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EVOLUTION OF AUTOMOBILE INDUSTRY

Introduction:

Automobile technology has evolved significantly over the decades, transitioning from mechanical to Electro-Mechanical systems. The integration of electronic components like sensors, electronic keys, and control units has revolutionized vehicle functionalities. The importance of software in vehicles has grown, leading to the emergence of Software Defined Vehicles (SDV) and Service-Oriented Vehicles (SOVs). This booklet explores the journey of automotive technology, highlighting the shift towards electronic features, software advancements, and the consolidation of Electronic Control Units into High-Performance Computers for enhanced efficiency and performance.

Setting the context: Way Forward for the lecturers and Professors

What to Expect from this Booklet


	
		Insights on bridging the gap between academia and industry

		Understanding of the functioning of the Automobile Industry

		Guidance on enhancing final year projects for students

		Updates on the latest technologies

		Impact of Artificial Intelligence (AI) on daily life



Evolution of Automobiles

Automobile technology has seen a significant evolution over the decades. In the 1960s and 1970s, vehicles were predominantly mechanical. However, the shift towards Electro-Mechanical systems began in the 1980s, introducing sensors to improve combustion efficiency with precision injection of petrol and diesel. By the late 1990s and early 2000s, electronic components like electronic keys, immobilizers, keyless entry systems, and electronically controlled brakes were integrated. Tire pressure sensors and automatic climate control systems that adjust based on the desired cabin temperature were also introduced.

The importance of software in vehicles escalated with the integration of more electronic features. Electronic control unit Systems started communicating through networks such as Local Interconnect Network (LIN) and Controller Area Network (CAN). Software progress enabled re-flashing of the Electronic Control Unit using Flash Boot Loader (FBL). The inclusion of features like infotainment systems led to the emergence of faster networks like FlexRay, Media Oriented System Transport (MOST), and Automotive-grade Ethernet communication.

The fusion of traditional software development and information technology gave birth to Software Defined Vehicles (SDV). This concept, likened to a mobile phone on wheels, involves updating applications or firmware over the air (OTA) through methods like AOTA or FOTA, ensuring vehicles are always equipped with the latest software.

As vehicle functionalities expanded, the transition from mechanical to basic Electrical Electronic System architecture took place, resulting in a surge in the number of Electronic Control Units (ECUs). Modern vehicles typically house around 100 ECUs, a number that continues to grow. Silicon Valley startups introduced a solution by consolidating ECUs into High-Performance Computers (HPCs), leading to the creation of Service-Oriented Vehicles (SOVs). This innovative approach not only reduced the number of ECUs but also cut production costs and vehicle weight, ultimately boosting efficiency.

Evolution in a nutshell

The Initial communication systems in vehicle were based out of signal architecture and the current communication systems are based out of service-oriented architecture. With this transformation the distributed system computing become as central computing and cloud computing systems. The advantages with central computing is it lowered the number of electronic computing units and thereby reducing the harness length and weight of the vehicle. As we move towards next gen vehicle architecture safety and security are of paramount importance.

Reference Deloitte Whitepaper

Compare Traditional Vehicle to Software Driven Vehicle

Characteristics of traditional vehicle


	
		Operated by humans, the system depends on human senses and reflexesFeatures are determined during the hardware design phase and are set during the manufacturing process

		Limited connectivity with infotainment systems

		Basic Human Machine Interface (HMI)

		Maintenance encompasses mechanical repairs along with sporadic software updates



Characteristics of Software Defined Vehicle


	
		Utilizing software, sensors (RADAR, LiDAR), cameras, and AI algorithms, automated driving is made possible

		Features can be updated through Over the Air updates, enhancing performance, and addressing bugs. It stays current with software updates

		Advanced connectivity enables real-time data exchange through cloud-based services.

		A sophisticated interface featuring touch, voice, gesture controls, and augmented displays

		Maintenance involves routine software updates and periodic hardware inspections, including remote diagnostics



Software defined vehicle and Autonomous driving capabilities

Vehicles have evolved into a third living space, with individuals dedicating more time to traveling from Point A to Point B. The concept of autonomous driving presents a significant advantage, as it can minimize accidents and transform travel time into productive opportunities. This could involve participating in live video meetings, unwinding with the morning newspaper, and enjoying various other benefits. However, as the autonomy level advances, the system must ensure high reliability, leading to an increase in the cost of such vehicles due to the integration of multiple sensors like RADAR, LIDAR, night vision cameras, and ultrasonic sensors. Presently, cars are equipped with features such as automatic parking and assistance in parallel parking. Some examples of autonomous driving features include Cruise Control, Adaptive Cruise Control, Lane Departure Warning, Automated Emergency Braking, and Pedal Error Prevention, among others.

[image: Image]

Software Complexity

When discussing complexity, the automotive industry surpasses even the space shuttle, space telescope, and commercial airlines like Boeing in terms of lines of code. With the rise in lines of code, the complexity of testing also escalates. To meet quality standards, a thorough testing regimen including unit testing and integration testing is essential. Software vehicle lines of code are projected to potentially reach 500 million.

Reference Visual Capitalist

ERA of SDV

We reside in a Volatile, Uncertain, Complex, and Ambiguous (VUCA) world. Gen Z individuals increasingly anticipate having technologically advanced vehicles. Separating Hardware and Software Cycles has become crucial. The end user should have the ability to update the software according to the trim level chosen. For instance, when purchasing a car, they might initially opt for basic audio features but later upgrade to premium audio solely through software updates. This process can be likened to updating an app on our mobile phones.

Reference ETAS Whitepaper and SDV O'Reilly Booklet
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	CASE MOBILITY

Introduction

The Mobility industry is driven by four key strategic areas encapsulated in the acronym CASE: Connected, Autonomous, Shared, and Electric. These pillars serve as the foundation for technological advancements that are reshaping the landscape of mobility. From enabling connectivity to fostering autonomy, the industry is witnessing a profound transformation fueled by innovative technologies. In this context, exploring the primary technology drivers, major trends, and motivations behind the CASE-inspired mobility transformations becomes essential. Additionally, understanding the scale and complexity of projects within these domains, particularly for Automotive OEMs like Stellantis, provides valuable insights into the industry's evolution. Moreover, the 3E model tailored for the Mobility industry and its partners offers a strategic framework to address the challenges faced by workforce, organizations, and ecosystems integral to the industry's functioning.

Current trends & technologies


	
		5G/6G driven V2X Connectivity platforms and solutions are shaping the future of automotive technology, enabling advanced communication between vehicles and infrastructure

		AI driven intelligent ADAS and Interior systems leverage Big Data from vehicles, passengers, and traffic to enhance safety and comfort, with a focus on AI & ML technologies including traditional machine learning, Deep Learning, and Gen-AI

		Electrified mobility is on the rise, driven by innovations in Li-ion, Solid-state, and Fuel cell Battery technologies, as well as revamped electronics architectures to support sustainable transportation

		Integrated digital platforms for shared mobility are incorporating cybersecurity and blockchain technology to ensure secure and efficient transportation services

		Data monetization through Data analytics, particularly for applications like Predictive Maintenance, is becoming increasingly important in the automotive industry

		Digital Twins are revolutionizing Automotive design, validation, and manufacturing processes by creating virtual replicas that enhance efficiency and accuracy



Activities/Scope of the area

The scope of applications of CASE is across all future automotive vehicle design and associated mobility services. The fast-emerging footprint of xEV's in all markets with customer demanding connectivity on the go and advanced safety, comfort and convenience features are highly impacted by the CASE technologies and their deployments. The customer is also climate conscious, demands efficient solutions to their mobility needs such as shared mobility solutions esp. in congested mega-cities and is also very digital savvy due to the smartphone and universal digitalization of daily services. All Engineering and manufacturing functions developing new vehicle programs will be impacted by the CASE technologies.

Skills


	
		Proficiency in software development with languages like Python, C++, and tools like MATLAB

		Expertise in dealing with Vehicle electronics systems

		Ability to work with a wide variety of Big Data generated by vehicles and their ecosystems, requiring Sensor Data Fusion

		Knowledge of Deep Learning, Computer Vision, and NLP algorithms

		Understanding of automotive systems electronic hardware and software

		Experience in development, testing, and cyber security of automotive systems

		Familiarity with Electrified propulsion and auxiliary systems used in automotive vehicles

		Skills in design, validation, and testing aspects related to automotive systems



Future opportunities

CASE technologies are and will be increasingly integral part of Automotive OEMs vehicle development programs. The opportunity to work on highly complex electronic systems as part of an automotive vehicle designs which emphasize green technologies, efficient energy consumption, intelligent systems and using eco-friendly products are all new and exciting areas for students to work on and make a resounding impact on society.
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	MARKET INTELLIGENCE

Introduction

In the realm of product management, various key areas demand meticulous attention and strategic planning. From long-term product planning encompassing new products and facelifts to life cycle actions involving updates on existing products, each facet plays a crucial role in shaping the success of a product. Market intelligence activities such as volume, pricing, and competition analysis, along with consumer research, provide valuable insights essential for informed decision-making. Moreover, the realm of cost and diversity management adds another layer of complexity, requiring a delicate balance to ensure optimal outcomes. These pillars collectively form the foundation upon which effective product strategies are built, guiding organizations towards sustainable growth and competitive advantage.

Current trends & technologies


	
		Customer Trends: Customers are increasingly prioritizing safety, belonging, online tutoring, entertainment, and health & wellness in their choices. This trend is shaping the development of products and services to meet these diverse needs effectively

		Automotive Technology: The automotive industry is focusing on advanced exterior and interior lighting solutions, safety features compliant with BNCAP/GNCAP standards, and the integration of Advanced Driver Assistance Systems (ADAS) to enhance driving experiences and safety

		Mobility Innovations: The mobility sector is witnessing a shift towards shared mobility services and subscription models for both Internal Combustion Engine (ICE) and Electric Vehicles (EV). This trends reflects a growing interest in flexible and sustainable transportation options



Activities/Scope of the area


	
		Lifecycle Planning for Product, tracking execution & readiness

		Customer, competition, market trends analysis

		Competition vehicles for features, tech, grade mix, and pricing strategy

		Customer Need analysis utilizing available data - consumer research, Acceptor/Rejector study etc.

		Complexity & Total Production cost optimization during product planning phase/Eco-marketing after launch

		Regular market visits to interact and take feedback from customers, Dealers etc. and incorporate in the product action brief

		Support launch readiness: Product book, Media drive, dealer training material etc.



Skills


	
		Product Knowledge and car passionate 

		1st level of engineering understanding 

		India Automobile Market Understanding 

		Future technologies knowledge (Hybrids, Electric, ADAS, Connectivity, Alt Fuel) 

		Financial Management 

		Market Intelligence 

		Market Research 

		Networking



Future opportunities


	
		Developing Volume/Price elasticity model

		Investment optimization for better program financials

		New technologies for India market: REEV (Range Extender)/ EV/HEV



These areas present exciting future opportunities for growth and innovation. By focusing on developing a robust Volume/Price elasticity model, businesses can gain valuable insights into consumer behaviour and market dynamics, enabling them to make informed pricing and volume decisions. Investment optimization for better program financials offers the potential to enhance financial performance and maximize returns on investments, paving the way for sustainable growth and success. Additionally, exploring new technologies such as REEV, EV, and HEV in the India market opens doors to cutting-edge advancements in the automotive industry, positioning companies at the forefront of technological innovation and environmental sustainability. Embracing these opportunities can lead to significant advancements and competitive advantages in the evolving business landscape.
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	CUSTOMER CENTRIC VEHICLE DESIGN

Introduction:

Vehicle life cycle engineering is a comprehensive approach that encompasses the design, development, and management of vehicles from their initial conception to their eventual disposal. This methodology focuses on ensuring optimal performance, sustainability, and safety throughout the entire lifespan of a vehicle.

Current trends & technologies

The current trends and technologies in the automotive industry include:


	
		Connected Vehicles: Real-time data sharing and connectivity for enhanced safety, efficiency, and convenience
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		Autonomous Driving: Utilizing artificial intelligence and sensor technology to automate vehicle operation
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		Electric and Hybrid Vehicles: Increasing adoption of electric and hybrid powertrains for reduced emissions and improved efficiency
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		Design: Emphasizing performance, efficiency, safety, security, durability, and reliability in vehicle design

		Sustainability & Environmental Impact: Focusing on reduced emissions, material efficiency, and energy consumption through innovative technologies

		Regulatory Compliance: Ensuring adherence to market requirements for safety, quality, and environmental standards



Activities/Scope of the area


	
		Concept & Design: This stage involves the generation of initial ideas, conducting feasibility studies, and progressing through design development to lay the foundation for the vehicle's creation

		Production and Manufacturing: Here, the focus shifts to the assembly process, rigorous testing procedures, and ensuring quality control measures are in place to guarantee a reliable end product

		Usage and Operation: Once the vehicle is ready, this stage encompasses activities related to driving, regular maintenance, and addressing any repair needs to keep the vehicle functioning optimally

		End-of-Life: In the final stage, decisions are made regarding the vehicle's fate, whether it involves recycling its components, proper disposal, or repurposing it for other uses



Skills


	
		Designing tool: digital modelling and simulation software

		Geometric dimensioning and tolerancing

		Multi fuel engine

		Electric and hybrid technology

		Chassis electronics: Tracing control system, electronic stability control, ABS

		Robotics & automation for manufacturing process

		Automotive IoT (Internet of Things) for connected cars

		Integrated approaches to project strategy

		Project Management tools

		Program scheduling and life cycle management

		Subject matter specialist

		Financial & budget management

		Risk, time, and team management



Internships/On Job Training:

Are you passionate about automotive technology and eager to dive into the world of vehicle maintenance, repair, and performance benchmarking? Look no further! We are offering internship positions that will allow you to gain hands-on experience in tear down & reassembly of vehicles and modules.

As an intern, you will have the chance to explore new automotive trendss such as AI, car-to-car communication, connected cars, ADAS, and more. Additionally, you will work alongside experts in MS Office, specializing in PowerPoint and Excel, to enhance your skills in data analysis and presentation.

Join us for a rewarding internship where you can participate in SAE events, learn from industry professionals, and contribute to cutting-edge projects. Take the first step towards a successful career in the automotive industry by applying for our internship program today!

 

Future opportunities

Connected Cars: Real-time data sharing and connectivity in vehicles offer a future opportunity for enhanced safety, efficiency, and convenience.

ADAS (Autonomous Driving): The integration of artificial intelligence and sensor technology in vehicles presents a promising future opportunity to automate vehicle operation.

Electric and Hybrid Vehicles: The increasing adoption of electric and hybrid powertrains signifies a future opportunity for reduced emissions and improved efficiency in transportation [image: Image]




	





	OVERVIEW OF BODY ENGINEERING

Introduction:


Designing and developing exterior trim parts for vehicles is a captivating process that involves several key steps. From the initial concept design to the final assembly and installation on the vehicle, each stage plays a crucial role in ensuring the quality, durability, and functionality of these essential components. Let's delve into the intricate journey of creating exterior trim parts that not only enhance the aesthetics but also contribute to the overall performance and safety of the vehicle.

Current trends & technologies

The current trend is focused on digital mock-ups, with validation being carried out through CAE analysis and digital DVPs. Mould flow analysis and stamping simulations are key components in this trend.

Activities/Scope of the area


	
		Fit and Finish: Ensuring precise fitting of the front fascia with other body panels and components by checking for gaps, alignment, and surface finish

		Structural Integrity: Testing the strength and durability of the fascia through impact tests to simulate collisions and ensure it can withstand minor impacts

		Aerodynamics: Evaluating the aerodynamic performance of the fascia using wind tunnel testing or computational fluid dynamics (CFD) simulations to enhance the vehicle's overall aerodynamic efficiency

		Thermal Management: Verifying that the fascia does not obstruct the vehicle's cooling systems by checking airflow to the radiator and heat exchangers

		Material Testing: Assessing the materials for UV resistance, corrosion resistance, and overall durability to ensure the fascia can endure various environmental conditions

		Regulatory Compliance: Ensuring the fascia meets safety and regulatory standards, including pedestrian safety regulations that require specific design features to minimize injury in collisions

		Aesthetic Validation: Reviewing the visual aspects of the fascia to ensure it aligns with the design intent and brand identity, including color matching, texture, and overall appearance

		Assembly and Installation: Testing the ease of assembly and installation of the fascia to ensure efficient and correct installation on the production line



Skills


	
		Z aerodynamic principles and computational fluid dynamics (CFD)

		Skills in prototyping, testing, stress analysis, and design validation

		Familiarity with automotive industry standards and regulations

		Strong project management skills

		Excellent problem-solving abilities

		Effective communication skills for collaboration and client interaction

		Attention to detail for high-quality design standards

		Innovation and creativity in designing exterior components



Future opportunities

In the future, the integration of Augmented Reality (AR) and Virtual Reality (VR) technologies in the design and development process presents a significant opportunity. These advanced technologies enable designers to visualize and test fascia designs in a virtual environment, leading to accelerated development timelines and enhanced precision. As AR and VR applications become more widespread, they offer a promising avenue for streamlining processes, fostering innovation, and ultimately revolutionizing the way products are designed and brought to market.
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OVERVIEW OF INTERIOR ENGINEERING

Introduction

Vehicle interiors play a crucial role as carriers, providing not only an aesthetic appeal to the occupants but also serving as an integral component of the driving experience. They seamlessly blend functionality, safety, and comfort to enhance the effectiveness of drivers in operating their vehicles.

Trends:


	
		Minimalistic Design: Emphasizing simplicity and functionality in product aesthetics

		Sustainable Materials: Increasing use of eco-friendly and recyclable materials in manufacturing

		Space Efficient Design: Optimizing space utilization for compact and versatile products

		Ambient Lighting: Integrating subtle and mood-enhancing lighting elements into designs

		Advance Safety Features: Implementing cutting-edge safety technologies to enhance user protection



Technologies:


	
		Injection Moulding: Utilizing this process for mass-producing intricate plastic components

		Sheet Metal Stamping: Forming metal sheets into desired shapes for various applications

		Painting: Applying coatings for protection, aesthetics, and branding purposes

		Welding: Joining metal parts together securely through fusion techniques

		Rapid Prototyping: Creating quick and cost-effective product prototypes for testing and validation



Activities/Scope of the area


	
		Styling of vehicle interior components

		Packaging of vehicle interior components

		3D designs for vehicle interior components

		Development of vehicle interior components

		Assembly of vehicle interior components

		Testing of vehicle interior components

		Launch activities for vehicle interior components



Skills


	
		Interior Components Know How

		CAD Software Proficiency (NX / Catia)

		Product Design and Material Knowledge

		Manufacturing Knowledge



Future opportunities


	
		Use of Sustainable Materials

		Personalization of Vehicle Interior Design

		Smart Safety Features

		Advance Connectivity Features



These aspects represent exciting future opportunities in the automotive industry. By focusing on sustainable materials, manufacturers can reduce their environmental impact and meet the growing demand for eco-friendly products. Personalizing vehicle interior design allows for unique and tailored experiences, catering to individual preferences and enhancing customer satisfaction. Smart safety features offer the potential to revolutionize road safety, utilizing advanced technologies to prevent accidents and protect passengers. Additionally, advanced connectivity features pave the way for seamless integration with other devices and services, creating a more connected and convenient driving experience. Embracing these opportunities can lead to innovative advancements and enhanced value for both manufacturers and consumers in the future.

[image: A red car parked in a garage

Description automatically generated]




	





	OVERVIEW OF CHASSIS ENGINEERING

Introduction

Chassis design and development play a crucial role in ensuring the structural integrity and performance of a vehicle. This involves creating various subsystem components like brakes, steering, suspensions, and more to meet specific requirements and regulations. The process includes conceptualizing customer needs, generating detailed models and drawings, and ultimately validating the components for optimal functionality Current trends & technologies

The current trends and technologies in automotive systems include:


	
		eBrakes: Incorporating e-boosters, EPB (Electronic Parking Brake), Motor on Drum, ADAS, and Regenerative braking for enhanced performance and efficiency

		EPS (Electronic Power Steering): Utilizing ESCL (Electronic Steering Control Lock), Column EPAS, Rack EPAS, and advanced steering mechanisms like Tilt & Telescope for improved control and comfort

		Electronically Controlled Active Suspension System: Featuring fewer moving parts and operating without fluid in the dampers for a smoother ride

		Materials Innovation: Embracing Cast Iron and Aluminium knuckles, Low Rolling Resistance tires, and Multilink Axles to enhance durability, reduce weight, and improve overall vehicle dynamics

		Emission Reduction: Implementing technologies to reduce brake emissions in alignment with Carbon Net Zero targets, focusing on sustainability and environmental impact



Activities


* Ensuring safety and dynamic performance through brake and tire management

* Designing and developing vehicle stability control systems like Brake system sizing, ESC, and ABS

* Steering optimization for smooth maneuvering

* Maximizing friction between tires and the road for steering stability and handling through the suspension system

* Maintaining comfort requirements, overall vehicle strength, and durability governed by Chassis



Scope


* Safety and dynamic performance requirements of the entire vehicle system

* Design and development of vehicle stability control systems

* Steering for enhanced maneuverability

* Suspension system for steering stability and handling

* Comfort, vehicle strength, and durability aspects managed by the Chassis team



Skills


	
		Basic Design Engineering knowledge

		2D Drawing and 3D model preparation

		Knowledge about global standards and regulations

		G D & T, Tolerance Stack up knowledge

		Basic Materials knowledge

		Basic data analysis skill

		Basic computer knowledge

		Fair communication skills

		Theory of Machines

		Design of machine elements

		Automotive chassis and body structures



Preferred Practical/Experimental work:


	
		MS EXCEL Proficiency

		3D CAD package

		Matlab/Simulink/AMESIM (Mathematical modelling)

		Root cause analysis tools



Internships/On Job Training:


	
		Projects on 2D drawings & 3D modelling

		Assembly

		Simulation and process knowledge



Collegiate Activities:


	
		SAE paper submission

		Internship projects

		Data analysis projects using statistical tools



Future opportunities

In the future, there is a promising opportunity to advance automotive technology by incorporating driverless technology, brake by wire, steer by wire, and carbon fiber wheels for lightweight construction. This integration can lead to a seamless coordination of ESC/ADAS/EPAS systems with underbody chassis parts, ensuring the highest level of safety and delivering an excellent driving experience. The potential for complete integration of these components offers a pathway towards enhanced performance, efficiency, and innovation in the automotive industry.
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HOMOLOGATION AND REGULATION

Introduction

Vehicle regulation and compliance play a crucial role in the Indian automotive industry, ensuring road safety, reducing environmental impact, and meeting global standards. These regulations are essential for maintaining quality, protecting consumer interests, and promoting sustainable transportation. Adherence to norms like Bharat Stage Emission standards not only reduces pollution but also enhances overall vehicle reliability through safety mandates. Compliance with these regulations fosters innovation and competitiveness in the global market.

Current trends & technologies


	
		Current trends in automotive passenger vehicle regulations are shifting towards stricter emissions standards, driven by the global push for electric vehicles (EVs) to combat climate change

		Safety regulations are advancing with the mandate for advanced driver assistance systems (ADAS) such as automatic braking and lane-keeping to enhance road safety

		The emergence of cybersecurity rules for connected cars is gaining importance to safeguard against potential data breaches in the digital age

		Efforts towards global harmonization of standards aim to streamline cross-border vehicle approvals and facilitate international trade in the automotive industry



 

Activities/Scope of the area

Emissions Regulations:


	
		Activities: Developing and certifying vehicles to meet stricter emission standards like Euro 6 or Bharat Stage VI. Testing engine performance, fuel efficiency, and pollutant levels

		Scope: Covers both internal combustion engine (ICE) vehicles and electrification strategies



Safety Regulations:


	
		Activities: Implementing features like ADAS, airbags, pedestrian safety measures, and crashworthiness tests. Design, testing, validation, and compliance with regional and international safety norms like NCAP ratings 

		Scope: Includes hardware integration and software reliability.



Cybersecurity Regulations:


	
		Activities: Developing secure communication systems to prevent hacking in connected and autonomous vehicles. Testing of in-vehicle networks, secure software development, and compliance with standards like ISO/SAE 21434 

		Scope: Involves continuous monitoring and threat mitigation.



 

Global Harmonization:


	
		Activities: Aligning vehicle design, testing, and certification processes with international standards (like UNECE). Regulatory liaison, compliance audits, and testing across multiple jurisdictions.

		Scope: Vast, covering different vehicle types and markets globally



Skills

Emissions Regulations


	
		Powertrain Engineering: Knowledge of ICEs, EVs, hybrid systems, and fuel cell technologies

		Thermal Management: Expertise in designing systems for efficient heat dissipation in engines and EV batteries

		Environmental Testing: Proficiency in emissions testing, fuel efficiency optimization, and compliance with emission standards

		Materials Science: Understanding lightweight materials and sustainable manufacturing processes



Safety Regulations


	
		Systems Engineering: Ability to integrate ADAS and autonomous vehicle technologies into vehicles

		Mechanical Design: Expertise in crash safety, airbag systems, pedestrian protection, and vehicle dynamics

		Sensor Technology: Skills in radar, LiDAR, ultrasonic sensors, and camera integration for safety systems

		Software Engineering: Proficiency in software validation, simulation, and real-time control systems for safety-critical applications



Cybersecurity Regulations:


	
		Network Security: Knowledge of secure communication protocols (CAN, Ethernet) for in-vehicle networks

		Cryptography: Skills in encryption, key management, and secure data storage techniques

		AI and Machine Learning: Ability to implement AI-driven threat detection and defense systems

		Embedded Systems: Expertise in securing embedded systems and implementing over-the-air (OTA) updates



Global Harmonization:


	
		Regulatory Knowledge: Understanding of international vehicle standards (UNECE, ISO, etc.) and homologation processes

		Cross-Disciplinary Communication: Ability to work across engineering, legal, and regulatory teams

		Compliance Engineering: Expertise in testing and certifying vehicles for different markets

		Project Management: Skills in managing multi-market product launches, coordinating with global teams, and navigating regulatory audits



Future opportunities

Future opportunities in the automotive industry are vast and promising, driven by advancements in emissions, safety, cybersecurity, and global harmonization. The shift towards electric vehicles (EVs), battery technologies, and hydrogen fuel cells presents a growing demand for expertise in zero-emission mobility. Engineers have the chance to innovate energy-efficient designs, sustainable materials, and carbon-neutral manufacturing processes. Additionally, the rise of autonomous driving and vehicle-to-everything (V2X) communication opens doors for enhancing AI-driven driver assistance systems through sensor fusion, AI validation, and real-time data analysis. With vehicles becoming more connected and autonomous, the need for cybersecurity solutions is escalating, offering opportunities in developing secure communication systems, data encryption, and AI-based threat detection. Moreover, the globalization of the automotive industry calls for specialists in creating standardized frameworks to streamline compliance across regions, emphasizing the importance of international certifications and cross-border collaborations to meet global standards efficiently.
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	CBOM FLOW

Introduction:

BOM - Bill of materials or product structure is a comprehensive list that outlines the raw materials, sub-assemblies, intermediate assemblies, sub-components, final parts, and their respective quantities essential to produce a finished product.

Current trends & technologies

Codification systems :


	
		Genome is a SAP based ERP

		Other ERP (web or mainframe system-based tools with customized needs)



Engineering BOM:


	
		Enovia & Team centre - PLM based ERP (Product Lifecycle Management)

		Other ERP (web or mainframe system-based tools with customized needs)



Manufacturing BOM and parts ordering


	
		SAP based ERP (Systems, Application & Products in data processing)

		Other ERP (web or mainframe system based tools with customized needs)



New trends based on automation & AI flow:


	
		Excel macros-based tools

		Visual basics software-based tools

		AI based tools interfacing with the ERP modules for the accurate + automated output



 

Activities


	
		Bill of materials inputs consolidation

		Design inputs validation

		Creation of structure

		Engineering change approvals

		Release of BOM for the Industrial needs



 

Scope
The scope of the project includes consolidating bill of materials inputs, validating design inputs, creating a structured framework, obtaining engineering change approvals, and releasing the bill of materials to meet industrial requirements.

 

Skills


	
		Vehicle specification analysis

		Knowledge about vehicle parts

		Communication skills

		Analytical skills

		Soft skills (ERP/MS office/Basic AI)



Future opportunities


	
		Data Analytics: The future holds immense opportunities for leveraging data analytics to gain valuable insights, make informed decisions, and drive innovation across various industries. As businesses continue to digitize and collect vast amounts of data, the demand for skilled professionals who can analyse and interpret this data will only increase.

		Process Simplification through Basic AI Learnings: With advancements in artificial intelligence (AI) technologies, there is a growing potential to streamline processes, automate repetitive tasks, and enhance efficiency through basic AI learnings. Organizations that embrace these technologies will be able to optimize their operations, improve productivity, and deliver better customer experiences.

		Data Accuracy Methodologies: Ensuring data accuracy is crucial for making reliable business decisions and maintaining a competitive edge. Future opportunities lie in developing and implementing robust data accuracy methodologies that can enhance data quality, minimize errors, and increase trust in data-driven insights.

		Automobile Specification Knowledge: As the automotive industry continues to evolve with the introduction of electric vehicles, autonomous driving technologies, and connected cars, there will be a growing need for professionals with specialized knowledge in automobile specifications. Opportunities abound for individuals who can understand and work with the intricate details of modern vehicle technologies.
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	ENERGY MASS AERO & THERMAL (EMAT)

Introduction

EMAT, a crucial function of Physical Functional Design Integration (PFDI), plays a pivotal role in overseeing key attributes such as Fuel Economy/Range, CO2 emissions, vehicle performance, drivability, weights, cabin comfort, aerodynamics, powertrain cooling, and more. This specialized area demands specific technical skillsets, making it essential for students and faculties to grasp its significance in meeting industry requirements. Understanding EMAT is vital for gaining insights into the intricate demands of the automotive sector.

Current trends & technologies


	
		Electrification, alternative fuels, changing regulations, rising customer demands, and other factors are driving current trends in the automotive industry

		The shift towards electrification is gaining momentum, with more automakers investing in electric vehicles to meet environmental goals and consumer preferences

		Alternative fuels such as hydrogen and biofuels are also being explored as sustainable options to reduce carbon emissions and dependence on traditional fossil fuels

		Changing regulations around the world are pushing automakers to innovate and develop cleaner, more efficient vehicles to comply with stricter emission standards

		Rising customer demands for eco-friendly, connected, and autonomous vehicles are shaping the future of the automotive industry, driving advancements in technology and design



Activities/Scope of the area

Scope

The scope of the project includes the development of vehicle attributes such as physical validations, simulations, and performance management. This encompasses a comprehensive approach to enhancing the overall performance and characteristics of the vehicle through various activities.

Activities:


	
		Vehicle Attributes Development: This involves identifying key attributes that need improvement or optimization to enhance the vehicle's performance, safety, and efficiency.

		Physical Validations: Conducting physical tests and validations to ensure that the vehicle meets safety standards, durability requirements, and performance expectations.

		Simulations: Utilizing advanced simulation tools to model and analyze different scenarios related to the vehicle's performance, aerodynamics, and structural integrity.

		Performance Management: Implementing strategies to monitor and optimize the vehicle's performance metrics, including speed, fuel efficiency, handling, and overall driving experience. 



These activities collectively contribute to the development of a high-quality vehicle with improved attributes and performance characteristics.

 

Skills


	
		Detailed analysis skills

		Very good knowledge about engine cooling systems

		Aerodynamics expertise



Future opportunities


	
		Digitization to reduce the physical validations opens up new avenues for streamlining processes and increasing efficiency in vehicle development.

		Development of vehicles with alternate fuel & powertrain technologies tailored to customer requirements presents opportunities for innovation and market differentiation.

		Ensuring sustainable development with low emission vehicles not only aligns with environmental goals but also creates a competitive edge in the market.
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VIRTUAL ENGINEERING

Introduction

Virtual engineering plays a crucial role in the automotive industry, where a team of engineers focuses on validation and testing requirements of vehicles in the digital domain. This team delves into various subdomains such as digital concepts, safety, durability, NVH, CFD, and loads. By generating FEA models, conducting simulations, interpreting results, and engaging in correlation activities, virtual engineering is paving the way for complete digital testing and homologation without the need for physical prototypes.

Current trends & technologies

The current trends and technologies in automotive engineering include the increasing use of AIML techniques. The demand for faster and more accurate results through digital methods has led to the rapid adoption of AIML technology in the automotive sector. Additionally, Digital Twin models are being utilized throughout the manufacturing lifecycle, from design and planning to maintenance, allowing real-time monitoring and performance analysis. Virtual sensors, which are software-based models of physical sensors, simulate sensor behavior and generate readings without the need for physical hardware. Another emerging trend is the development of enhanced digital models in biomechanical engineering to represent the human body more effectively.

 

Activities/Scope of the area


	
		Benchmarking: The activity involves studying current market offerings for a specific feature and proposing it in vehicle models with optimized cost and performance. The scope includes researching and analysing various products in the market to enhance the feature offerings in vehicle models

		Model Build: This activity focuses on creating models for different domains using morphing techniques. The scope encompasses developing models that are tailored to specific domains and utilizing advanced morphing techniques to achieve desired outcomes

		Simulations: Conducting FEA simulations and analysing results for different domains. The scope involves performing Finite Element Analysis (FEA) simulations to simulate real-world scenarios and analysing the results to gain insights into the behaviour of systems in various domains

		Methods Development: This activity involves identifying new methods to optimize lead time and improve result accuracy within a shorter timeframe. The scope includes researching and implementing innovative approaches to streamline processes, reduce lead time, and enhance result accuracy for better efficiency



 

Skills


	
		Strong analytical and logical thinking skills

		Strong basics of Strength of materials and Applied mechanics

		Test data analysis and root-cause analysis

		Exposure to data acquisition systems

		Exposure to different test and homologation requirements

		Introduction to automotive design cycles

		FEA software exposure:



	
		preprocessors like ANSA and HM

		Solvers like Abaqus, Lsdyna, Nastran

		Postprocessors like Meta post and Hyper works



Future opportunities

In the future, there are exciting opportunities emerging in various fields such as electrification, ADAS, artificial intelligence, machine learning, development of new materials, biomechanical engineering, and IoT in vehicles.

The automotive industry anticipates a significant shift towards electrification by 2030, presenting a vast opportunity for innovation and growth in electric vehicle technology. Advanced Driver Assist Systems (ADAS) and self-driven cars are paving the way for safer and more efficient transportation systems.

The integration of artificial intelligence and machine learning in automotive technologies opens doors for enhanced automation, predictive maintenance, and personalized driving experiences. The development of new materials with noise-absorbent properties, low drag coefficients, and high energy absorption capabilities offers possibilities for creating more efficient and sustainable vehicles.

Biomechanical engineering advancements in creating accurate human body models enable better simulation and understanding of human behaviour in various scenarios, leading to improved safety measures and product design. Additionally, the utilization of IoT in vehicles for analysing driver data provides insights into driving patterns and behaviours, enabling the enhancement of driver support and security features.

Overall, these future opportunities signify a transformative era in the automotive industry, where innovation and technology converge to shape the future of mobility towards safer, more efficient, and sustainable solutions.
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	VEHICLE DYNAMICS

Introduction

Vehicle dynamics is a fascinating blend of science and engineering that plays a crucial role in delivering vehicles that captivate customers with an exhilarating ride experience, all while prioritizing safety, stability, security, and comfort. This intricate field involves developing the ride, handling, and braking behavior of vehicles to not only meet but exceed customer expectations, regulatory standards such as ADAS, ESC, brakes, and steering requirements, as well as internal benchmarks set by Stellantis.

Scope

The Vehicle Dynamics team focuses on ensuring the vehicle meets comfort, handling, braking, and steering performance requirements at the component, subsystem, and vehicle levels through virtual simulations. They then fine-tune components to ensure the physical car aligns with the target expectations set at the beginning of the program.

Additionally, the team tunes critical components in the car to maintain the highest level of safety standards in the vehicle. This includes systems like Electronic Stability Control (ESC), Advanced Driver Assistance Systems (ADAS), and Antilock Braking Systems (ABS).

Current Trends and Technologies


	
		Integration of ESC unit with Brake booster using 1Box/2Box solutions is a current trend in automotive technology, enhancing safety and performance

		Active/Passive Damper systems are being developed to meet an excellent level of comfort for vehicle occupants, improving the overall driving experience

		The extensive usage of AI/ML tools in data analysis is revolutionizing the automotive industry, providing best-in-class safety features like ADAS for drivers

		Upfront loading of all vehicle dynamics performance verification through Advanced Driving Simulators is becoming a standard practice to ensure optimal performance and safety

		Enhanced safety performance is achieved through ESC tuning for critical features such as Emergency Assist Braking, Active Roll Mitigation, and Passive Roll Stiffness using rheological fluid antiroll bars



Future Opportunities

Complete integration of ESC/ADAS/EPAS system with underbody chassis parts opens up exciting future opportunities for automotive technology. This seamless coordination promises enhanced safety measures and a thrilling driving experience, setting the stage for further advancements in autonomous driving and intelligent vehicle systems. The potential for achieving the highest level of safety, combined with excellent driving pleasure, paves the way for innovations that prioritize ease of operation and user convenience. As technology continues to evolve, these integrated systems will likely play a key role in shaping the future of transportation, offering a glimpse into a world where vehicles are not just modes of transport but intelligent companions on the road.

Skills


	
		Preferred Coursework: Vehicle dynamics, Theory of Machines, Design of machine elements, Signal processing fundamentals, and Automotive chassis and body structures

		Preferred Practical/Experimental Work: Proficiency in MS Excel, 3D CAD package, MATLAB/Simulink/AMESIM (Mathematical modelling)

		Internships/On Job Training: Exposure to inspection, assembly, and maintenance of an Automobile

		Collegiate Activities: Active participation in SAE student competition events like BAJA, e-Baja, Supra SAE, and Effi-cycle. Participation in student competition events by other organizers like Formula Bharat, GoKart, etc.
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	VEHICLE PERFORMANCE AND VALIDATION

Introduction

Vehicle Performance Validation is an integral part of the Engineering Team, responsible for ensuring the physical validation of vehicles to meet functional performance standards across various environmental conditions. This validation process incorporates both subjective and objective assessment methodologies, conducted in real road scenarios, controlled environments, and extreme conditions. Ultimately, this meticulous validation approach aims to deliver a robust product that meets the expectations of customers.

 

Current trends & technologies

The current trends in validation methods involves a shift towards utilizing advanced simulation techniques to capture vehicle loads before physical validation. This approach significantly reduces validation time and allows for a more focused analysis of key areas. Instrumentation, supported by advanced data capturing and analyzing tools, plays a crucial role in this process by enabling engineers to monitor live data remotely and track progress. Additionally, the increased data capturing creates a valuable database for designers to enhance the design robustness further. Furthermore, the integration of the latest technology sensors empowers validation engineers to predict failure modes accurately and gain a detailed understanding of performance aspects.

 

Activities in Performance Validation:


	
		On Road Vehicle Fleet:



Conduct extensive on-road mileage accumulation to capture issues.


	
		Functional Validation:



Select a particular function (e.g., HVAC, Electrical, ADAS) and create a detailed test method to ensure product performance aligns with design and market requirements.


	
		Accelerated Validation:



Replace some long lead testing with accelerated validation by defining and testing a severe case that replicates actual long lead tests.


	
		Extreme Case Testing:



Simulate extreme geographical/climatic conditions unique to each market (e.g., high altitude, humidity, floods) and test for product robustness.


	
		Product Quality Validation:



Validate product quality similar to product design by addressing unique customer concerns, previous quality issues, and critical parts.

Skills


	
		Understanding of Different Functional Performance of Vehicle

		Ability to Understand the Vehicle Performance with reference to Customer Needs, Market needs, and Design Considerations

		Exposure towards Design and Simulation Process to correlate Physical with Digital Validation

		Excellent Driving Skills to Validate in Different Conditions



Future opportunities

In the realm of vehicle development, future opportunities lie in enhancing product robustness and meeting the increasing demand for new technologies from customers. The evolution of vehicle validation methods aims to capture and improve product durability before market release.

One promising avenue is the creation of test conditions tailored to diverse geo-climatic conditions, such as those found in countries like India. This presents a challenge for designers and validation engineers to ensure products are suitable for extreme environments.

The trend towards minimizing physical validation lead time and costs involves the adoption of more stringent simulation techniques. Advancements in vehicle load capturing, especially in different terrains, are enabling the capture of more data points for simulation purposes.

Moreover, the integration of new technologies like ADAS and connectivity necessitates the development of advanced validation techniques to guarantee optimal functional performance in various markets. Embracing these opportunities will drive innovation and efficiency in the automotive industry.
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	PROPULSION SYSTEM - PRACTICAL ASPECTS

Introduction

In the realm of engineering and design, a comprehensive understanding of components, topologies, and design objectives forms the foundation for creating innovative solutions. Simulations play a crucial role, spanning multi-physics and multi-fidelity levels with dedicated tools to ensure accuracy and efficiency. The realm of controls encompasses V-cycle, Autosar, and V&V methodologies, essential for achieving optimal system performance. Safety considerations cover mechanical, thermal, electrical aspects, along with software elements to guarantee robustness. Practical aspects such as dependencies, constraints, external factors, and error margins further shape the landscape of engineering endeavours.

Current trends & technologies


	
		Overview: The current trend in automotive technology revolves around electrification and hybridization, aiming to enhance fuel efficiency and reduce emissions. This shift towards cleaner energy sources is a key focus in the industry

		Simulations: Advanced simulations are being used, including co-simulation for coupled physics, high-performance computing (HPC) with GPUs, and the integration of artificial intelligence (AI) and machine learning (ML) to develop fast yet accurate reduced-order models. These technologies are revolutionizing the design and testing processes

		Controls: The adoption of adaptive AUTOSAR architecture, zonal controls, and extensive use of xiL (MIL/SIL/HIL/PIL) testing methods are shaping the development of sophisticated control systems. These innovations are crucial for ensuring optimal performance and safety in modern vehicles

		Safety: Improvements in battery chemistry, software diagnostic strategies, and the implementation of stricter regulations and standards are enhancing vehicle safety. These advancements are essential for building trust in new technologies and ensuring the well-being of drivers and passengers

		Practical Aspects: The industry is focusing on modular and scalable design approaches, concurrent engineering practices, and harmonized development processes. These strategies enable efficient collaboration, faster time-to-market, and the creation of innovative and competitive products in the automotive sector



Activities/Scope of the area


	
		Overview: Design, develop components, and deliver the integrated PWT to the vehicle team to meet design objectives

		Simulations: Prepare, execute, and analyse simulation models for practical use cases and correlation

		Controls: Conduct architecture and objectives study, design algorithms, generate code, perform V&V, and analyse issues

		Safety: Ensure design for safety and compliance with all mandatory and internal standards and best practices

		Practical Aspects: Manage projects and facilitate cross-functional collaboration



Skills


	
		Simulations: Domain knowledge (understand the physics), SW/tools knowledge (understand the syntactics, buttons and inputs/outputs)

		Controls: Plant knowledge, controller HW+SW knowledge, xiL tools and methods

		Safety: Functional Safety (FuSa) standards and artifacts, Design concepts for chemical, thermal, mechanical and electrical safety, New tech evolution (power electronics, battery chemistry, cooling system layouts)



Future opportunities


	
		Multi-energy Powertrains: Future opportunities lie in developing powertrains with a lower carbon footprint, paving the way for more sustainable transportation solutions

		Cloud-based Simulations: Enhancements in cloud-based simulations offer the potential for more advanced and efficient testing methods, revolutionizing the development process

		Flexible Architecture: The adoption of a flexible architecture for variant management opens doors to improved customization and adaptability in the ever-evolving automotive industry

		Universal Safety Standards: The future holds the promise of universal safety standards, ensuring consistency and reliability in vehicle safety across different regions and regulatory bodies

		Self-diagnosing Powertrains: Self-diagnosing and self-mitigating powertrains present an exciting opportunity for autonomous maintenance and enhanced reliability in vehicle performance

		Practical Innovation: Embracing high-quality, faster-to-market, and cost-effective ideas will drive innovation and competitiveness in the automotive sector, shaping a dynamic future landscape
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	PROPULSION SYSTEM - VIRTUAL ENGINEERING

Introduction

The Propulsion System Virtual Engineering Team engages in a range of simulations to assess and enhance various aspects of the propulsion system. These simulations include Durability, NVH, CFD, and System simulations, each serving a specific purpose in evaluating and optimizing components and systems. Structural simulations focus on durability and sealing assessments, while NVH simulations target the performance of Powertrain and Driveline. System simulations aid in the selection and sizing of PRS components, and CFD simulations evaluate the performance of key systems like the Air Induction System, Exhaust System, and After treatment system.

Current trends & technologies

The current trends and technologies in engineering include the extensive use of advanced FEA software for predicting failures in various systems. Additionally, there is a growing focus on Flexi Fuel and Hydrogen combustion engines, as well as advancements in Battery technology, Electric Drive Modules, Electromagnetics, and eBEAM systems. Moreover, the development of Hydrogen fuel cells is gaining momentum as a sustainable energy solution. These innovations reflect the ongoing efforts to enhance efficiency, sustainability, and performance in engineering applications.

 

Activities/Scope of the area


	
		The Propulsion Virtual Engineering team ensures propulsion performance at system, subsystem, and component levels through virtual simulation

		They provide design enablers to meet program-specific targets

		The team conducts numerous tests for simulation correlation to enhance simulation procedures

		They perform Field Failure Analysis using CAE tools



 

Skills

Preferred Coursework: Vehicle dynamics, Theory of Machines, Design of machine elements

Preferred Practical/Experimental work:


	
		MS EXCEL Proficiency

		3D CAD package

		MATLAB/Simulink/AMESIM (Mathematical modelling)

		ABAQUS

		NASTRAN

		FEMFAT

		Fluent

		Star CCM

		Ansys Maxwell

		Actran



Future opportunities

The future presents exciting opportunities for advancements in technology, particularly in the areas of changing technologies like batteries, EDM, fuel cells, and hydrogen combustion. The integration of AI and ML into synthesis processes opens up new possibilities for innovation and efficiency. These developments have the potential to revolutionize industries, improve sustainability, and enhance the way we interact with technology. Embracing these opportunities can lead to groundbreaking discoveries and transformative changes that benefit society as a whole.
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PROPULSION SYSTEM CONTROL VERIFICATION AND VALIDATION

Introduction

To ensure the quality and reliability of a product, Verification and Validation processes are essential steps taken prior to production. These processes involve creating various test scenarios and conducting tests at different levels, including bench level, Hardware in the loop level (simulated environment), and vehicle level. Both verification and validation phases encompass functional testing, diagnostics testing, SW readiness tests, and more.

Current trends & technologies


	
		Hardware in the Loop Testing: The current trend in technology involves utilizing Hardware in the Loop testing to simulate various real-time scenarios. This approach allows for comprehensive testing of hardware components in a controlled environment, ensuring optimal performance under different conditions

		Diagnostics Testing: Another key aspect of current technology trends is diagnostics testing for fault codes. By forcibly injecting faults and meticulously verifying the system's response, engineers can ensure that the technology functions correctly and reliably, even in the presence of potential issues

		Change Contents Verification: In line with technological advancements, change contents verification has become a crucial step in ensuring the integrity and accuracy of data. By verifying changes made to content, organizations can maintain data quality and consistency, reflecting the current state of information accurately



Activities


	
		Creation of test scenarios based on requirements

		Testing the software to verify if it meets specified functions

		Identifying and documenting bugs or defects

		Generating an issue log for tracking and resolving identified issues

		Ensuring the correction of bugs in upcoming software releases



Scope

The Verification and Validation team's scope includes:


	
		Creating test scenarios aligned with requirements

		Testing software functionality to ensure it meets intended functions

		Documenting identified bugs and defects

		Managing an issue log for tracking and resolving issues

		Ensuring software quality by eliminating defects before production release



Skills


	
		Preferred Coursework: Automotive electronics, battery systems, charging systems, electric powertrain systems, Communication protocols

		Preferred Practical/Experimental Work: MS EXCEL Proficiency, Automation, MATLAB/Simulink



Future opportunities

Integrated testing through artificial intelligence presents a promising future opportunity to significantly reduce the number of defects leaked out of the validation team. By leveraging AI in testing processes, organizations can enhance efficiency, accuracy, and overall quality assurance. This advancement holds the potential to revolutionize how testing is conducted, leading to more robust and reliable software products. Embracing AI in integrated testing can pave the way for a streamlined and proactive approach to defect detection and resolution, ultimately improving the overall software development lifecycle.
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	PROPULSION SAFETY

Introduction

Safety is a paramount consideration in the realm of Electric Vehicles (EVs), given the high voltage and current involved, which can pose fatal risks to occupants and individuals in proximity if proper safety protocols are not adhered to. Implementing stringent safety standards, such as ISO 26262, during the design of EV components is imperative to ensure the well-being of all involved.

Current trends & technologies

The current trend in the electric vehicle (EV) world revolves around the development of high-voltage (HV) battery technologies capable of storing high energy and enabling fast charging. Additionally, there is a focus on the advancement of safety features and strategies for HV component software to facilitate communication among different high-voltage components. This push is largely driven by global governmental initiatives aimed at enforcing stricter emission norms, which in turn are compelling original equipment manufacturers (OEMs) to transition towards electrification.

Activities/Scope of the area

Power electronics plays a significant role in Electric Vehicles (EVs) by managing the electrical power stored in high-voltage (HV) batteries. The scope involves processing power from one level to another before supplying it to motors for propulsion. The activity includes designing a robust and intelligent Power Circuit Board (PCB) to deliver the required power to the motor and efficiently handle the power generated during the regeneration process to charge the HV batteries.

Skills


	
		High Voltage Safety

		Circuit design for HV components

		Knowledge of Functional safety/ISO 26262

		Design and Development of Power Electronics components



Future opportunities


	
		Enhanced EDM Sizing for Various Vehicle Applications: Future opportunities may involve further optimizing EDM sizing for EV/PHEV/HEVs/REEV to improve efficiency and performance in electric vehicles

		Innovative Safety Features in Power Electronics: The future holds potential for developing even more advanced safety features in power electronics using SiC applications, enhancing the overall safety standards in electric vehicles

		Advanced Design for Safety in V2X Features: There are opportunities to continue designing V2X features with a strong focus on safety, ensuring robust communication and interaction between vehicles and infrastructure

		Occupant Safety in EV Crash Events: Future advancements could focus on implementing cutting-edge safety measures to enhance occupant protection during crash events involving electric vehicles

		Evolution of Robust Charging Equipment Technology: The future may bring about the evolution of charging equipment technology with even more sophisticated safety features integrated into the system, ensuring safe and efficient charging processes

		Progress in Designing for ASIL Level Safety: Opportunities lie ahead in further refining the design processes to achieve higher ASIL level safety standards, ensuring the utmost safety in automotive systems and components
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EC3 PROPULSION SYSTEM

Introduction

Electrification has become a prominent technology in the automotive industry, particularly in India where a significant percentage of two and four-wheelers sold are Battery Electric Vehicles (BEVs). Despite this growth, there remains a lack of understanding surrounding the operational parameters and engineering approach to developing electrified powertrains. This gap often leads to challenges such as over or under engineering, impacting product cost, warranty expenses, and even safety. Striking the right balance is crucial for creating a powertrain that is safe, reliable, cost-efficient, and high-performing. The eC3 case study by Stellantis delves into this balance, challenging conventional engineering assumptions and introducing innovative solutions to optimize electrified powertrain development.

Current trends & technologies

The current trend in technology emphasizes the importance of the development methodology. It is crucial to understand, adapt, and evolve by following a development approach that:


	
		Keeps the customer at the centre of every decision

		Constantly encourages engineering teams to take a holistic view of a program.

		Establishes strong boundary conditions based on robust market, environmental, and regulatory studies

		Defines the specifications of a product at the start of a program but is agile enough to revise them based on evolving requirements, technologies, processes, or understandings

		Remains cost-effective with short lead times by striking the right balance between virtual engineering and physical validation



 

Activities/Scope of the area


	
		Right sizing and powertrain performance matching: Improving system efficiency to achieve more range and receiving positive feedback from customers on real-world range

		Natural air-cooled battery pack: Enhancing safety and reducing costs through the implementation of a natural air-cooled battery pack

		Optimised High Voltage architecture: Reducing sensor redundancies while maintaining ASIL level to lower costs and complexity

		Extensive use of HIL & MIL (Machine-in-Loop): Utilizing HIL & MIL for multiple controls validation iterations, significantly reducing risky, extensive, and expensive testing processes



Skills


	
		HV safety

		Functional safety

		Controls

		Power electronics

		Advanced semi-conductors

		Energy management



Future opportunities


	
		The future opportunities for electric vehicles in India are vast and promising. 

		With a growing focus on sustainability and reducing carbon emissions, the demand for electric vehicles is expected to rise significantly in the coming years

		Government initiatives such as the Faster Adoption and Manufacturing of Hybrid and Electric Vehicles (FAME) scheme provide incentives for the adoption of electric vehicles, creating a favourable environment for growth

		The development of charging infrastructure across the country is another key opportunity that will support the widespread adoption of electric vehicles

		As technology advances, electric vehicles are becoming more affordable, offering a cost-effective and environmentally friendly alternative to traditional vehicles

		Collaboration between automakers, technology companies, and government bodies will play a crucial role in driving innovation and expanding the electric vehicle market in India

		Overall, the future looks bright for electric vehicles in India, with ample opportunities for growth, innovation, and sustainability
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	EE ARCHITECTURE

Introduction:

Electrical and Electronic (E/E) architecture plays a pivotal role in modern vehicles, especially as the automotive industry shifts towards software-defined vehicles (SDVs). This architecture is intricately designed to elevate connectivity, functionality, and user experience by integrating advanced software. Within vehicles, the E/E architecture encompasses sensors, actuators, control units, and other hardware components, defining its integration with hardware, software, and communication channels.

Current trends & technologies

Centralized architectures are a current trend in vehicle technology, where powerful vehicle computers are replacing multiple ECUs. This shift not only simplifies the architecture but also enhances security and reduces costs associated with materials and wiring. Additionally, the introduction of domain controllers managing specific functional areas within the vehicle, such as powertrain and infotainment, is becoming increasingly popular. These domain controllers act as intermediaries between ECUs and a central gateway, facilitating seamless communication across different domains. This advancement in technology is revolutionizing the automotive industry by streamlining operations and improving overall efficiency.

 

Activities


	
		Development of Zonal Computers

		SW Consolidation and OTA (Over The Air) updates

		Cybersecurity considerations

		Requirement Engineering and Validation Processes



Scope
The scope of the project includes the development of zonal computers, consolidation of software with Over The Air updates, addressing cybersecurity considerations, and implementing requirement engineering and validation processes. This encompasses a comprehensive approach to ensuring the efficiency, security, and functionality of the systems being developed.

Skills


	
		Proficiency in embedded networked computer systems, system topologies, components, and interfaces

		Expertise in network communication design and protocols like CAN, CAN-FD, LIN, and Automotive Ethernet

		Knowledge of communication protocols such as WiFi, 4G/5G, and V2X connectivity

		Ability to create electrical diagrams for EE systems across various domains



 

Future opportunities


	
		Enhanced Customer Experience: Future opportunities in electrical and electronic architecture lie in further enhancing customer experience through personalization, artificial intelligence (AI), and advanced data utilization. This includes tailoring products and services to meet individual needs and preferences, creating more intuitive and responsive systems, and leveraging data insights to optimize user interactions

		Autonomous Driving Capabilities: The future holds immense potential for advancing autonomous driving capabilities within electrical and electronic architecture. This includes the development of higher levels of autonomy such as Level 3 automation and the integration of Advanced Driver Assistance Systems (ADAS) to improve safety, efficiency, and overall driving experience

		Focus on Sustainability and Electrification: Another key opportunity for the future of electrical and electronic architecture is the focus on sustainability and electrification. This involves designing eco-friendly systems, promoting energy efficiency, and supporting the transition towards electric vehicles and renewable energy sources to reduce environmental impact and promote a greener future
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	WIRING HARNESS

Introduction

Wiring harnesses in cars play a crucial role as a network of insulated wires, connectors, and terminals that facilitate the transmission of power and signals throughout a vehicle. Serving as the central nervous system of the car, these harnesses enable seamless communication between essential components like the Engine, Transmission, and Electronic Control Modules.

 

Current trends & technologies


	
		CAD - Automated Tool Sets with Siemens (CAP H, NX Plug-ins): The current trend in CAD technology involves the use of automated tool sets integrated with Siemens software such as CAP H and NX plug-ins. These tools streamline the design process, enhance efficiency, and improve overall productivity in engineering and manufacturing industries.

		Dynamic Simulations - IPS, Predictive Tool in Early Design Phase: Dynamic simulations utilizing tools like IPS and predictive software are becoming increasingly popular in the early design phase of projects. These technologies enable engineers to simulate real-world scenarios, predict outcomes, and optimize designs before physical implementation, leading to cost savings and improved product performance.

		Wiring Harness Complexity Management - Finished  Adapted  Customer Specific Harness: Managing wiring harness complexity is a key focus in current technology trends. The ability to handle finished, adapted, and customer-specific harness configurations efficiently is crucial in industries where wiring plays a significant role, such as automotive and aerospace. Advanced tools and methodologies are being developed to address these challenges and ensure optimal harness design and integration.



Activities:


	
		Design Phases (Pre concept, Pilot, Production)

		Sourcing - Supplier selection

		Design Maturity - collaborated effort with Product Planning, Vehicle Architecture, Manufacturing, and extended Engineering functions

		Harness Supplier - Product Development cycle



Scope:


	
		Designing through various phases from Pre-concept to Production

		Selecting suppliers during the sourcing process

		Collaborating with Product Planning, Vehicle Architecture, Manufacturing, and extended Engineering functions to achieve design maturity

		Managing the product development cycle with harness suppliers



Skills


	
		Core Engineering knowledge in Electrical and Mechanical Domains

		Proficiency in Design Toolsets such as CAD (Unigraphics, CATIA, Pro-E, Team Center, etc.)

		Industry Exposure to Vehicle Assembly Plants and Supplier Manufacturing Plants through internships

		Experience in Product Development Lifecycle from Pre-Concept Designs to Part Development to Launch and Maintenance



Future opportunities

In the future, advancements in Automated Design & Validation will revolutionize the wiring harness industry by significantly reducing manual intervention. This innovation will eliminate the need for extensive physical testing and validation processes, streamlining the production of wiring harnesses. Moreover, the reduction in harness space and weight will not only enhance the efficiency of electrical systems but also contribute to overall vehicle performance and sustainability. Embracing these technological opportunities will pave the way for more agile and cost-effective wiring harness solutions in the automotive and aerospace sectors, marking a significant leap forward in the evolution of electrical systems design and manufacturing.
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	V-MODEL

Introduction

The V-model is a structured approach that illustrates the relationship between each phase of the software development life cycle. It divides the development process into two main branches: the left side representing Verification activities and the right side representing Validation activities. This model provides a clear path from initial planning and requirements gathering to testing and maintenance, ensuring a systematic and thorough development process for embedded systems.
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Current trends & technologies


	
		Micro controllers with huge memory are becoming increasingly popular in the tech industry, enabling more complex and advanced functionalities in various devices

		System On Chips for Large video sections are in high demand, allowing for seamless integration of video processing capabilities into a single chip, leading to enhanced performance and efficiency

		The adoption of Ethernet 10 GB for smooth video transition is on the rise, providing faster and more reliable network connectivity to support high-quality video streaming and transmission

		Cloud supported SW Reflash is a trending technology, offering the flexibility to remotely update software in devices through cloud services, ensuring efficient and secure software maintenance and upgrades



Activities


	
		Identifying the Controller Unit responsible for function control

		Defining Inputs, Enablers, and configurations for operation

		Addressing inhibitions and Load shedding mechanisms

		Implementing Network Management strategies

		Developing logic to support system operations

		Establishing procedures for trouble detection



Scope


	
		Specification development encompassing Controller Unit control

		Comprehensive consideration of Inputs, Enablers, and configurations

		Integration of inhibitions and Load shedding protocols

		Network Management strategies within the system

		Logic development to ensure seamless operations

		Trouble detection methodologies for efficient system maintenance



Skills


	
		Proficiency in C, C++, and MATLAB

		Experience in chip design and board bring up

		Knowledge of software life cycle management

		Familiarity with system methodologies

		Ability to work with tools like DOORS Next Gen and Rhapsody for requirements

		Strong control logic skills for embedded systems

		Understanding of hardware and software integration

		Capability to utilize tools and software specific to the field
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	EE VALIDATION

Introduction

The EE Validation team specializes in the system integration validation of Electrical and Electronic components within vehicles. Their expertise extends to testing on Hardware-in-the-Loop (HIL) systems, Printed Wiring Boards (PWB), and during the development phase of the vehicle.

Current trends & technologies


	
		Evolution of Automotive EE Architecture Approaches

		Advancements in Electric and Autonomous Vehicles

		Increased Use of Advanced Driver Assistance Systems

		Automatic Test Case Generation using Artificial Intelligence (AI)

		Cloud driven test execution

		Virtual validation

		Remote Validation



Activities in EE Validation


	
		System Integration Validation on System HIL, VHIL, and PWB

		Vehicle Validation

		HIL Simulator Model development

		HIL Test Bench Commissioning

		Test Case Preparation

		Test Automation



Scope of EE Validation:


	
		Ensuring system integration validation on various platforms

		Validating vehicles for electronic systems

		Developing HIL simulator models for testing

		Commissioning HIL test benches

		Preparing test cases for validation

		Implementing test automation processes



Skills


	
		Automotive EE Architecture Knowledge

		Knowledge in Network protocols like CAN, LIN, Ethernet, etc.

		Knowledge in Vehicle Diagnostics and UDS Protocol

		Familiarity with Vehicle features

		Experience in Testcase development

		Test automation techniques

		Knowledge on scripting languages like Python



 

Future opportunities


	
		Opportunities in EE System Integration Validation: Future roles may involve ensuring seamless integration of electrical and electronic systems within vehicles, enhancing overall functionality and performance.

		Diagnostic Validation: Exciting prospects lie in validating diagnostic systems to identify and address issues efficiently, contributing to improved vehicle reliability and maintenance.

		EOL Validation: Future opportunities may include End-of-Line validation tasks to guarantee that vehicles meet quality standards before leaving the production line, ensuring customer satisfaction.

		EE Model Development: Prospective roles may focus on developing advanced electrical and electronic models for vehicles, incorporating cutting-edge technologies for enhanced performance.

		HIL Bench Configuration and Commissioning: There are promising opportunities in configuring and commissioning Hardware-in-the-Loop benches to simulate real-world scenarios, aiding in the validation of vehicle systems.

		Virtual Validation: Future roles may involve conducting virtual validations to test and optimize vehicle functionalities in a simulated environment, paving the way for more efficient testing processes.

		Test Automation: Exciting prospects exist in automating testing processes to streamline validation procedures, increasing efficiency and accuracy in assessing vehicle functionalities.
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VEHICLE PROCESS ENGINEERING

Introduction

Vehicle Process Engineering plays a crucial role in the manufacturing community, overseeing the entire process engineering activities for new model developments. From program initiation to mass production, this function ensures product design feasibility, defines manufacturing strategies, and optimizes processes to achieve the right balance of cost, quality, and timing. Within this domain, various specialized functions like Stamping Engineering, Weld Process Engineering, Paint Engineering, General Assembly Engineering, Inbound Logistics Engineering, and Facility & Automation Engineering work together to bring vehicles from design to reality. Additionally, the integration of digital transformation technologies further enhances efficiency, productivity, and quality in production processes.
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Functions in Process Engineering

Stamping Engineering

Stamping Engineering involves confirming the formability of sheet metal. It encompasses the design, development, and optimization of metal stamping processes used to shape metal sheets into specific parts or components.

Weld Process Engineering (Body in White Process)

Weld process engineering is a crucial stage in automobile manufacturing where the sheet metal components of a car body are welded together to form the structure or chassis.

This process focuses on designing, optimizing, and managing the production process for the Body In White (BIW) structure. The primary goal is to ensure that the body meets stringent standards for safety, dimensions, quality, and cost efficiency while being produced in large volumes efficiently.

Paint Engineering

Paint process engineering involves the planning, development, and optimization of the paint application process in various industries, especially in automotive, aerospace, consumer goods, and manufacturing. It plays a vital role in product finishing by not only providing a protective layer but also ensuring an aesthetically appealing finish. The process includes applying coatings like primers, base coats, and clear coats while considering factors such as quality, durability, environmental impact, and cost-efficiency.

General Assembly Engineering

General Assembly Process Engineering focuses on planning, designing, optimizing, and implementing the final stages of product assembly in manufacturing. This process involves assembling various systems such as the body, engine, transmission, electrical components, and interior elements to create a fully functional vehicle.

Inbound Logistics Engineering

Inbound Logistics Engineering concentrates on optimizing the process of receiving, storing, and managing the flow of materials and goods from suppliers into a company. It is essential for ensuring that materials arrive in the correct quantities, at the right time, and in optimal condition to support manufacturing and production operations. This function combines supply chain management principles, process engineering, and lean logistics to enhance the movement of materials and improve efficiency.

Facility & Automation Engineering

Facility and Automation Engineering merge facility management principles with automation technologies to enhance the design, operation, and maintenance of industrial facilities. The focus is on integrating automated systems to boost energy efficiency, safety, productivity, and operational performance within a facility.

Digital Transformation in Process Engineering

Digital transformation in process engineering involves integrating modern digital technologies into traditional engineering processes to adapt to rapid market demands, enhance product quality, reduce costs, and accelerate new product launches.

This transformation aims to enhance efficiency, productivity, quality, and flexibility in production processes. By utilizing technologies like the Internet of Things (IoT), artificial intelligence (AI), data analytics, cloud computing, and automation, companies can optimize their operations, cut costs, and remain competitive in a rapidly evolving market.
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Current trends & technologies


	
		Regulatory and Compliance Awareness: Stay updated on the latest automotive industry regulations, including safety standards, emissions requirements, and environmental policies at both local and global levels. Compliance is crucial for ensuring that manufacturing processes align with legal standards.

		Sustainability and Green Manufacturing: Embrace sustainable manufacturing practices by focusing on reducing waste, optimizing energy consumption, and incorporating eco-friendly materials and processes in vehicle production. This trend reflects a growing emphasis on environmental responsibility in the automotive sector.

		EV and Hybrid Vehicle Technology: Dive deep into the realm of electric vehicles (EVs) and hybrid technologies to understand the unique manufacturing challenges and opportunities they present. With the shift towards electric mobility, expertise in this area is essential for staying competitive in the rapidly evolving automotive industry.



Activities


	
		Developing a deep understanding of automotive manufacturing processes including stamping, welding, painting, assembly, machining, and other production techniques.

		Utilizing Computer-Aided Design (CAD) and Computer-Aided Manufacturing (CAM) software to design vehicle components, manufacturing tools, and process layouts.

		Implementing lean manufacturing principles such as Six Sigma, Kaizen, and Just-in-Time (JIT) production to minimize waste, improve quality, and enhance efficiency.

		Applying knowledge of materials science to understand automotive materials like metals, composites, plastics, and their properties for manufacturing and vehicle performance.

		Using process simulation software like AutoMod, Simul8, or Tecnomatix, along with digital twins and other modelling tools, to simulate production lines and workflows.

		Ensuring quality control and standards compliance by utilizing quality management systems such as ISO/TS 16949, statistical process control (SPC), Failure Modes and Effects Analysis (FMEA), and Total Quality Management (TQM).



Scope


	
		Automotive manufacturing processes encompassing stamping, welding, painting, assembly, machining, and other production techniques.

		Expertise in CAD and CAM software for designing vehicle components, manufacturing tools, and process layouts.

		Familiarity with automated systems, industrial robotics, and programmable logic controllers (PLC) used in automotive production lines.

		Proficiency in lean manufacturing techniques like Six Sigma, Kaizen, and Just-in-Time (JIT) production to minimize waste and enhance efficiency.

		Experience with process simulation software, digital twins, and modelling tools to simulate production lines and workflows.

		Knowledge of automotive materials, quality management systems, and quality control techniques to ensure processes meet safety and quality standards.



Skills


	
		Mechanical and Electrical Engineering: Strong foundation in mechanical engineering principles, particularly in automotive systems like powertrain and chassis, along with basic knowledge of electrical systems, especially relevant with the emergence of electric vehicles (EVs).

		Design for Manufacturing (DFM) and Design for Assembly (DFA): Proficiency in optimizing vehicle designs for easy manufacturing and assembly while maintaining quality and functionality.

		Prototyping and Testing: Ability to manage or contribute to prototyping phases, test vehicle components, and conduct validation processes.

		Digital Manufacturing Tools: Understanding of Industry 4.0 technologies such as IoT sensors, real-time monitoring systems, and data visualization tools to enhance and oversee vehicle production processes.

		Artificial Intelligence (AI) and Machine Learning (ML): Knowledge of applying AI and ML for predictive maintenance, process optimization, and automation within automotive production lines.



 

Future opportunities

In the future, there are exciting opportunities in the realm of emerging technologies within vehicle manufacturing. Keeping abreast of advancements like 3D printing, advanced robotics, augmented reality (AR), and virtual reality (VR) will be crucial for tasks such as prototyping, training, and process optimization. Additionally, the ongoing electrification and rise of autonomous vehicles present a landscape where digital transformation and AI play pivotal roles. Understanding how these technologies influence the shift towards autonomous and electric vehicles, and their impact on production processes, will be key for professionals in the industry. These developments open up new horizons for innovation, efficiency, and progress in the automotive sector.
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	CUSTOMER EXPERIENCE MANAGEMENT

Introduction

Customer Centricity in the automobile industry is a strategic approach that places the customer at the core of all business operations and decision-making processes. It involves understanding the needs, preferences, and expectations of customers to tailor products, services, and experiences that meet and exceed their demands. By prioritizing customer satisfaction and building long-lasting relationships, automotive companies can drive innovation, improve brand loyalty, and ultimately achieve sustainable growth in a competitive market.

Current trends & technologies

Current trends and technologies in the automotive industry include autonomous driving, electrification, shared mobility, augmented reality, automotive electronics, AI, IoT, ADAS, and wireless technology.

Productivity


	
		Reducing wastes

		Streamlining processes

		Ensuring consistent outputs



Customer Satisfaction


	
		Maintaining high-quality products

		Ensuring service excellence

		Enhancing brand reputation



Work Culture


	
		Promoting quality awareness

		Encouraging continuous improvement

		Teamwork



Risk Management


	
		Identifying potential risks

		Implementing preventive measures

		Promoting safety and compliance



Quality Assurance Activities and Scope:

Establishing Procedures:


	
		Develop standardized processes to ensure consistency and quality in operations.

		Document procedures for various tasks to streamline workflows and reduce errors.



Ensuring Compliance:


	
		Conduct regular audits to verify adherence to quality standards and regulations.

		Implement corrective actions to address non-compliance issues and prevent recurrence.



Risk Identification & Mitigation:


	
		Identify potential risks that could impact quality or operations.

		Develop risk mitigation strategies to minimize the impact of identified risks on quality outcomes.



Quality Control Activities and Scope:

Monitoring Operation:


	
		Regularly inspect processes and outputs to detect deviations from quality standards.

		Use data-driven approaches to monitor key performance indicators and quality metrics.



Implementing Corrective Actions:


	
		Take immediate corrective actions when quality issues are identified.

		Analyze root causes of quality problems and implement solutions to prevent reoccurrence.



Ensure Product & Service Quality:


	
		Conduct quality checks at various stages of production or service delivery.

		Collaborate with relevant teams to address quality concerns and improve overall product/service quality.



Training & Development Activities and Scope:

Quality Standards Education:


	
		Provide training on quality standards, policies, and procedures to employees.

		Ensure that all staff members understand and comply with quality requirements.



Staff Training:


	
		Offer training programs to enhance employees' skills and knowledge related to quality.

		Provide continuous learning opportunities to keep staff updated on quality best practices.



Promoting Quality Culture:


	
		Foster a culture of quality within the organization through communication and recognition.

		Encourage employee involvement in quality improvement initiatives and decision-making processes.



Strategic Planning Activities and Scope:

Quality Goals Setting


	
		Define clear quality objectives and goals aligned with organizational priorities.

		Establish key performance indicators to measure progress towards quality goals.



Quality Improvement Strategies:


	
		Develop strategies to enhance quality processes and outcomes continuously.

		Implement quality improvement initiatives based on data analysis and feedback.



Performance Measurement:


	
		Monitor and evaluate performance against quality benchmarks and targets.

		Use performance data to identify areas for improvement and drive quality enhancements.



Skills


	
		Technical Skills: Quality Management System, SPC, Audit

		Management Skills: Planning & Organization, Decision Making, Delegation

		Communication Skills: Report Writing, Presentation Skills, Instruction Briefing

		Problem Solving Skills: Critical Thinking, Analytical Skills, Creative Thinking



Future opportunities


	
		Skills for multiple roles: As the automotive industry evolves towards greater customer centricity, there will be a growing demand for professionals with diverse skills. From customer service representatives to data analysts, individuals with a range of expertise will be needed to ensure a seamless customer experience.

		Skills for new technologies: With the rise of connected vehicles and autonomous driving technologies, there will be a need for individuals skilled in areas such as artificial intelligence, machine learning, and cybersecurity. These skills will be crucial in developing innovative solutions that prioritize customer needs and safety.

		Skills for better logistics: Improving logistics in the automotive industry can enhance customer satisfaction through faster delivery times and streamlined processes. Professionals with skills in supply chain management, inventory optimization, and transportation logistics will play a key role in meeting customer expectations.

		Skills for new products & Markets: As the industry introduces new products and enters emerging markets, there will be opportunities for individuals with skills in market research, product development, and international business. Understanding customer preferences and adapting products to meet diverse market needs will be essential for success.

		Skills for health and safety at work: Ensuring health and safety in the workplace is crucial for both employees and customers. Professionals with expertise in occupational health, safety regulations, and risk management will be in high demand to create a safe environment for all stakeholders in the automotive industry.
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SUPPLY CHAIN EVOLUTION

Introduction

Supply chain management has undergone significant transformations over the past century, adapting to the changing needs of businesses and consumers. In this document, we explore the evolution of supply chain practices, delve into the role of Supply Chain in Stellantis, examine various tools used along with insightful case studies, address the current and future challenges in the supply chain industry, and contemplate the exciting future prospects of supply chain management. Join us on this journey through the dynamic world of supply chain evolution.

Current trends & technologies


	
		Process Automations: One of the current trends in the supply chain industry is the increasing use of process automations. Companies are leveraging technologies like AI, machine learning, and robotic process automation to streamline and optimize various supply chain processes, leading to increased efficiency and cost savings.

		Scenario Analysis & Simulations: Another trend is the growing importance of scenario analysis and simulations in supply chain management. By using advanced analytics and modelling techniques, organizations can better anticipate and prepare for various scenarios, such as disruptions in the supply chain, enabling them to make more informed decisions and mitigate risks.

		End-to-End Visibility: Achieving end-to-end visibility across the entire supply chain is a key focus for many companies. By leveraging technologies like IoT, blockchain, and real-time tracking systems, organizations can gain real-time insights into their supply chain operations, enabling better decision-making, improved collaboration, and enhanced customer satisfaction.

		Data Analytics: Data analytics plays a crucial role in modern supply chain management. Companies are increasingly using big data analytics, predictive analytics, and prescriptive analytics to extract valuable insights from large volumes of data. This enables them to optimize inventory levels, improve demand forecasting, enhance supplier relationships, and drive overall supply chain performance.



Activities/Scope of the area


	
		New Programs

		Packaging & Logistics Engineering

		External Supplier Management

		Production Planning & Scheduling

		Warehouse & Inventory Management

		Transport Planning & Operations



Skills


	
		Understanding of Automobile parts & Engineering drawings 

		Vendor Management, Parts Procurement, Contract negotiations, Costing 

		Exposure of Manufacturing Process & Material flow 

		Warehousing: Inventory Control Techniques, JIT methods 

		Logistics Concepts, Route planning, Transport Management 

		Knowledge of Global Trade, Customs Regulations, International logistics 

		Proficiency in tools: Excel, Python or Specialised SW-3D modelling/Simulation Tools, CAD/CATIA



Future opportunities


	
		Supply Chain Analyst: As businesses continue to expand globally, the demand for skilled supply chain analysts will rise. Companies will seek professionals who can optimize processes, reduce costs, and enhance efficiency within their supply chains.

		Procurement/Strategic Sourcing Manager: With the increasing focus on sustainable sourcing practices and cost-effective procurement strategies, the role of procurement and strategic sourcing managers will become even more critical. Professionals in this field will play a key role in driving innovation and creating competitive advantages for organizations.

		Logistics Planner: The evolution of technology and the growing complexity of supply chains will create opportunities for logistics planners to leverage data analytics and automation tools. Future logistics planners will need to possess strong analytical skills and the ability to adapt to changing market dynamics.

		Warehouse and Inventory Specialist: As e-commerce continues to thrive, warehouse and inventory specialists will be in high demand to manage inventory levels, streamline operations, and ensure timely order fulfilment. Professionals in this field will need to embrace technology and automation to meet the evolving needs of the industry.

		Supply Chain IT Specialist: The integration of IT systems and emerging technologies like AI and blockchain will drive the demand for supply chain IT specialists. These professionals will be instrumental in implementing and optimizing digital solutions to enhance supply chain visibility, efficiency, and security.

		Supply Chain Risk Manager: In an increasingly volatile global market, supply chain risk managers will play a crucial role in identifying and mitigating risks. Professionals in this field will need to develop proactive risk management strategies to safeguard supply chains against disruptions and uncertainties.

		Supply Chain Consultant - Data Scientist, AI/Robotic/Blockchain Specialist: The future of supply chain consulting will be shaped by data science, AI, robotics, and blockchain technologies. Consultants with expertise in these areas will help organizations harness the power of data and automation to drive innovation, optimize processes, and stay ahead of the competition.

		Global Trade & Compliance Manager: With the evolving regulatory landscape and the complexities of international trade, global trade and compliance managers will be essential for ensuring compliance and minimizing risks. Professionals in this field will need to stay abreast of changing regulations and implement robust compliance programs to support global operations.
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	SOFTWARE DEFINED VEHICLE TECHNOLOGY

Introduction

Software Defined Vehicle (SDV) technology is revolutionizing the automotive industry by integrating advanced software systems into vehicles, transforming them into intelligent, connected entities. This innovative approach enhances vehicle performance, safety, and user experience by enabling real-time data processing, communication, and automation. SDVs leverage cutting-edge technologies such as artificial intelligence, machine learning, and Internet of Things (IoT) to create a seamless and efficient driving environment. By redefining traditional automotive paradigms, SDVs pave the way for a future where vehicles are not just means of transportation but smart, adaptable companions that prioritize safety, sustainability, and convenience.

Current trends & technologies

The current trend in the automotive industry is the evolution towards Software Defined Vehicles (SDVs) and autonomous driving capabilities. This shift involves utilizing software, sensors like RADAR and LiDAR, cameras, and AI algorithms to enable automated driving. Vehicles are becoming a third living space, offering opportunities for productivity and entertainment during travel. As autonomy levels increase, the focus is on ensuring high reliability, which leads to higher costs due to the integration of multiple sensors. Features like automatic parking, adaptive cruise control, lane departure warning, and automated emergency braking are already present in modern vehicles, paving the way for more advanced autonomous driving features in the future.

 

Activities/Scope of the area

The era of SDVs in a Volatile Uncertain Complex and Ambiguous (VUCA) world, and the role of academia in preparing students for the industry. The content also provides insights on bridging the gap between academia and industry through practical projects, industry-standard tools, and fostering innovation and knowledge sharing among students.

Skills

C, C++, Java, MATLAB Simulink, Android, cloud solutions

Future opportunities


	
		Enhanced Connectivity: Software-defined vehicles offer the potential for enhanced connectivity features, enabling seamless communication between vehicles, infrastructure, and other devices on the road.

		Advanced Autonomous Capabilities: Future software-defined vehicles may leverage AI and IoT technologies to enhance autonomous driving capabilities, leading to safer and more efficient transportation systems.

		Personalized User Experiences: With software-defined vehicles, there is an opportunity to tailor the in-car experience to individual preferences, offering personalized entertainment, comfort, and productivity features.

		Real-time Updates and Maintenance: Software-defined vehicles can receive real-time updates and diagnostics, allowing for proactive maintenance and ensuring optimal performance at all times.

		Integration with Smart Cities: As software-defined vehicles become more prevalent, there is potential for seamless integration with smart city infrastructure, optimizing traffic flow and reducing congestion.

		Data-Driven Insights: Software-defined vehicles can generate vast amounts of data that can be leveraged for insights into driving patterns, road conditions, and overall vehicle performance, leading to continuous improvements in the automotive industry.
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HEADS UP DISPLAY (HUD)

Introduction

Head Up Display (HUD) technology revolutionizes the way drivers interact with critical information while on the road. By providing a transparent display that overlays essential data just below the driver's line of sight, HUD ensures that vital details are easily accessible without the need to divert attention from the road ahead. This innovative system enhances safety by allowing drivers to stay focused on driving while staying informed.

Current trends & technologies

The current trend in HUD technology encompasses three major types:


	
		Combiner HUD: This type features a small transparent mirror that pops up between the windshield and the steering wheel. While cost-effective and versatile across various vehicle models, its view coverage is limited, allowing for the display of fewer features.

		Windshield HUD: Content is directly projected onto the bottom area of the windshield. To account for the windshield's curvature, the displayed image requires warping. This type offers a better viewing area compared to the Combiner HUD.

		Augmented Reality HUD: Utilizing virtual image technology, this type projects images that appear to float in front of the windshield. It enables the display of content that can overlay on real-world elements such as lanes, target vehicles, pedestrian detection, points of interest, and more.



 

Activities/Scope of the area


	
		Display Vehicle Speed

		Show Set Speed

		Indicate Speed Limit

		Provide Turn By Turn directions



 

Skills


	
		C/C++ Programming

		GUI development on 2D and 3D graphics

		OpenGL

		Shader Programming

		Machine Learning on Face Detection and Eye Tracking

		VR/AR



 

Future opportunities

In the future, there are exciting opportunities for the integration of augmented reality technology into various devices and applications. Augmented reality on heads-up displays (HUD) and side mirror displays in vehicles can enhance driving experiences by providing real-time information such as navigation prompts, speed limits, and hazard warnings directly in the driver's line of sight. Additionally, the development of augmented reality wearable glasses opens up possibilities for hands-free access to information, interactive experiences, and immersive digital content overlaying the physical world. These advancements have the potential to revolutionize how we interact with technology, offering new ways to work, learn, play, and communicate in a more intuitive and integrated manner.
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	FUNCTIONAL SAFETY

Introduction

Application Functional Safety & Reliability focuses on developing systems equipped with cutting-edge solutions to mitigate the risks arising from the malfunctioning behaviours of electrical and electronic components.

Current trends & technologies


	
		SOTIF (ISO/PAS 21448): Addressing Failures in Design Intent to enhance functional safety for the EV era.

		Explainable AI Framework: Ensuring trust in Artificial Intelligence for Critical Systems.

		Autonomous Systems Standards: Emphasizing Fail-operational and Fail-safe Solutions.

		Redundant & Diverse Systems: Implementing in Autonomous Vehicles for increased safety.

		Integration with Cyber Security: Enhancing overall system security in evolving technologies.

		Virtual Validation of Safety Critical Systems: Using virtual models to simulate real-time systems for safety assurance.



Activities


	
		Concept Phase: Item definition, Hazard Analysis and Risk Assessment (HARA) to derive the safety goal and the corresponding ASIL (Automotive Safety Integrity Level) for the System

		Requirement Phase: Safety requirements that consist of Fault detection mechanisms of systems that can potentially violate the safety goal, and the safety mechanisms to prevent it, fault handling, warning, and degradation

		Implementation Phase: Safety requirements implemented in Hardware or Software to ensure the system is safe by design

		Verification & Validation Phase: Testing of the System at different levels of Product development to ensure its fail-safe and fail operational

		Safety Management: Assessment and Audits to ensure the adherence of the system to the safety standards at all phases of development. Change and Configuration management for the evidence of Safety

		Operation and Maintenance: Operate safely throughout the intended life cycle, and preventive maintenance

		Decommissioning: Ensuring Safe disposal and removal of safety-critical systems to ensure there is no residual risk



Scope


	
		Manage risks

		Ensure compliance with standards throughout all phases of the safety development life cycle

		Integrate safety with Cybersecurity

		Leverage new tools and technologies

		Provide a holistic approach to design, verify, validate, maintain safety-critical systems to prevent hazards and reduce the unreasonable risks to people and the environment



Skills


	
		 Proficiency in understanding and implementing safety standards such as ISO 26262

		Experience in conducting hazard analysis and risk assessment (HARA) for automotive systems

		Knowledge of safety mechanisms like fail-safe, fail-operational, and diagnostic coverage

		Ability to develop safety concepts and safety requirements for complex systems

		Competence in safety validation methods including fault injection and analysis

		Familiarity with safety integrity levels (SIL) and safety goals decomposition

		Expertise in safety case development and documentation

		Strong analytical skills to identify potential safety hazards and mitigate risks effectively

		Collaboration and communication skills to work closely with cross-functional teams on safety-related aspects

		Continuous learning and adaptation to evolving safety standards and technologies in the automotive industry



Future opportunities


	
		Autonomous Systems: Future opportunities in Functional Safety (FuSa) lie in ensuring the safe operation of autonomous systems, paving the way for advanced technologies like self-driving cars and drones.

		AI Integration: Integrating Artificial Intelligence (AI) into safety systems presents a promising future for FuSa by enhancing predictive maintenance, risk assessment, and real-time decision-making processes.

		Convergence with Cyber Security: The convergence of Functional Safety with Cyber Security offers opportunities to develop robust systems that are resilient to cyber threats, ensuring the safety and security of critical infrastructure.

		V2X - Vehicle to Everything Safety & Connected Safety: V2X technologies create opportunities for improving road safety through vehicle communication systems, enhancing collision avoidance and traffic management.

		Advancements in Electric Vehicle: The advancements in Electric Vehicles (EVs) provide opportunities to enhance FuSa by developing safe battery technologies, charging infrastructure, and vehicle-to-grid integration.

		Smart Grid and Renewable Energy Systems Safety: Future opportunities in FuSa include ensuring the safety and reliability of smart grids and renewable energy systems, promoting sustainable energy practices.

		Sustainable and Green Functional Safety: Developing eco-friendly systems and safe recycling processes offers opportunities to integrate sustainability practices into Functional Safety solutions.

		Human Centric Safety Solutions: Future opportunities involve designing safety solutions that reduce human errors and prioritize intuitive operations, enhancing overall safety in various industries.

		IoT and Edge, Quantum Computing: The integration of IoT, Edge Computing, and Quantum Computing presents opportunities to enhance safety systems through real-time data processing, secure communication, and advanced analytics.

		Next Generation Medical Devices and Integration: Future opportunities in FuSa include ensuring the safety and reliability of next-generation medical devices, integrating advanced technologies to improve patient care and treatment outcomes.
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COCKPIT AND CONNECTIVITY

Introduction

A vehicle's cockpit serves as the nerve centre of its technological capabilities, seamlessly integrating an array of display technologies to provide essential information and control functionalities to the driver. This sophisticated setup typically includes components like the infotainment screen, the instrument cluster positioned behind the steering wheel, a head-up display (HUD), and various controls for managing features such as climate control and audio systems. Each element plays a crucial role in enhancing the driving experience by offering entertainment, driving information, connectivity options, and communication tools to both the driver and passengers. The cockpit's design aims to create a seamless and intuitive interface that not only informs but also empowers the driver to interact with the vehicle efficiently.

It encompasses a range of functions, including:


	
		Entertainment and comfort: Radio, music, videos, climate control, and more

		Driving information: Rear camera, navigation, vehicle settings

		Connectivity: Bluetooth, hands-free calls, and internet access

		Communication: Voice calls, text messages, emails, and social networking



Instrument Cluster


A car's instrument cluster comprises gauges, telltales, and displays that furnish the driver with vital information about the vehicle's status. Typically situated on the dashboard behind the steering wheel, the instrument cluster consists of:


	
		Gauges: Speedometer, odometer, tachometer, oil pressure gauge, and fuel gauge

		Display: Enables monitoring of the vehicle's condition and control settings

		Warning lamps: Alerts for issues like low fuel, seat belt unbuckling, providing insights into system faults and warnings.



Car Connectivity


Car connectivity refers to a vehicle's capability to interact with other systems, both internally and externally, via an internet connection. This enables access to various subscription-based services and features, such as:


	
		Remote control: Allows drivers to manage their vehicles remotely through apps for functions like unlocking/locking doors, climate control, starting/stopping the engine, and checking maintenance status.

		Navigation: Provides navigation services, like locating local businesses and guiding drivers to nearby parking spaces.

		Software updates: Enables cars to receive over-the-air software updates.

		Safety Features: Includes theft alarm, stolen vehicle locator, and vehicle tracking.



Vehicle Health: Alert and Report


	
		ECALL/BCALL: Emergency and Breakdown call



Cars can establish connections with other systems through various means, including Vehicle to Infrastructure (V2I), Vehicle to Vehicle (V2V), Vehicle to Cloud (V2C), Vehicle to Pedestrian (V2P), and Vehicle to Everything (V2X).

Current trends & technologies


	
		Use of GPU (Graphical processing units) to add 3D and graphics in the infotainment and cluster displays.

		HUD (Heads Up display) that projects basic augmented reality in windshield like Navigation arrow and speed value.

		Advanced Driver Assistance System (ADAS) displays like lane departure assistance, adaptive cruise control etc.

		Android Auto and Apple CarPlay integration with the infotainment.

		Enhanced connectivity within car like WIFI, Bluetooth etc.

		Essential subscription based services including a wide range of apps for both android and iOS.

		Enhanced vehicle safety.

		Vehicle health alert and monitoring.



Activities

Software Development


	
		Application SW development involving hand-written and auto code generation from models.

		Logical software development in languages like C, Python, IBM Statemate, and MATLAB.

		Graphical software development using tools such as Altia, EBG, QT, Unity, Kanzi, C, and C++.

		App development for Android and iOS platforms focusing on infotainment.

		Base SW development.



Hardware Development


	
		Chip/board design activities.

		Prototyping of hardware components.

		Board fabrication and manufacturing processes.



Testing:


	
		Unit testing of software components.

		Software in loop testing procedures.

		Hardware in loop testing methods.

		Plywood buck testing for specific applications.

		Vehicle testing to ensure functionality and performance.



 

Scope


The scope encompasses the comprehensive development and testing processes involved in both software and hardware domains. It includes designing, prototyping, fabrication, and manufacturing of hardware components, along with software development activities ranging from logical and graphical software creation to application and base software development. The testing scope covers various levels such as unit testing, software in loop testing, hardware in loop testing, plywood buck testing, and vehicle testing to ensure the quality, functionality, and performance of the developed products.

Skills


	
		Embedded system

		Microcontrollers and Microprocessors

		Digital signal processing/ signals and systems

		Control systems

		Programming (C, C++, Python, MATLAB, QT)

		SW life cycle management

		RTOS



Future opportunities


	
		Multiple high-resolution displays with advanced features like ADAS offer enhanced visualization and interaction capabilities within the cockpit, paving the way for more immersive user experiences and improved safety measures.

		The integration of a fully digital cockpit enables seamless access to a wide array of information and controls, enhancing convenience and personalization for drivers and passengers alike.

		Artificial intelligence-based reconfigurable clusters present the opportunity for dynamic customization of display layouts and content based on individual preferences and driving conditions, optimizing user engagement and efficiency.

		Leveraging Natural Language Processing/Understanding technology allows for intuitive and hands-free communication with the vehicle, streamlining interactions and enhancing the overall user experience.

		The incorporation of machine learning and edge AI in cockpit systems opens up possibilities for predictive analytics, personalized recommendations, and adaptive functionalities tailored to the driver's behaviour and preferences.

		A multimodal interface combining various input methods such as touch, voice, and gesture control offers a versatile and user-friendly interaction platform, catering to diverse user preferences and accessibility needs.

		Augmented reality features in the cockpit provide real-time overlays of information onto the physical environment, enhancing situational awareness, navigation guidance, and entertainment options for an enriched driving experience.

		Advanced Driver Monitoring System utilizing in-car cameras and other sensors enables intelligent driver assistance functionalities, personalized settings, and enhanced safety measures through real-time monitoring and analysis of driver behaviour and alertness levels.
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CYBER SECURITY IN CARS

Introduction

Automotive cybersecurity plays a crucial role in safeguarding a vehicle's electronic systems, software, networks, and data from unauthorized access and malicious attacks. This protection is increasingly vital as the automotive industry progresses towards more connected, automated, and electrified vehicles, which are inherently more susceptible to cyber threats.

Current trends & technologies


	
		Intrusion detection systems

		Secure development frameworks

		Encryption, authentication, and real-time monitoring

		Automated DevSecOps

		Firewalls

		Secure Gateway

		Defence in Depth



Activities/Scope of the area


	
		Cloud Security: Focuses on securing data, applications, and infrastructure in cloud environments. Activities include encrypting data, managing access controls, and ensuring compliance with cloud security best practices.

		Mobile Security: Aims to protect mobile devices, applications, and data from security threats. This involves implementing secure coding practices, using mobile device management (MDM) solutions, and conducting regular security assessments.

		IOT Security: Involves securing Internet of Things (IoT) devices and networks to prevent unauthorized access and data breaches. Activities include implementing strong authentication mechanisms, encrypting communication channels, and monitoring IoT device behaviour.

		Application Security: Focuses on securing software applications from vulnerabilities and cyber-attacks. Activities include conducting code reviews, penetration testing, and implementing secure coding practices to prevent common application security risks.

		Automotive Security: Involves securing connected vehicles and automotive systems from cyber threats. Activities include implementing secure communication protocols, conducting security assessments of in-vehicle systems, and ensuring the safety and security of autonomous vehicles.

		Aerospace Security: Focuses on securing critical aerospace systems, including aircraft, satellites, and ground control systems. Activities include implementing secure communication channels, conducting security audits, and ensuring the resilience of aerospace systems against cyber-attacks.

		Embedded Security: Involves securing embedded systems, such as microcontrollers and IoT devices, from security threats. Activities include implementing secure boot mechanisms, encrypting firmware, and hardening embedded systems against physical and cyber-attacks.

		Hardware Security: Focuses on securing computer hardware components from tampering and unauthorized access. Activities include implementing hardware-based security features, such as secure enclaves and trusted platform modules (TPMs), and conducting hardware security assessments to identify vulnerabilities.



Skills


	
		Network Security

		Incident response

		Operating systems

		Threat knowledge

		Coding and scripting

		Crypto algorithms

		Communication Protocols

		Firewall

		Programming languages

		Hardware security

		Embedded systems architecture



Future opportunities


	
		Cybersecurity Engineer: As a Cybersecurity Engineer, you will have the opportunity to work on planning and implementing advanced security measures for products and organizations, ensuring their protection against evolving cyber threats.



	
		Cybersecurity Architect: Embrace the role of a Cybersecurity Architect to design and develop robust security architectures that safeguard critical systems and data, paving the way for innovative and secure technological advancements.

		Malware Analyst: Dive into the world of cybersecurity as a Malware Analyst, where you will play a crucial role in identifying and analysing cyber threats such as viruses and worms, contributing to the continuous improvement of digital security measures.

		Penetration Tester: Explore the exciting field of Penetration Testing, where you will be tasked with exploiting system vulnerabilities to enhance security defences, offering valuable insights to fortify systems against potential cyber-attacks.

		Application Security Engineer: Join as an Application Security Engineer to focus on implementing cutting-edge security measures within applications, ensuring the protection of sensitive data and enhancing overall cybersecurity posture.

		Cloud Security Specialist: Become a Cloud Security Specialist and safeguard data systems and networks from cyber threats in the cloud environment, playing a vital role in securing digital assets and ensuring uninterrupted business operations.

		Incident Manager: Step into the role of an Incident Manager, where you will be responsible for managing and resolving incidents efficiently, contributing to the swift recovery and resilience of organizations in the face of cybersecurity challenges.
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	INFORMATION AND COMMUNICATION TECHNOLOGY

Introduction

The ICT India division of Stellantis plays a crucial role in driving innovation, efficiency, and transformation within the business through the use of technology. This division, known as ICT India CoE, focuses on creating tangible business value, exploring niche technology domains, and establishing a scalable delivery model to support the organization's objectives.
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CoE Responsibilities:
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Current trends & technologies

In the current trend of Information Technology, businesses are increasingly focusing on domains within the Automotive sector. This shift reflects a growing interest in leveraging technology to innovate and improve operations within the automotive industry. On the other hand, Competency focus areas highlight the specific technology areas that companies are prioritizing for development and expertise. This trend underscores the importance of aligning technological advancements with industry-specific needs to drive innovation and growth. By emphasizing both business and competency focus, organizations can stay competitive and relevant in the ever-evolving landscape of Information Technology.
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Activities


	
		Incubation: Fostering innovative ideas and concepts to nurture potential breakthroughs.

		Transformation: Implementing digital strategies to revolutionize business processes and operations.

		Performance: Monitoring and optimizing key metrics to enhance overall efficiency and effectiveness.

		Productivity: Streamlining workflows and tools to maximize output and results.



Scope


	
		Scalable Resources: Ensuring access to resources that can grow or shrink based on demand.

		Fostering an Innovation Engine: Cultivating a culture that encourages creativity and forward thinking.

		Enhancing Domain Expertise: Developing specialized knowledge and skills in key areas to drive success.



Skills

The skills includes a variety of topics such as SAP, Salesforce, ServiceNow, Pega, Palantir, Gen AI, cloud services like Amazon Web Services, Google Cloud, and Microsoft Azure, programming languages like Java and .NET, Microsoft 365, RPA, AI, data analytics, big data, cyber security, SharePoint, and PLM. These topics cover a wide range of technologies and tools used in the IT industry, reflecting the diverse and evolving nature of the field. From enterprise resource planning to artificial intelligence and cloud computing, the document encompasses key areas that are crucial for businesses and organizations in today's digital landscape.

Future opportunities

Future opportunities for ICT India employees are vast and exciting, driven by the rapid evolution of technology and digital transformation. The shift towards sustainable mobility and smart manufacturing will create roles in software development, cloud computing, and Internet of Things (IoT) integration. IT professionals will have the chance to work on cutting-edge projects like CRM, ERP, Digital, Cloud, IoT involving artificial intelligence (AI), machine learning, and big data analytics. There will also be opportunities in cybersecurity to protect the growing volume of data and Gen AI to enhance customer experiences. Additionally, as the automotive sector continues to innovate, IT employees will play a pivotal role in shaping its future, driving technological advancements, and creating new digital solutions.
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	ARTIFICIAL INTELLIGENCE IN CARS

Introduction

Artificial Intelligence has significantly impacted society, emerging as a pivotal force shaping the future of mobility. Through technologies like Machine Learning, Neural Networks, Deep Learning, NLP, and Computer Vision, AI has revolutionized passenger safety, comfort, and convenience in vehicles. This transformation has not only enhanced energy efficiency and vehicle performance but has also paved the way for key functionalities such as Advanced Driver Assist Systems, Predictive Maintenance, Infotainment, and Autonomous functions. The convergence of AI and mobility has led to the evolution of intelligent mobility solutions, emphasizing the integration of AI technologies to cater to customer needs effectively.

Current trend & technologies


	
		ADAS for Safety: Advanced Driver Assistance Systems (ADAS) have become a standard feature in modern vehicles, offering safety enhancements like Emergency Braking, cruise control, Driver & Occupant monitoring, Lane-keep and Lane-change assist, Collision warning, and more.

		Autonomous Functionalities: The automotive industry is witnessing a shift towards autonomous functionalities, including driverless operations in controlled environments, automated Parking, Climate control, and Air Quality control systems.

		Predictive Maintenance: Leveraging machine learning algorithms that analyse vehicle sensor data, driver behaviour, warranty information, engineering design, and manufacturing data, predictive maintenance is becoming a key trend. This approach helps anticipate system issues in advance and proactively schedules maintenance to prevent disruptions in customer experience.

		Infotainment and Navigation: Meeting the growing demand for unique and satisfying ride experiences, vehicles now offer premium features such as Infotainment and Navigation through voice assistants like Apple's Siri and Amazon's Alexa. Additionally, mood lighting, acoustic/audio enhancements, and personalized seating preferences incorporating Biometrics are enhancing the overall driving experience.



Activities/Scope of the area

Activities for AI-driven functionalities in cars involve:


	
		Data acquisition and collation related to vehicle, driving, and road/ecosystem information using multimodal sensors like Cameras, RADAR, LIDARs, Ultras-sonic sensors, microphones, Air-Quality sensors, and on-road parameter sensing.

		Data processing, synthetic data augmentation with annotation, data fusion, and featurization.

		Analytics enabled by traditional machine learning algorithms, Ensembles, and Neural networks for applications like Predictive maintenance and Digital Twins.

		For ADAS/Autonomous driving, activities include Image processing, Traffic scene segmentation, identification of Vulnerable Road users through object detection, and risk assessment for vehicle path planning using sophisticated Deep learning Computer vision (CV) algorithms.

		NLP is utilized for functionalities such as voice-activated commands, voice assistants, journey concierge, customer voice to text analytics, and text to audio framework.



There is a vast scope for engineers to leverage their multi-faceted knowledge and skills by integrating computer science, robotics, electronics, mechanical, and mechatronics engineering aspects in a dynamic cyber-physical systems' environment. This integration connects mobility systems to IoT devices, V2X ecosystem, etc., emphasizing the need for mobility engineers to possess diverse skills from various disciplines in the context of the automotive industry.

Skills


	
		Proficiency in Tools/Languages like Python, Tensorflow + Keras, C++ programming, MATLAB

		Dealing with Big and Wide Data, Sensor Data Fusion

		Cloud warehousing, Cloud/Edge computing skills

		Software development + testing skills

		Experience with Machine learning, Deep Learning (CV + NLP) algorithms

		Gen-AI techniques

		Exposure to key mobility domain aspects (such as automotive)

		Good understanding of mechanical, electronic, and cyber-physical systems in the mobility context



Future opportunities

Future opportunities lie ahead for engineering graduates, post-graduates, and PhDs to contribute significantly to AI and Gen-AI applications and research within a mobility context. This emerging field offers tremendous potential for individuals and startups to play a pivotal role in shaping the future of mobility, especially in the realm of Automotive mobility. Embracing these opportunities can lead to lasting impacts on the transformation of mobility and the advancement of technology in this exciting and evolving sector.?
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