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SUMMARY 

⚫ A software-defined vehicle (SDV) is one in which control software can be continuously updated 

via wireless communication. The automotive industry is gradually shifting toward vehicle 

development based on the SDV concept. 

⚫ As post-shipment function additions and updates via wireless communication become more 

common and advanced, the scale and complexity of vehicle software are growing rapidly, shifting 

the focus of development from hardware to software. 

⚫ SDV adoption is driving a shift toward software-driven design by integrating previously separate 

electronic control units (ECUs). This allows automakers to generate new revenue opportunities 

through post-shipment feature offerings, but also compels strategic decisions regarding in-house 

development of software and integrated control, as well as collaboration partners. The automotive 

industry as a whole is now entering a phase of restructuring. 

1．  BACKGROUND OF SHIFT TO SDVS 

The automotive industry, described as undergoing a once-in-a-century transformation, continues to evolve 

through CASE1. The Software-Defined Vehicle (SDV) is gaining attention as the next step in this process. In its 

Mobility Digital Transformation (DX) Strategy, Japan's Ministry of Economy, Trade and Industry defines SDVs 

as vehicles equipped with OTA2 functionality that allows control system software to be updated. The ministry 

has set a target for Japanese OEMs3 to achieve a 30% share of the global SDV market between 2030 and 

2035.4 Whereas vehicle functions have been fixed at the time of shipment, software updates will allow new 

driving performance, safety features, and user experiences to be provided continuously going forward. 

This report first outlines the definition and background of SDVs, then explains how SDVs are transforming 

vehicle architecture and development processes, as well as their impact on OEMs and the automotive industry 

as a whole. 

  

 
1 Abbreviation of Connected / Autonomous (Automated) / Shared & Services / Electric 
2 Over The Air. Refers to technology that updates software and data via wireless communication. 
3 Original Equipment Manufacturer. In the automotive industry, this refers to a finished vehicle manufacturer that plans, develops, and 

produces automobiles, and sells them under its own brand. 
4 Source: “Mobility DX Strategy” Update for 2025 by the Ministry of Economy, Trade and Industry [in Japanese] (accessed 

December 10, 2025) 

https://www.meti.go.jp/policy/mono_info_service/mono/automobile/jido_soko/pdf/mobilitydxsenryaku2025.pdf
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1-1. GROWING VALUE OF SOFTWARE 

Vehicle value has historically been defined primarily by hardware such as the powertrain and body 

characteristics, which determine fuel efficiency and driving performance. In recent years, however, value has 

been shifting toward software, including driver assistance, HMIs5, in-vehicle operating systems, and connected 

services. Previously, with limited exceptions such as map updates, automotive functions were rarely updated 

after factory shipment. OTA has made it possible to add or update functions after delivery. Over the past few 

years, the number of models equipped with in-vehicle communication systems compatible with OTA has 

increased dramatically. Post-shipment feature additions and updates are now commonplace (Figure 1). 

 

 

1-2．  INCREASING SOPHISTICATION OF FUNCTION ADDITIONS AND UPDATES  

The functions being added or updated are expanding from areas not directly related to core driving behavior, 

such as running, stopping, and turning (for example, navigation and HMI), to areas directly linked, such as 

driver assistance. For example, companies like Tesla and Chinese OEMs have begun offering services that 

sequentially update driver assistance features via OTA. 

Areas of systems that control vehicle behavior are subject to strict safety requirements and verification under 

the ASIL6 defined by the international standard ISO 26262 (Figure 2). Systems must be designed to minimize 

risk to occupants in worst-case scenarios, which requires close coordination among the many ECUs7 and 

software components within the vehicle. As a result, the design of increasingly complex control systems and 

their meticulous verification are now conducted in automotive development. 

 
5 Human Machine Interface. A system that enables information exchange between humans and machines, such as vehicle displays. 
6 Automotive Safety Integrity Level. Functional safety refers to the concept of reducing risk to an acceptable level by introducing 

safety functions into systems that are inherently hazardous. 
7 Electronic Control Unit. Refers to components that have the ability to control other components in the vehicle. 
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1-3. INCREASE IN ECUS AND GROWING COMPLEXITY OF E/E ARCHITECTURE  

Each time new functions are added to enhance driver comfort and convenience, such as driver assistance or 

IVI8, the number of ECUs increases.9 ECUs require a wide range of input data from engines, sensors, cameras, 

etc., each with different characteristics. As the number of ECUs grows, E/E architecture10 becomes increasingly 

complex, and development timelines are extended accordingly. 

 

1-4. INCREASING BURDEN OF SOFTWARE DEVELOPMENT 

These changes are significantly increasing the scale and complexity of in-vehicle software, placing an 

unprecedented burden on software development departments at OEMs. However, fundamental solutions to 

these challenges are difficult to achieve through conventional efficiency improvements or incremental fixes 

alone. 

In response, there is a growing movement to restructure both vehicle architecture and the development 

approach itself to accommodate the optimal functioning of software. 

 

 

 

 
8 In-Vehicle Infotainment. Infotainment is a term made by combining "information" and "entertainment." 
9 As of 2020, vehicles can be equipped with as many as 150 ECUs. Cited from UNECE “UN Regulations on Cybersecurity and 

Software Updates to pave the way for mass roll out of connected vehicles.” 
10 Electrical/Electronic Architecture. Refers to the overall structural design of the electronic and electrical (E/E) system in a vehicle, 

consisting of ECUs, sensors, actuators, and the power and communication networks that connect them. 

https://unece.org/sustainable-development/press/un-regulations-cybersecurity-and-software-updates-pave-way-mass-roll
https://unece.org/sustainable-development/press/un-regulations-cybersecurity-and-software-updates-pave-way-mass-roll
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2. CHANGES BROUGHT BY SDVS 

2-1．  CHANGES IN VEHICLE COMPONENTS: TRANSITION FROM DISTRIBUTED 

CONTROL TO INTEGRATED CONTROL 

The number of ECUs will continue to increase, and in a distributed control model where they are arranged by 

function, each ECU must be individually adjusted whenever updates or expansions are made, making it difficult 

to optimize the system as a whole. As a result, a shift to an integrated control model is required, where ECUs 

are consolidated and reorganized to enable centralized control of the entire vehicle. 

One promising solution to this challenge is a hierarchical architecture with HPC11 at the top, combined with 

either function-based or zone-based integrated ECUs beneath (Figure 3). The HPC governs the overall control 

of the vehicle and coordinates the system in conjunction with the external cloud. Placing integrated ECUs 

organized by physical area or function directly below it streamlines the wiring that was previously connected to 

individual ECUs in a distributed control model, promising cost reductions and improved control efficiency. 

Function-based models offer clearly grouped functions and easier updates, while zone-based models are 

advantageous for simplifying wiring and reducing costs. Each approach offers distinct advantages. 

 

 
11 Abbreviation of High Performance Computing 
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However, the average vehicle lifespan in major markets exceeds 10 years12, during which the vehicle must 

continue to operate reliably under harsh conditions, including extreme temperatures and vibration. As a result, 

there is a tendency to prioritize previous-generation SoCs13 that have a proven track record in terms of quality 

and reliability.14 

In some cases, this emphasis on proven components has become a barrier to adding or updating functions. 

For example, Tesla has responded to this issue by offering free replacements of older driver assistance ECUs 

with higher-performance FSD15 computers for customers who purchased FSD. In the near future, all OEMs will 

face the risk of hardware lagging behind software advancements, depending on the functions being added or 

updated. 

 

2-2. CHANGES IN VEHICLE DEVELOPMENT: SHIFT TO SOFTWARE-DRIVEN DESIGN 

To address the ballooning scale of software development, OEMs must undertake a structural transformation of 

the vehicle manufacturing process itself, centered on a shift toward software-driven development. Traditionally, 

vehicle development followed a sequence of product concept, target value setting, system design, component 

design, and part design. Hardware and software development also proceeded in parallel (Figure 4). 

However, because hardware requires advance preparation for mass production, specifications are finalized by 

working backward from the start of production. Software development continues beyond that point, but the 

specifications remain fixed to match the hardware, creating constraints during development. 

For example, even if new functions could be added through software updates, they cannot be implemented if 

the ECU lacks sufficient processing power or memory capacity. In this way, the conventional process 

fundamentally cannot handle such cases, and if major hardware modifications are required each time, 

opportunities to add or update functions in the future may be lost. 

As a result, in the SDV era, a shift to software-driven development is becoming necessary, where hardware is 

selected based on the assumption that software functions will be added or updated in the future. 

 
12 Also referred to as vehicle age. As of 2024, the average for passenger vehicles and light trucks is said to be around 12.6 years in the 

US and over 12 years in the EU. 
13 System on Chip. Refers to a semiconductor chip that integrates functions such as the CPU and memory, which were previously 

allocated to separate chips. 
14 Synopsys “Key Requirements for Automotive SoC Design” 
15 Full Self-Driving. This is the name of the driver assistance software offered by Tesla. As of the time of this report (December 

2025), it does not imply full autonomous driving. 

https://www.synopsys.com/blogs/chip-design/automotive-soc-design-4-requirements.html
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2-3．  CHANGES FOR OEMS: ESTABLISHING NEW REVENUE STRUCTURES  

These changes in vehicle architecture also have a significant impact on the revenue structures of OEMs. 

Traditionally, OEM revenue has centered on new vehicle sales and aftercare. However, a new business model 

is emerging in which revenue continues to accumulate through the addition and updating of functions even after 

the vehicle has been shipped. 

For example, in 2022, Mercedes-Benz announced that it had generated more than EUR 1 billion in revenue 

from software services such as navigation, live traffic information, and map updates, and expects further growth 

in the future.16 The company has also introduced subscriptions and one-time purchases for driver assistance 

software. 

Meanwhile, OEMs are still exploring revenue models that charge users to activate certain vehicle features. 

BMW launched a paid service for seat heater activation but later withdrew it following customer backlash.17 

Tesla, on the other hand, continues to offer its "Acceleration Boost" service, which improves acceleration 

performance for an additional fee. In both cases, the required hardware is already installed in the vehicle at the 

time of purchase, but customers must pay extra to unlock the function. Customer reactions have been mixed, 

and clear boundaries for what is acceptable have yet to be established. 

At the same time, SDVs offer a highly effective means of handling recalls. Recalls typically require customers 

to bring their vehicles in for service, and OEMs often bear the full cost of parts and labor, resulting in significant 

expenses. However, addressing issues through OTA updates can significantly reduce these costs, although 

additional procedures such as demonstrating effectiveness to regulatory authorities may still be required. In 

December 2023, Tesla addressed an autopilot-related recall involving approximately 2 million vehicles in North 

America through a software update.18 Typically, addressing a software-related recall through dealer visits rather 

than OTA costs an estimated USD 300 to USD 500 per vehicle. Using the lower estimate of USD 300, this recall 

 
16 Source: Mercedes “Software architects” 
17 Source: Forbes “BMW Drops Controversial Heated Seats Subscription, To Refocus On Software Services” 
18 Source: NHTSA “Part 573 Safety Recall Report” 

https://group.mercedes-benz.com/investors/events/2023-02-mercedes-benz-group-strategy-update.html
https://www.forbes.com/sites/alistaircharlton/2023/09/07/bmw-drops-controversial-heated-seats-subscription-to-refocus-on-software-services/
https://static.nhtsa.gov/odi/rcl/2023/RCLRPT-23V838-8276.PDF
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would have cost as much as USD 600 million.19 While the exact cost savings from OTA have not been precisely 

calculated, it is clear that the financial impact is enormous. 

In this way, SDVs not only create new revenue opportunities but also help reduce costs in the event of a recall, 

offering significant advantages for OEMs. 

 

2-4．  CHANGES IN THE AUTOMOTIVE INDUSTRY: POLARIZATION BETWEEN IN -HOUSE 

DEVELOPMENT AND EXTERNAL COLLABORATION 

OEMs are currently undergoing a shift in their collaborative frameworks. Companies like Tesla are moving 

toward in-house development of HPC and integrated ECUs to shorten development cycles and reduce costs. 

Meanwhile, many other OEMs are exploring new collaborative relationships centered on HPCs and integrated 

ECUs by partnering with major suppliers and semiconductor manufacturers, in line with their own strategic 

direction (Figure 5). The automotive industry is now entering a period of restructuring centered around SDVs. 

 

 

 

3. FUTURE PROSPECTS 

With the growing burden of software development in today’s automotive industry, the shift to SDVs has become 

inevitable, and competition in this area will only intensify. The transformation driven by SDVs closely mirrors the shift 

from conventional mobile phones to smartphones. Japanese OEMs must learn from the hard lessons faced by 

Japanese mobile phone makers, who fell behind in global competition, and urgently reassess their current supplier 

relationships to avoid repeating the same mistakes. The speed at which they can pivot to a software-centric supply 

chain will be a key determinant of their future competitiveness. 

 
19 Calculated based on software recall data for the US provided by Sibros, (source: NHTSA). SIBROS “The Recall Notice” 
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