in the following 

form: 

- Message Name, transmission type (X), publisher ECU (ECU-A):  

Message1XA 

In a similar way, all COO transmissions which the ECUs are listening: 

- Message Name, Transmission type (V), subscriber (ECU-A): 

Message1VA 

Every message should also have a unique CAN-id in a similar way, to 

designate the type of message, publisher and subscriber. Figure 19 shows 

an example of standardization. 
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Figure 19: Signals in Interface Standardization 
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Best value available 

There are cases that some information can be derived from signals that 

contain the same type of data, as for example the vehicle’s speed. That 

data can be obtained from different sensors in subsystems in the vehicle. 

The quality of each signal’s data can differ due to different sensor accuracy 

and update frequency. In that case the system uses the most recent data 

that is available at the moment the data is required. The best value is the 

one that is more valid in accuracy and freshness, which means closer to 

the real value at that precise moment in time.  

Since the Cdb gets updated by the ECU transmissions, collecting all data 

at a single point, it allows the system to evaluate which is the best value 

available or derive it from the available information, and then choose the 

best one to transmit to the ECUs. Knowing which sensor can produce the 

most accurate data, which has the highest update frequency etc. the Cdb 

can choose or combine the data to derive a more accurate value using 

multiple data from different sources if available. Thus important factors 

on choosing the best value are the freshness of the data and their 

correctness, under the real-time restrictions.  

The message structure in example (2), should follow the specifications of 

the ECU Database, which also designates the information (signals) that is 

needed on each ECU profile. So during the optimization step, the 

Centralized database should know what signals every message should 

include as well as the signal position in the message.  

Furthermore, the information that the Centralized database transmits to 

the ECUs can be processed. 

For example (3): 

ECU-A needs the Vehicle speed information for the appropriate functions. 

ECU-B, ECU-C and ECU-D contain relative information based on 

different sensors, wheel rotation speed, axle rotation speed, gearbox rpm, 

and each one has different frequency, accuracy and freshness.  

Instead of using one of those signals, since all information is gathered in 

the centralized database, the system can use all of them (or the ones 

available at the specific moment), compare and derive the best value to 

use in the appropriate signal. That signal will get packed in the 

appropriate standardized message and will be transmitted to ECU-A. 
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For example (4): 

 

Communication process 

 

 ECUs pack the signals in messages based on the active ECU Profile 

 The ECUs transmit the messages to the COO. 

 The COO accepts and receives the messages, unpacks the signals and 

updates the database. 

 The Cdb performs a signal process and evaluation of the data. 

Chooses the best values available to use. 

 The Cdb packs the signals based on the active ECU profile, in a set of    

standardized messages. 

 The COO transmits the Standardized messages to the ECUs. 

By introducing a Cdb in the system, the ECU communication will change. 

Instead of the previously direct ECU to ECU communication, there is a 

non-direct one, divided in three main parts. First part is the ECU 

transmissions. The second is the process at the centralized database, and 

the third is the COO transmissions. 

Part A:  ECU Transmissions 

Since the communication is no longer direct (ECU-bus-ECU), the logic 

behind the message communication and packing of the signals can change 

to provide more efficient message payload utilization. The Cdb listens to 

all ECU transmissions, considering message payload utilization and 

frequency matched signals to minimize redundancy. 

Part B: Centralized database data processing 

The messages are received by the COO, which unpacks the signals and 

updates the Cdb. The implementation of a Cdb allows more functions and 

further process to be done at the middle point of the communication. 

Examples are the “Use of best value” process and further signal repacking 

options, towards a new set of standardized messages. 

Part C: COO transmissions 

The COO transmits the standardized messages on the CAN.  
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Centralized optimization 

There will be an initialization communication in order for the centralized 

database to know which ECUs are connected. 

The process would be as follows: 

1. When the system starts, the COO listens for the ECU id messages. 

2. Each ECU transmits a message with the ECU id number.  

3. The COO receives the ECU id numbers. Now the Cdb knows which 

ECUs are connected thus the ECU configuration in place. 

4. The Cdb accesses the ECU Database, reads the communication 

parameters for the active ECU configuration and loads a 

communication profile for this configuration. 

5. The COO transmits the communication profile to the ECUs so that 

each ECU knows the active ECU configuration and the communication 

parameters set by the ECU Database profile. 

This way the centralized database will optimize the system, as long as all 

necessary data is available in the ECU Database, instead of having to 

manually optimize each ECU individually 
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Message payload utilization  

There are messages are not fully utilized in terms of payload (data size 

they carry). For example, appendix VIII shows a payload utilization table 

with 126 messages transmitted by ECUs connected on the red bus. (Scania 

internal documentation) 

There are 4615 bits in 126 messages. Also there are 3 messages that are 

fragmented in parts because they carry data larger than the maximum 

64bits payload capacity. If we consider those fragmented messages as 

individual ones, we get 133 messages. Only 22 of those are fully utilized 

with 100% payload utilization, while 97 messages have less than 90%, and 

60 messages have less than 50%. 

 

 

Figure 20: Message payload utilization 

For 4615 bits of data, ideally would take only 73 messages. Hence using a 

more efficient packing strategy to fully utilize the messages could 

potentially reduce the number of messages, the overhead and in extend 

the bus load. From the 133 messages which are applied now, up to the 

best case of 73 messages, there is lot of room for improvement. 

Better payload utilization efficiency through repacking at the ECUs is 

possible since all communication is being transmitted to the Cdb. 

Topology and destination restrictions are eliminated due to the indirect 

communication.  

Additional repacking could also be available at the Cdb. After process and 

evaluation of the data, the Cdb should repack the signals according to the 

ECU configuration in the system. 

Summarizing, a more efficient signal repacking process on the ECUs could 

reduce the bus load consumption of the transmissions from the ECUs to 

the Cdb. Furthermore, an additional signal repacking process at the Cdb 

could reduce the bus load consumption of the transmissions from the Cdb 

to the ECUs. 
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A promising suggestion on signal packing is an algorithm called “Bi-

directional frequency fit heuristic” which focuses on minimizing the Bus 

load consumption. This algorithm was selected because it addresses two 

issues that are of great interest in this work. The low message payload 

utilization and the redundancy that comes from the signal frequency 

variation. 

This algorithm tries to pack the signals in messages in a way that 

minimizes the bandwidth cost, but also minimize the frequency variation 

range of the signals that are packed together. It works towards eliminating 

potential redundancy by packing signals with similar frequencies together, 

to avoid transmitting a signal more often that is needed. A detailed 

analysis of the algorithm exists on “Frame Packing Algorithms for 

Automotive Applications” (Saket & Navet, 2003). Appendices IX and X 

show a model of the algorithm. 

The algorithm sorts the signals in a frequency decreasing order and creates 

2 groups for example “Low frequency” group and “high frequency” group. 

Then it creates a new message in the low frequency group [1] and starts 

packing signals from the top of the list, until a new message needs to be 

created. The a new message is created in the High frequency group [2], 

and starts putting signals from the bottom of the list, until a new message 

needs to be created. Then it goes back on the low frequency group and 

create a new message and continue packing signals from the top [3] and 

repeats the cycle until all signals have been packed in messages It takes 

into account the message bus overhead, the signal size and also includes 

feasibility testing and priority assignment. 

 

 

Figure 21: Packing algorithm example 
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3.3 Simulation 

The simulations are worst case scenario calculations with the help of 

Scanla, where all messages are trying to be transmitted at the same time 

on the same bus (Hayani, 2012). A system configuration was chosen to 

form a baseline to compare with the Cdb implementation. The 

configuration focuses on the communication on the Red bus and includes 

the five ECUs of interest. This configuration is known to have considerably 

high bus load utilization. The next step was to introduce the Cdb in the 

system and the additional messages.  

New files had to be created in order to include and simulate the extra 

transmissions to-and-from the COO where the Cdb is assumed to be 

implemented. The results are shown in tables and their associated plots 

in appendices IV, V, VI, VII with the response times, latencies and bus 

load utilization. 

Each worst case response timing table (Appendices IV – VII) includes the 

following: 

Message: The name of the message which is coded as “message n” for the 

simulation 

Relative Priority: The priority the message took in the simulation 

according to the CAN-id 

Cycle: Transmission period in milliseconds 

Deadline: The transaction deadline in milliseconds 

Execution Time: The theoretical execution time set by Scania as default 

0,31ms 

Response Time: The time the message has finished transmission.  

The result must be less than the deadline, otherwise it means that it failed 

to take the bus and be transmitted in time. An extra transmission is 

required and each extra transmission is an invocation. 

Busy Period: The time the message has finished transmission including 

the extra invocations 

Total Invocations: Is the number of efforts it took for the message to be 

transmitted 

Invocation number: Indicates each invocation 

Latency: The latency of each transmission, rounded up in milliseconds 

Worst case Response Time: The response time of each successfully 

transmitted message 

Busload utilization: The percentage of the communication bus load 
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The plots after each worst case response timing table in Appendices IV – 

VII show the successfully transmitted messages and the failed ones, on 

each invocation. 

On Y axis are the different cycles of the messages in logarithmic ascension. 

On X axis is the Message number. Green starts indicate a successful 

transmission and red a failed one. The black X is the latency. 

 

 

3.3.1 Scanla simulations 

Original system configuration. 

In the original system configuration there are 139 messages on the red bus. 

In the worst case scenario simulation all messages are trying to be 

transmitted at the same time. The table on appendix I, shows the worst 

case response times and bus load. 

As it shows there are latencies (rounded up) from 10ms to 120ms, and 

maximum 9 invocations (number of tries to transmit). Bus load reaches 

90.26% which is considered very high. Though this is a worst case scenario 

and does not happen in normal operation. 

There are a few high frequency messages with low priority that can be 

optimized. A manual priority optimization was performed on a few 

messages that caused latencies. The messages had a low frequency but the 

lowest priority. After raising the priority of those messages (which is a 

priority change directly on the CAN-id of the messages), a worst case 

response time calculation (Appendix II) showed that latencies reduced to 

a range of 4ms to 75ms, with maximum 2 invocations and the same as 

previous 90.26% bus load. All following simulations include this manual 

priority optimization.  
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Adding low frequency new messages (200ms – 5000ms) 

A simulation to evaluate the worst case response times when low frequency 

messages are included in the Cdb. 11 new messages are included with 

frequencies 200ms to 5000ms, reaching to 150 messages on the red bus. 

Appendix IV shows that there are latencies from 1ms to 96ms with 5 

invocations and 90.7% bus load. 

To summarize: 

 150 messages – Latency 1-96ms – Bus load 90.7% on 500kb/s 

Adding only the new messages with 20ms frequency 

Adding messages with 20ms frequency had a huge impact on the Bus load. 

With only 6 out of the 11 messages in the list, reaching 145 total messages, 

the Bus load reached 99.56%. Appendix V shows the results with 6 new 

messages of 20ms frequency. Latencies range from 1ms to 700ms and 20 

invocations. 

To summarize: 

 145 messages – Latency 1-700ms – Bus load 99.56% on 500kb/s 

Adding all new messages on 750kb/s and 1Mb/s Bus bandwidth  

In order to evaluate the bandwidth cost with all messages included in the 

Cdb, more bus bandwidth was required. It wasn’ t possible to run 

simulations with all 183 messages on a 500kb/s bus, because the bus load 

was more than 100%, and it produces an immediate simulation failure. 

Therefore, the next simulations were run on 750kb/s and 1mb/s bus 

bandwidth. Appendix VI shows the worst case response times for 183 

messages on 750kb/s bus bandwidth.  Latencies range from 1ms to 78ms 

with 5 invocations and 89.2% bus load. Appendix VII shows the worst 

case response times of 183 messages on 1Mb/s bus bandwidth. Latencies 

range from 14ms to 20ms with maximum 2 invocations and 66.89% bus 

load. 

To summarize: 

 183 messages – Not feasible on 750kb/s 

 183 messages – Latency 1-78ms – Bus load 89.2% on 750kb/s 

 183 messages – Latency 14-20ms – Bus load 66.89% on 1Mb/s 

 

  



42 | P a g e  
 

3.4 Analysis 

 

The Value 

The value of such an implementation focuses on containing the growing 

complexity of the system. Instead of optimizing each ECU or subsystem 

individually, the Cdb shifts the focus and responsibility on a single point. 

While maintaining the physical topology of the components unchanged, it 

concentrates the optimization of the system on one centralized point, 

creating a database with that contains all the information of the system, 

the configurations and optimization parameters and the appropriate 

profiles.  

Any new inputs or change orders that are carried out by the responsible 

departments can be done through a single database, creating a centralized 

work platform. When the database is updated with the new changes to a 

new version, the updated optimization profiles should optimize the system 

in turn. 

By implemented a Centralized database, new options and functionalities 

are available. Extra processes can be performed at the Centralized 

database, for repacking and evaluating the quality of the data. 

The redundancy and low payload utilization issues can be addressed 

with additional packing options. A more efficient packing strategy can 

be used, since there are many messages with low payload utilization. 

Since the COO is subscribed to all ECU transmissions and vice-versa, 

signals can be packed based on more efficient message payload 

utilization, with smaller signal frequency variation range do reduce 

redundancy. Even further additional repacking can be performed at the 

Cdb, before transmitting to the ECUs.  
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The Cost 

The simulations consist of worst case scenario calculations, where all 

messages are trying to be transmitted at the same time on the same bus. 

Although this is not something that happens in reality, it creates an upper 

limit of performance that validates any results that come under that limit. 

(Gabry, 2014, pp. 10, 11)   

The original configuration goes over 90% of bus load utilization on a 

500kb/s bus bandwidth. Latencies are present and up to 5 invocation 

efforts were needed to transmit all the messages. How critical those 

latencies are, depend on the type of data and criticality of each message. 

In order for this concept design to have any value in the system, all 

messages should be included, with a possible exceptions any exclusive 

communication between specific ECUs. Since the bus load utilization is 

already this high, implementing the Cdb is not feasible on the existing 

system. 

Messages with low frequency have some impact on the system, but it is 

still considered feasible. With further priority optimization, latencies can 

be reduced, but with added bus load utilization cost. 

Adding high frequency messages quickly raises the bus load to 100% 

utilization, thus making this implementation unfeasible on the system 

under these configuration parameters.  

Calculations showed that at 750Kb/s available bandwidth, the bus load 

reaches 90%. Latencies are still present and up to 5 invocation efforts were 

needed for all messages to be transmitted.  

With 1Mb/s available bandwidth, the bus load reaches 67%. Latencies are 

still present but only 2 invocation efforts were needed for all messages to 

be transmitted. Further priority optimization could probably reduce the 

latencies even more. 

Under the existing specifications; channel bandwidth, amount of traffic 

and messages with low payload utilization, only a limited number of 

signals can be included in the Cdb, without an increase of bus load beyond 

the acceptable levels which produces latencies. Hence such an 

implementation is not feasible on the system, which is limited by the 

available bandwidth of 500kb/s.  

Worst case scenario calculations showed that a Cdb implementation is 

feasible on higher bandwidth, 750Kb/s and 1Mb/s. Although latencies 

were still present, the bus load was around 90% and 70% accordingly.  
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Conclusions 

Where a Cdb should be implemented in the electrical 

system? 

 Centralized database implementation at the COO 

The best candidate for the Cdb is the COO due to the topology, network 

access and functions that it has by design. Implementing a Cdb will raise 

the CAN bus load due to extra communication traffic since the COO has 

to be subscribed to all ECU transmissions. 

According to Scania engineers, the modern COO ECUs can get hardware 

inexpensive upgrades to implement a Cdb. 

Which signals should be included in the Cdb? 

 Most of the signals should be included in the centralized database 

The number of included signals adds more value and options to this 

implementation. All information is required for the ECU Database and 

profiles as well. Exclusions can be made in case there are signals that are 

only being communicated between two ECUs (excluding the COO). 

Furthermore if that communication is very high, a separate dedicated 

communication bus is suggested.  

How can a centralized database implementation 

provide new signal packing options? 

 The COO is subscribed to all ECUs and the ECUs subscribed to the 

COO 

There are many messages with low payload utilization at the moment. By 

introducing a Cdb in the system and changing the Publisher-Subscriber 

model to a more simple ECUs-COO and COO-ECUs, new packing options 

based on more efficient payload utilization and equal frequency can be 

applied.  

A promising repacking algorithm called “Bi-directional frequency fit 

heuristic” (Saket & Navet, 2003) packs the signals with the minimum 

bandwidth cost and minimum frequency variation of the signals, to negate 

the redundancy of having messages with low payload utilization in the 

system and signals being sent more often than they need to. Additional 

features are provided (feasibility test and priority assignment) and more 

can be added (Packing under certain specification attributes Source, 

Destination, type) in the algorithm that are optional to use. 
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How can a Cdb be used to separate the Publisher and 

subscriber? 

 Changing the communication model to a centralized ECU-COO-ECU 

To completely eliminate the restrictions that follow the Publisher to 

Subscriber protocol is difficult, since all nodes needs to be optimized in 

order to be able to communicate. Although a more simplified model can 

be used using the Centralized database as the main Publisher and 

subscriber.      

 

Benefits and drawbacks? 

Benefits 

 Simplified communication model. 

 Use of the best value. 

 Concentrates all optimization on a single point. 

 Additional packing options. 

 The potential improvement of message payload utilization. 

 Enforces centralized platform for all departments to work through. 

 The physical topology remains unchanged thus reducing the 

implementation costs. 

Drawbacks 

 More messages (Different messages for Transmitting and Receiving 

the same data) 

 More transmissions 

 Extended transmission time due to Cdb process 

 Higher communication bus load 
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Future work 

Future work should to focus on a Cdb implementation. To determine the 

requirements and specifications of the database and the ECU on which is 

implemented on. There should be a further analysis on the software and 

the hardware requirements and restrictions since the added overhead can 

be significant in both aspects. Thus it will be interesting to see how 

different implementation designs and options will impact the system. 

 

The standardization protocol must be optimized according to the system 

that is going to be implemented in. That includes configuration profiles 

and identification numbers, ECUs, Messages and so forth. 

 

On an actual implementation of a Cdb, alternative signal packing options 

can be used and determine the most optimal approach. Further 

investigation is needed on what are the actual benefits from such a 

solution, as well as how much will the additional time and process 

overhead be.    

 

Another interesting aspect is the implementation on different 

communication buses, like Ethernet and Flex ray. They should also be 

considered to evaluate whether they are viable alternatives to CAN.  

Other important subjects to investigate are testing, validation and 

verification procedures. There will be many differences in those procedures 

since new risks and safety measures will have to be considered.  
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Appendix I. Original configuration WCRT 
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Appendix II. Original configuration WCRT after priority optimization
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Appendix III. Additional messages from the Cdb 
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Appendix IV. WCRT on 500kb/s with added low frequency messages  

 



59 | P a g e  
 



60 | P a g e  
 

 

  



61 | P a g e  
 

 

  



62 | P a g e  
 

Appendix V. WCRT on 500kb/s with added 20ms frequency messages  
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Appendix VI. WCRT with all additional messages on 750kb/s 
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Appendix VII. WCRT with all additional messages on 1mb/s 
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Appendix VIII. Message payload utilization table
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Appendix IX. Signal packing Algorithm Model (Part 1) 

  

Modelled On Appendix X. 
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Appendix X. Signal packing algorithm model (part2) 

 


