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Motivation

Software Sharing in automotive embedded software development has continuously grown over the last decades and is still getting more importance and attention. Main advantages for Software Sharing, as seen by the OEM, are acceleration of development time and cycle as well as a full flexibility to customize the final product (with introduction of its own software). Although classic software sharing has shown its capabilities in practice, it shows some limitations and need to be extended in order to cover additional use cases. The concept of model sharing can help to address those use cases and the following paper outline five level of model sharing to enhance customer cooperation.

Introduction

An increasing number of car manufacturers develop their own functionalities or their own software platform in order to communize functions across several control units supplied by different Tier 1 companies. This happens in general as stub-software (already compiled) to be integrated in the final Software. This process can however be enhanced to increase development efficiency. In order to achieve such goals, OEMs need the ability to test functions in a very early stage of development and continuously along the V-Cycle development up to the final software. Model Based Design is a mean to do this and the tool Simulink® from MathWorks is becoming a quasi-standard in the automotive industry for this task. Modeling-tools like Simulink® allow OEMs to verify their function in an early phase using virtual and/or rapid prototyping. The so verified model together with the achieved data specification can then be exchanged with suppliers as executable specification; this is one face of the medal of what is called "Model Sharing" at Bosch. The other face consists of provision of development environment as well as use of common modeling guidelines and libraries. Intent for cooperation in this manner always leads first to following questions: What kind of Model Sharing partnership can be established? What are the minimum requirements to set up for Model Sharing cooperation? What are the technical barriers and what are the solutions proposed by Bosch and applied in development ? This paper describes five levels of "model sharing" cooperation between OEMs and suppliers that Bosch has identified, from "Use of ECU virtualization environment" up to "Joint Development". It represents a framework for any contract that has to be established to clearly define fields of responsibilities and guarantees for intellectual properties of each party. Some of the results as well as benefits achieved with these cooperation forms in pilot projects will also be presented.

Model-Sharing

As part of the Model Based Development method, the Model-Sharing is a way of exchanging models and model artefacts in order to ease Software development and cooperation between two or several partners. It is also a way to allow rapid prototyping as well as simulation. Basically, motivations for Model Sharing implementation in embedded SW development process are:

• the OEM focuses on physical modeling, simulation and rapid prototyping. The OEM can also, via model exchanges, take benefit from supplier physical modeling and simulation know-how. • the supplier is in charge of the code generation and its industrialization Simulink® and/or ASCET models can be used as executable specifications for SW development. Using a common tool (with it a common language, and standardized files ) for modeling allows to reduce the amount of to be exchanged documents, and thus enhance the understanding of OEM requirements by the suppliers. This can significantly lead to reduction of development effort and development time as well as delays in the development. Typical use cases for Model Sharing are described in the sections below.

Use case 1: OEM describes the expected functionalities in customer specific functions developed by the supplier

• the desired changes can be implemented directly in the model 

Architecture

In order to cope with the complexity of the Software development for Engine Control, a strong and highly flexible Software architecture is required. The answer of Bosch to this challenge is the creation of the Software architecture VeMotionSAR TM that strengthens the cooperation with the OEMs and that has been published in Internet (http://www.bosch-vemotionsar.com). One of the main benefits of this architecture is the modularity of the function description and the definition of the interfaces. It permits to describe individually the various specifications of the corresponding development partners' functionalities in a highly modular architecture domain according to their resources / tools.

Cooperation levels

Since each customer has its own dedicated development process, it has therefore specific requirements for development cooperation with suppliers. On the other hand, suppliers need to classify the requests of OEM to find a common approach. Following this line of thought a five-level classification for model Sharing between Tier1 and OEM has been performed at Bosch: from "Use of ECU virtualization environment" up to "Joint Development". This build a base for discussions with OEMs before starting a new project and it provides a framework for development methodology and contracting. The cooperation usually contains aspects of different types of contracts like service or licensing contract. However, these aspects are typically covered by one agreement describing the complete scope of the cooperation. To build a virtual test bench, virtual engine ECU-SW (engine electronic control unit -software) is needed. PC-executable ECU-functions in a powerful simulation environment are then needed.

Current engine ECU-SW (for Bosch systems) has been developed over many years (through several generations) and shows thereby a high level of maturity. However, this ECU-SW originates from different source artifacts with specifications in various formats (models in different languages and maturity, pdf documents, word documents …) that are not always runnable in common behavior modeling tools (e.g. Matlab/Simulink) environments. During generation process of executables for the target "MEDC control device" these different specifications are dissolved and transferred in machinestranslatable code.

Figure 3 -Workflow for generating executable code in BOSCH environment

For virtual applications, PC-Executables will be generated only for the SW-architecture area ASW (Application SoftWare). However, certain functional characters from the BSW (Base SoftWare) -area (e.g. diagnosis …) have to be made available in order to better represent the behavior of the real control device in the simulation environment. This approach enables to use existing MEDC functions in an easy and flexible manner on a desktop PC as well as to develop own functions or pre-calibrate these functions and/or to verify these functions in combination with Bosch-functions. Furthermore, this environment can be used (a conglomerate of functions) to check the quality of the used plant model. Such a development environment can be realized using the tool INTECRIO from ETAS.

Figure 4 -Integration and configuration platform INTECRIO

The tool INTECRIO (from ETAS) is an integrated environment for prototyping of electronic vehicle functions. It allows users to integrate functional models and code from various sources (e.g. ASCET, MATLAB ® /Simulink ® , C-code and atomic AUTOSAR software components) for different purposes:

• Prototyping in real time on dedicated prototyping devices with interfaces to the real hardware, e.g., to ECU devices and bus signals in the real vehicle (so-called rapid prototyping).

• Prototyping independent of real time on a Windows

® PC using MEDC function models, as well as plant models of and/or recorded signal profiles (so-called virtual prototyping).

For these prototyping purposes, INTECRIO integrates functions with the real time operating system RTA-OSEK which is also used for example on BOSCH production ECUs; thus a real ECU close behavior can be achieved. With this approach much more significant (or meaningful) results can be achieved than this would be possible with a pure model simulation.

Typically results achieved here are prior to the V-Cycle development. This means that this level of cooperation always lead to different additional cooperation levels (to be described in the next sections) that can then be applied for production development.

For Bosch, a next step to enlarge virtual prototyping possibilities will be to introduce tool and features which allows access to more BSW services as today (EEP, ECU coordination states, Com…) Characteristics for contracting on this cooperation level for Model Based Development Bosch to deliver Bosch model as executables object for INTECRIO Behaviour model (e.g. as Simulink and/or ASCET models) or source code are not scope of the delivery to the OEM for this cooperation level The OEM can simulate a large number of Bosch functions together with its own developed functions. The Model sharing contract describes also rights to use for deliverables. All warranty and liability is excluded as the cooperation takes place in the prototyping phase. Ownership of all intellectual property remains with the owner of the models.

Level 1: Processing of OEM Model

This level of model based cooperation is the so called "Commissionedd Development" within the development process at Bosch; the OEM delivers a (simulatable) model that has to be processed by the Tier1 supplier to generate production code without any functional change on the model. Alternatively, the OEM can also deliver a specification (e.g. PDF-document) and the supplier creates a model according to this specification. This model will then be delivered to the OEM for further development.

Using same modeling tool by the OEM and the Tier1 supplier helps to avoid converting the model to another modeling environment. Since model corrections (shall) can only be performed by the OEM, the Tier1 supplier has to wait for a corrected model in case of model errors. And this is a significant drawback that needs to be considered here, especially during the project preparation phase. Use of the updated model to generate the production code is only possible if model preparation can be fully automated. Otherwise differences between previous and updated model have to be identified and changes implemented on Tier1 side in the model (previous or updated one) where the code changes are minimum. 

Level 2: OEM Model Enhancement and Processing

This model sharing cooperation level is also considered as part of the development process "Commissioned Development" at Bosch. The OEM delivers a model and the Tier1 supplier can introduce non-functional necessary modifications in the model for several purposes, such as:

• optimisation for production code generation • model corrections in case of mistakes found during model implementation • specific interfaces e.g. for diagnostic In comparison with the cooperation Level 1, there is no need to wait for a correction model from the OEM. However, the OEM shall agree on proposed modifications, for example via a requirement review document. In addition to cooperation Level 1, The Tier1 supplier adds value here to the OEM model. Furthermore the development efficiency is getting enhanced, since the modified model by the supplier is then delivered to the OEM and thus modifications done by the supplier are then available to the OEM and so risks of model discrepancies are reduced since the corrections are done at a single site. 

Level 3: Level 3a: Use of OEM Models in Cooperation

The OEM owns a model and delivers it to the supplier who is charge of the code generation for industrialisation. Different to cooperation Level 2, the supplier can introduce functional modifications in the OEM model. The kind of Know-How added by the supplier can be for example specific calculations mechanisms such as special filters, or functionalities related to the OBD (= "On Board Diagnostic"). The modified model is delivered back to the OEM. Naming conventions for labels (e.g. variables and/or calibration parameters) have to be applied according to the OEM rules.. In general, for all cooperation levels, a CIL (Customer Interface Layer) is needed to combine OEM functions with Bosch functions. However, if the OEM uses interfaces from the published architecture VeMotionSAR TM , then there is no need for such a Customer Interface Layer.

Figure 7 -OEM model augmented with BOSCH-IP

Contracting for Model Based Development

The contract between Bosch and the OEM is dealing with close development cooperation for selected topics. The Model Sharing contract describes the rights to use for transferred OEM models and for modified OEM models including Bosch Intellectual Properties. The regulation of rights to use in serial products is typically excluded.

Level 3b: Use of Bosch Models in Cooperation

The supplier provides its own models to the OEM who can then enhance the model by its own functionalities and Know-How. The OEM delivers back the modified model to the supplier who is then in charge of industrialisation and production code generation. The final responsibility for the model (physical Behaviour) remains with the supplier who should review the OEM functional modification for approval. The OEM shall respect the supplier naming convention for the labels like variables or calibration parameters. The development time of OEM specific functions can be reduced drastically since there is no need for the OEM to deliver any specification or schematic that would have to be analysed by the suppliers and then interpreted in the model. Since the model remains property of the supplier, the OEM is not authorised to deliver the model to a 3rd party (e.g. another supplier).

Contracting for Model Based Development

The contract between Bosch and the OEM is dealing with close development cooperation for selected topics. The Model Sharing contract describes the rights to use for transferred Bosch models and for modified Bosch models including OEM Intellectual Properties. All warranty and liability for the use of the models incl. their modifications is excluded. The regulation of rights to use in serial products is typically excluded. It can be typically used in parallel with the Level 0.

Level 4 : Joint development

The joint development deals with a common ownership of the models. The base model can be created at the start of the partnership or can be provided by one of the party. The level of contribution from the supplier and the OEM is comparable and the created Intellectual Properties are shared. It leads to accelerated development: a unique model can be continuously exchanged between the supplier and the OEM or modified by one party with the contribution of the other party. As a constraint, it is necessary to define clear responsibilities between the supplier and the OEM. Regarding Verification and Validation, we can say that for Level 1 and 2, Tier1 is only responsible of Verification, i.e assure that the code generated respect agreed standards (MISRA, ISO…) and that back to back MIL/SIL tests are accepted by OEM. Hence, we can difference introduces with code implemented in fixed point.

For Level 3a, 3b and level4, the functional validation remains under the responsibility of the model owner and most of the time defined and executed by the model owner.

Results

In this section, we will present some results achieved in cooperation at some level presented above

Use case with Level 0

With a German car maker several use cases based on different roles (early calibration, function verification, plant models verification) have been performed.

The plant model used here is an EGT (Exhaust Gas Aftertreatment) (see [1]) model designed in GT-Suite. In the left picture the model predicts very well the transient behavior whereas on the right side, the accuracy of the accumulative tailpipe emissions prediction can be seen to be satisfactory.

Results of this virtual test setup has already been published with [1] MTZ in September 2013

Use case with Level 1

Commissioned development were done in the past at Bosch just by using ASCET or manual code; i.e. since Simulink models couldn't be directly processed, the model itself had to be transformed to ASCET or manually coded. Introduction of support of Simulink toolchain for code generation at Bosch has considerably improved efficiency within "Commissioned Development" projects for those cases where the OEM is able to provide Simulink models to the supplier. In a recent project performed within the scope of this cooperation model, the complete production code for the Application Software Layer has been automatically generated out of the shared models and with respect to the deadlines for a usual ECU development cycle. The code has been generated based on Simulink models and data dictionaries delivered by the OEM. Since the OEM did not expect any functional changes to be performed on his model by Bosch, only small adaptations have been done to make the model ready for code generation. The major challenges were to ensure the functional behavior of model and code, whereas the OEM was not providing any test cases. The approach used in this project was to perform unit tests by doing back-to-back tests with the tool TPT from the company Piketek. A set of stimuli is partly autogenerated with a tool (called GAIO) and permits to compare:

• MIL (Model in The Loop) test with the original non-implemented OEM model

• HIL (Hardware in The Loop) test in Labcar bench with the compiled code in an ECU. The stimuli are injected into the functions via bypasses generated with the tool EHOOKS from ETAS. Approaches at Bosch to ease the Model Sharing with Levels 1 to 4

The Model Sharing approach in a Model Based Development environment might face many technical barriers that can reduce the expected benefits. Based on past and current experiences, several ways have been identified at Bosch to ease the introduction of the Model Sharing in a new project.

Toolchain : An evident pre-requisite to be able to introduce Model Sharing is to use the same tool at OEM and supplier sides. The experience shows that conversion tools (for example to convert a Simulink® model into ASCET) require a huge investment for a result that is not always satisfying and may require a lot of manual rework after conversion. Using the same tool version avoids saving a model into a former version and thus prevents the risk of regressions or incompatibility. It is difficult for a supplier to be able to support different versions of the same tool because in most of the case the tool are customized with specific add-on, especially for the code generation.

Data dictionary : Providing a data dictionary as a model artifact helps a lot the supplier in charge of the code industrialization. The data dictionary can be processed with scripts that reduce the workload and the risk of copy errors. In case of a Simulink® toolchain, it is the main input to generate the Workspace elements. Perl scripts interfaced with Matlab scripts and a Matlab GUI (Graphic User Interface) can be used to import automatically the OEM data dictionary into the Matlab® Workspace. To ease the import process, an XML file (eXtensible Markup Language) is generally preferred to an Excel sheet. The data dictionary can be automatically generated by the OEM if all the labels are stored in a database such as ADD from Visu-IT! Architecture : Before development of group of functions, it is mandatory to define prior the architecture.

A cooperation with the supplier helps to fit the OEM architecture with the supplier one and can drastically reduce the workload to adapt the OEM functions into the supplier's Software (less adapter mappings, no need to cut some supplier functions). The experience shows that too large functions may lead to validation difficulties in case of long calculations chains. In order to ensure an Intellectual Property protection of a part of a function (with Levels 3 and 4) it is possible to hide some subsystems with protected Model Reference mechanism in case of a Simulink model. A preferred solution is to split the functions, it is easier to handle from a contracting and licensing point of view.

MDX / AUTOSAR standard : the standards MDX or AUTOSAR ease the integration of the generated code of a 3 rd party into the supplier Software. It avoids the integrating suppliers developing an integration toolchain for each OEM. The support of the AUTOSAR standard by the code generators is a strong requirement of the ECU suppliers and is a worldwide challenge for the coming years.

Service Library : The use of OEM specific Library routines requires an additional development effort on supplier side, especially for the adaptation is the Library element to code generation. Bosch is using almost exclusively AUTOSAR R4.x service routines with its new Simulink® toolchain and strongly recommends its customers to use this Library. An important aspect is that the AUTOSAR R4.x service routines do not use any AUTOSAR RTE (Real Time Environment) mechanism, it is fully compatible with other standards such as MDX. Despite the fact the AUTOSAR R4.x Library is not available with MathWorks toolbox, Bosch has developed its own set of Simulink blocks and is able to deliver it to its customers after contracting and licensing agreement.

Functions verification and validation : With Model Sharing cooperation there is a good potential to reduce the tests efforts. One interesting way is to reuse the stimuli from the OEM that have been generated during the modeling or Rapid Prototyping phase. Since the supplier is not responsible for the functionalities, it avoids writing test cases. Thanks to the code coverage tool from Simulink® it is possible to know the coverage level (for example with the MC/DC method) of the set of stimuli provided by the OEM and complete the tests by additional test cases in order to achieve a sufficient coverage level that has been agreed with the OEM before starting the project. Back to back tests between the OEM model in floating point and the implemented model in fixed point help the Software developers to detect the calculation errors due to the fixed point implementation (for example : loss of precision)

Summary

Built up of a complete model sharing tool chain (from the scratch) at car manufacturers site requires a clear and stringent roadmap since the investment is considerable and return on invest come along with a long term strategy and sufficient volume of models shared. Model Sharing is currently applied at Bosch for several serial projects and is leading to clear improvements in development efficiency.

Before starting a project, a contract has to be established to clearly define fields of responsibilities and guarantees for intellectual properties of each party. Beside the legal aspects, organizational, software architecture and technical aspects have also to be clarified in order to ease the cooperation.

Bosch is adapting the Process, Method and Tools to car manufacturers having their own approaches. Use of Standards (e.g. ASAM (MDX, CDF …) AUTOSAR (service libraries, methodology …) as well as standardized interfaces specifications (e.g. as published with AUTOSAR R4.x) can significantly ease exchange of models. A flexible tool chain is hence created, since a "one fits all" approach for all customers is not possible. 
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 2 Figure 2 -Workflow for Model Sharing and contracting Level 0: Virtual Prototyping Since several years, it can be observed that trend for ECU software engineering is moving towards PC simulation in order to 1) Save costs by increased development productivity and 2) Manage complexity and apply holistic engineering approaches. 3) Allow different development speed between HW, mechanics and SW And OEM are requesting from Tier1 supplier a stringent support of development cycle oriented usecases at OEM in a virtual manner e.g. for • ECU function development and testing from idea to production, • Optimization and co-simulation (GT-Power, Matlab) and • Pre-calibration and testing of ECU functions
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 8 Figure 8 -Joint development: Contribution of both partners with IP Contracting for Model Based Development The contract between Bosch and the OEM is dealing with a common model development for selected topics.The Joint Development contract regulates the rights to use for generated Intellectual Properties including licensing and possible exclusivity phases.
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 9 Figure 9 -Cumulated AdBlue mass dosed in WHTC Figure 10 -Cumulated NOx emissions by mass in WHTC
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 11 Figure 11 -Verification workflow for OEM model processing For a specific case where the complete development has been done using Simulink (Matlab 2012b,) and Autosar 3.1 SW-methodology for a diesel air management, following steps have been performed: • Implementation of OEM Simulink Model to fixed point. • code generation of implemented model for Autosar 3. • Performing of Model In the Loop (MIL) tests on basemodel as well as on implemented model using TPT; stimuli were given by the OEM and additional stimuli have been created at Bosch to perform code coverage higher than 75% • Preparation of S-function (for Software in the Loop testing) from the generated code to be used on the ECU • Performing of Software In the Loop tests using the S-function and TPT in Simulink mode (MILlike, but using the compiled code instead of the Simulink model).
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 13 Figure 13 -back to back MIL floating point, SIL fixed point

  

  • Simulation/Rapid Prototyping can be carried out w/o waiting for an "official" SW release Use case 2: OEM develops its owns model and the supplier is in charge of the "so-called" industrialization of the code • This corresponds to Commissioned Development in Bosch process development • The code implementation is simplified if both parties are working with the same modeling environment (examples : Simulink®, TargetLink®, ASCET) • Functionalities can be tested with Rapid/virtual Prototyping before delivery to the supplier • corrected (enhanced) model can be delivered back to the OEM: This helps to avoid additional traceability documents and minimize risk of forgotten improvements in own (original) model
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