Overcoming Key Challenges in Developing Robust
System Architecture: A Case Study on Automotive
Battery Systems

In this blog, we delve into the topic of system architecture, using lithium-ion battery systems as an
illustrative example. The system architecture significantly influences the robust design of the battery
system and is crucial because it directly contributes to defining and fulfilling the required product
functionalities and characteristics.

Beyond the necessary electromechanical, Software, electrochemical and material technology
competencies for battery system design, a comprehensive understanding of Systems Engineering (SE)
is essential. Numerous diverse aspects of battery system design and development fall within the ambit
of the SE discipline. The primary reason for considering SE throughout the product development
lifecycle is the highly complex nature of the battery system, which incorporates multiple functionalities.
A lack of basic SE knowledge can result in a highly challenging environment due to system complexity
and interdisciplinary work. Over the years, I have increasingly noticed a growing understanding among
automotive company management of the need for an SE-centric approach. This is primarily due to the
recognition of the high complexity of the target product.

The state-of-the-art development process for a battery system or its components, such as the Battery
Management System (BMS) in the automotive industry, utilizes the so-called V-model. Additional ISO
standards, such as ISO 26262 and Automotive SPICE process assessment and process reference model,
which rely on the V-model, are also applied.

Figure 1 schematically depicts the product development process. Here, the focus is mainly on SE and
software engineering of BMS development according to the V-Model. This approach is customer-centric,
with battery system product development based on customer requirements. The phases highlighted in
blue are those where the SE discipline plays a pivotal role, assuming the major activities and
responsibilities. Based on the derived system architecture elements and their functionalities, the sub-
disciplines - Hardware (HW), Software (SW), and Mechanical Engineering (ME) - begin to design and
implement their respective component requirements and functionalities. In simple terms, the left side
of the V-Model covers the battery system design, while the right side manages its integration and testing.
For simplicity's sake, the functional safety aspect is not considered in this discussion.
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Figure 1: Product development process according to V-Model [1]

In general, the way forward is straightforward: the required product functionalities should be broken
down into sub-functionalities. To simplify, sub-functionalities are defined based on the overall system
functionality. However, the functional structure should remain solution-independent, often serving as
a foundation for later solution principles. Similar to functional structure, the product physical
architecture necessitates defining and investigating the physical interdependencies between the sub-
components. In alignment with the transformation of sub-functionalities into sub-solutions, the
product structure of a battery system can be delineated. Figure 2 illustrates a battery system product
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architecture. Please note that this figure provides a very simplified version, and the interdependencies
between components are not depicted.
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Figure 2: A simplified generic battery system product architecture.

Based on the derived product physical architecture depicted in Figure 2, the functional structure can
be defined. For each of the main system components, the high-level functions that the respective
component should fulfill are outlined (see Figure 3). Please note that this list of functionalities is not
comprehensive and should be viewed by the reader as a basic reference.
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Figure 3: A simplified overview of a function structure of a battery system architecture.

After defining the main functions depicted in Figure 4, each of the respective main functions is
subdivided into various functional design-relevant architecture requirements. The main functions,
especially in the case of Hardware (HW) and Software (SW) functionalities, must be divided into three
main subcategories: 1- Measurement; 2- Processing; and 3- Monitoring. It should be ensured that by
defining the respective design architecture requirements, the main function at the level above is fully
fulfilled, and the respective functionality is covered.

A battery system should ensure efficient and safe operation over the lifetime of the battery or its
respective application. Moreover, it should be capable of providing and accepting a specific amount of
power over a certain time-period.
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Figure 4: Interdependency of sub-functionalities to be covered to ensure the full functionality of main function.

The Electrical and Electronic (E/E) Architecture, which comprises several components, is responsible
for this latter functionality. In Figure 5, a simplified technology independent battery system E/E
Architecture including following main components, is shown [1]:
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Figure 5: Schematic illustration of a battery system Electric and Electronic Architecture [1]
Summary

In this short blog, I have attempted to elaborate on the importance and background of a
robust system architecture definition, using an automotive battery system as a reference.
However, the main process of system architecture definition and its main functions remain
mainly the same independent of the investigated application (with minor differences!). Even
though the full complexity and content of such a work product cannot be fully encapsulated
in a single article, I hope this has provided a useful introduction to the topic.
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