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Abstract – Expanding interest for progressively controlled security characteristics, traveler solace, and 

operational comfort in high society vehicles requires an escalated utilization of electronic control units 

incorporating programming divides. Displaying, reproduction, fast prototyping, and check of the 

programming require new advances to surety traveler security and to quicken the opportunity to-market 

of new items. This paper shows the state-of-the-craft of the outline techniques for the improvement of 

electronic control unit programming at BMW. These outline systems spread both discrete and enduring 

framework parts, easily joining the particular techniques not simply on the code level, however on the 

documentation, reenactment, and outline level. Furthermore, we exhibit two displaying also prototyping 

apparatuses for discrete and consistent frameworks, in particular Statemate and Matrixx, and talk about 

their preferences and burdens concerning fundamental prototyping requests.  

Moreover, we talk about how all the more progressed innovations could be connected within a brief span 

of time in the region of formal confirmation, pointing at the validation of wellbeing discriminating lands. 

Both plan strategies and confirmation have been connected to the careful investigation of a voyage 

control framework. 

---------------------------♦----------------------------- 
 

INTRODUCTION  

The amount of electronic control units (Ecus) in the car 
division expands consistently. Ecus are used to 
assurance a best of animated traveler security, driving 
solace, and operational accommodation. Behind these 
units is the more mind boggling programming which 
controls all capacities of a car – from the focal bolting 
framework to the ventilate and to the motor timing. 
This programming needs to perform consistent with 
the clients' wishes and prerequisites what's more must 
be totally and perfectly completed at most recent with 
the begin of the serial handling. Beta-tests which are 
well-known from the programming business in the 
territory of electronic data processing can not be 
utilized as a part of this setting: clients in day by day 
street activity can't serve as test persons, as it might 
disaffirm traveler security. Thusly, it is particularly vital 
to approve furthermore check all thoughts and 
prerequisites as promptly as conceivable in the 
improvement process with a specific end goal to meet 
the clients' prerequisites and yield greatest useful 
quality.  

This paper shows new semiformal depiction systems 
for the improvement of control programming counting 
a process model that depicts the suitable utilization of 
the procedures in each improvement stage. 
Accentuation is laid on reproduction, quick prototyping, 
and check in unanticipated advancement stages. This 

permits an unanticipated validation of ideas, a better 
comprehension and maintainability of the particular, 
and thus an impressive diminishment of the in 
general improvement sets back the ol' finances. The 
strategies portray the programming no more drawn 
out as an ASCII message by a gigantic measure of 
project postings, yet by graphical and non-literal 
presentations. Here, it must be recognized between 
discrete and constant framework parts.  

The discrete parts portray states that could be 
distinguished by instantaneous investigation, for 
instance "Car is driving" or "Car is stopping". They 
are spoken to in our methodology by an unique 
broadened form of limited state machines, in 
particular Statecharts . Statecharts are underpinned 
by the monetarily accessible advancement apparatus 
Statemate .  

The constant parts depict constantly continuous 
processes, as they seem habitually for instance in the 
engine administration. The numerical premise of 
these portrayals is laid by scientific comparison 
frameworks, which are the establishment of the 
advancement apparatus Matrixx. As for the 
developing criticalness of item risk procedures 
identified with model checking are presently 
researched, which are utilized to formally check key 
framework lands. These systems base on scientific 
calculations and furnish intends to check framework 
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lands for all conceivable framework states. This goes 
far past the proficiencies of recreation, which is limited 
to userselected on the other hand randomized state 
trajectories.  

 

Figure : Design Process for ECU Software 

DESIGN PROCESS 

Instantly, more than 50 electronic control units are 
joined in a privileged BMW. More or less, more than 40 
percent of these units are cross breed frameworks, 
which comprise of discrete and additionally enduring 
parts. The configuration of such frameworks requires 
an explained configuration process. Our prescription is 
pictured in Figure  and clarified in the continuation.  

 starting with the casual issue depiction, for 
example in type of a prerequisites determination or the 
engineer's thoughts, we show the discrete 
programming divides of the framework in Statemate 
and the ceaseless divides in Matrixx.  

 to check and investigate the models, the single 
segments of the framework being worked on are 
reenacted in the aforementioned apparatuses. After 
that, the framework is reproduced all in all by the help 
of a extraordinary reconciliation of these two 
apparatuses on the reproduction level.  

 in request to approve the key thoughts of the 
last item, we test an immediate produced model 
recently in the early outline stages with a quick 
prototyping fittings in the storage compartment of the 
car. This makes the framework being worked on 
substantial.  

 after having guaranteed the key thoughts of 
the framework by the support of recreation and 
prototyping, we program the framework being worked 
on in the particular code of the electronic control unit. 
These days, this is still done by hand in light of the fact 
that accessible code generators are not yet skilled to 
produce incline and streamlined code that fits on minor 
furthermore shabby processors. Managing huge 
amount items, it is shabbier to project the control units 
by hand for upgraded code than to utilize more 

unreasonable units. The model code then must be 
broadened by working framework code.  

To model discrete, state-based frameworks by the 
support of Statemate, we take after standards of 
organized investigation. We deteriorate a framework 
practically in subfunctions. These subfunctions are 
called exercises or Activitycharts in Statemate. The 
cooperation of them is communicated as far as data 
and control stream. Like Statecharts, Activitycharts 
could be disintegrated progressively. This helps us to 
structure our models. The conduct of every 
Activitychart is defined by Statecharts. Statecharts are 
because of David Harel et al. also are an augmented 
form of Mealy machines. In expansion to order, 
Statecharts offer the conceivability to consolidate 
automata in parallel that impart through telecast 
correspondence.  

When we begin to mimic a model, we run a few tests 
on the linguistic and also on the semantic level to 
alter first and foremost outline defects. This is backed 
by the apparatus, as well. Moreover, as recently said, 
it is conceivable to complete alleged dynamic tests 
and recreation. At last, the model is produced and 
stacked on the model equipment. For the particular of 
nonstop frameworks we utilize the apparatus Matrixx. 
Matrixx is a compound instrument that comprises of 
various instruments that might be utilized for the 
generally speaking plan process. The most imperative 
parts are:  

a numerical bit, a graphical demonstrating and 
recreation instrument, and a compiler for programmed 
code era. Control frameworks are graphically planned 
also reenacted with the supposed System Builder. A 
huge outline library underpins the configuration 
process with different components like trigonometric 
capacities, addition pieces, and – more general – 
arithmetical outflows.  

Quick prototyping is an intend to improve touch-and-
feelsystems. This is a crucial focus for framework 
improvement, particularly in car industry. As of 
recently in the early outline stages the item might be 
assessed and talked about; not just by configuration 
authorities additionally by parts of the leading group 
of chiefs. In this manner, it is from one perspective 
less demanding to advance a framework that is in 
some sense optimal for the client. On the other hand, 
the opportunity to-market might be diminished.  

That is an essential variable to remain intense in a 
quick paced business. Quick prototyping makes 
frameworks touchable without considering resource 
limitations: in this item stage we don't need to think 
about discriminating resources like processor 
execution, memory allotment, number and sort of 
interfaces, and force utilization, case in point. The 
creator can completely focus on the usefulness of the 
framework since a capable prototyping environment is 
available to us.  
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To be appropriate for vehicles, a quick prototyping 
equipment stage needs to have an exceptionally 
adaptable interface to the auto electronics. 
Consequently, such an interface must offer the 
conceivability to be arranged uninhibitedly and, in 
expansion, should empower continuous limitations 
under two milliseconds. At BMW, we utilize a VME 
transport framework joined together with a Motorola 
CPU card together with the continuous working 
framework Vxworks as target stage.  

When we change the model in the target code into the 
modifying dialect C that runs on the electronic control 
unit, we utilize advanced C libraries. This code is 
combined on the control unit with the suitable working 
framework fittings and the fundamental programming 
for correspondence on the field bus. 

CRUISE CONTROL 

The prerequisites particular depicts the operation of 
the cruise control as takes after: The cruise control 
upholds consistent speed for velocities of more than 
40 km/h. Extra capacities furnish agreeable speed 
expansion and diminish, what's more empower the 
auto to immediately achieve a preset speed. As 
demonstrated in Figure, the fleeting course of the 
increasing speed when arriving at a preset speed 
could be partitioned into seven stages. The driver can 
work the cruise control with an information apparatus 
that just permits the utilization of one capacity at once. 
The point when the driver uses the brake or 
quickening agent pedal, the programmed cruise 
control is promptly exchanged off.  

 

Figure : Acceleration by the cruise control 

 

Figure : Functional Decomposition of the cruise 
control 

Figure shows the utilitarian disintegration of the 
cruise control, demonstrated as an Activitychart of 
Statemate. The interface of the cruise control to the 
vehicle's other framework parts comprises of the 
brake pedal, the quickening agent pedal, the client 
indicators from the information apparatus, the present 
speed, and the throttle setting controlled by the cruise 
control. 

CONCLUSION 

In this article another advancement process for 
electronic control units has been proposed. The 
process has recently been field-tried and instated at 
BMW for major pilot studies. The major point of 
interest of this inventive process is the authorized 
sending of semiformal improvement techniques. 
These philosophies give incredible possibilities to 
satisfy the taking after objectives: advancement 
expenses will be extensively decreased, quality will 
be expanded, and the generally advancement time 
will be fundamentally diminished. All things 
considered, it remains essential to further enhance 
this improvement process in future research. This is 
vital as constantly new necessities on the 
improvement process of electronic control units 
emerge.  

One such prerequisite is programmed code era of 
serial code with a specific end goal to quicken the 
advancement process further. The code generators 
that are state-of the-workmanship generate 
programming code which is sufficient for the 
requisition in quick prototyping as talked about in this 
paper, however is fundamentally too little and 
wasteful concerning the coordination in the genuine 
serial preparation.  

Concerning model checking two distinctive 
methodologies must be recognized, specifically 
discrete model checking and crossover model 
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checking . While the previous is limited to discrete 
framework depictions, the last permits the blended 
determination of both discrete what's more ceaseless 
framework lands. By the by, both strategies take after 
the same standards: The framework detail is depicted 
by a limited state machine, the framework property to 
be checked is portrayed in a rationale, that permits to 
express qualitative relations between framework 
occasions. Utilizing the strategies in  this rationale 
could be totally covered up from the client by giving 
graphical timing graphs.  

Concerning the framework portrayal, a paramount 
result could be gotten in the Korsys venture as for 
discrete model checking: an interface to the business 
item Statemate has been prepared, so that framework 
detail could be performed in a graphical way utilizing 
all favorable circumstances of progression, television, 
and parallelism furnished by Statecharts.  

The portion of the model checking calculation checks 
each reachable framework state if satisfies the given 
framework property or not. The accomplishment of the 
system is given by a particularly proficient encoding of 
the framework states. In discrete model checking it is 
conceivable to confirm more than 1020 framework 
states. All things considered, the cutoff points of model 
checking are given by the multifaceted nature of the 
framework to be checked. 
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