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ABSTRACT: This manual provides comprehensive operational and maintenance guidance for the Integrated Starter 

Generator and Electronic Fuel Injection Tester (ISG-EFI Tester) developed by Demeter Systems Private Limited. 

Specifically designed to test SEDEMAC’s ISG-EFI units, the tester integrates high-performance hardware from 

National Instruments and utilizes a LabVIEW-based graphical programming environment for streamlined, automated 

testing procedures. The manual covers critical areas such as safety protocols, machine handling instructions, 

componentassembly and inspection processes, and a periodic maintenance checklist. It also includes detailed 

troubleshooting techniques to minimize equipment downtime and ensure optimal system performance. With the 

inclusion of a barcode scanner, the system automates data logging and stores test results based on serial numbers, 

enhancing traceability and operational efficiency. The ISG-EFI Tester is an advanced solution for high-throughput 

environmentswhere accuracy, repeatability, and safety are paramount. 
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I. INTRODUCTION 

 

The Integrated Starter Generator and Electronic Fuel Injection (ISG-EFI) Tester is a highly specialized testing solution 

designed for evaluating the performance and reliability of SEDEMAC’s ISG-EFI units. These units play a crucial role 

in modern automotive systems by combining the functionalities of a starter motor and a generator while ensuring 

optimal fuel injection. To uphold the quality and safety of such critical components, Demeter Systems Private Limited 

has engineered a robust test bench that ensures accurate verification and documentation of each unit’s functionality 

before dispatch. This manual serves as a complete guide for technicians, engineers, and operators responsible for 

handling and maintaining the ISG-EFI Tester. 

 

The ISG-EFI Tester incorporates the National Instruments PXIe-1084 chassis as its core hardware platform. PXIe (PCI 

eXtensions for Instrumentation) offers high-throughput data acquisition, signal processing, and 

communicationcapabilities, essential for capturing fast, real-time signals generated during testing. Integrated with this 

is LabVIEW—a graphical programming environment developed by National Instruments—used to create the control 

software. LabVIEW provides intuitive block-based programming, real-time visualizationofsignals,anduser-

friendlyinteraction, allowingoperatorstoinitiate,monitor,andanalyzetest procedures efficiently. 

 

Eachtestcyclebeginsbyscanningabarcodeattachedtothe ISG-EFI unit, ensuring that results are tied to a specific serial 

number for traceability and historical reference. Once the barcode is read, the system automatically runs the configured 

test routines with the press of a Start button. During thesetests, various parameters such as voltage, current, response 

time, communication protocols (CAN, LIN, etc.), and sensor feedback, are monitored and compared against predefined 

thresholds. Upon completion, the results are stored in a centralized database and can be used for generating reports, 
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identifying defect trends, and complying with regulatory documentation. 

 

Figure1-LoginPage 

 

To ensure safe and reliable operation, the ISG-EFI Tester includes several safety interlocks, clearly labeled emergency 

stop buttons, and hardware protections against overcurrent, voltage spikes, and operator missteps. Only trained and 

authorized personnel are permitted to operate or service the equipment, and strict adherence to safety procedures is 

expected. This manual outlines these safety measures, including lockout/tagout procedures, grounding instructions, and 

safe handling of electrical components, to minimize risks and prevent equipment damage or personal injury. 

 

Overall, the ISG-EFI Tester is engineered to support high- throughput production environments, combining 

automation, accuracy, and safety into one compact solution. This manualis designed not just as a reference document 

but also as a training and operational resource. By following theprocedures outlined herein, users can achieve 

consistent test results, improve operational efficiency, extend equipment life, and uphold the highest standards of 

product quality in linewith industry expectations. 

 

II. LITERATURE REVIEW 

 

A. Evolution of IS Gand EFI Technologies 

The evolution of automotive technology has led to the development of Integrated Starter Generator (ISG) systems, 

which merge the functionalities of a traditional starter motor and alternator into a single compact unit. Unlike earlier 

vehicles that used separate mechanical components forstarting and charging, ISG systems enhance efficiency by 

offering features like automatic start-stop, regenerative braking, and smoother restarts. These systems contribute 

significantly to fuel economy and emissions reduction,making them vital in modern hybrid and fuel-efficient vehicles. 

 

Simultaneously, the transition from carbureted fuel systems to Electronic Fuel Injection (EFI) has brought about a 

major improvement in engine control. EFI systems utilize sensors and electronic control units (ECUs) to monitor 

various engine parameters and deliver precise amounts of fuel forcombustion. This ensures better fuel efficiency, 

optimized engine performance, and lower emissions. Theimplementation of EFI has also improved cold starts, throttle 

response, and overall drivability. 

 

B. Need for Automation in Automotive Testing 

Modern automotive systems, such as ISG and EFI, require precise and efficient testing, which manual methods often 

fail to deliver. Manual testing is time-consuming, inconsistent,and prone to errors, especially under high 

productiondemands. This can lead to increased costs, delayeddiagnostics, and compromised quality control. 

Additionally, manual processes lack proper documentation and make traceability difficult during audits or quality 

checks. As vehiclesbecome moreelectronicallyadvanced,the limitations of manual testing grow more evident. Complex 

components demand high accuracy and real-time monitoring that manual efforts simply cannot guarantee. 
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Automated testing systems solve these issues by providing consistent, fast, and accurate evaluations. Tools 

likeLabVIEW and PXIe platforms enable real-time data logging, improved traceability, and seamless integration with 

barcode tracking. They eliminate human error, reduce test time, and standardize results across units. These systems also 

support continuous operation and predictive maintenance capabilities. Automated solutions are scalable and can be 

adapted to evolving production needs without compromising quality. 

 

C. RoleofPXIe-1084andModularTest Platforms 

National Instruments’ PXIe-1084 plays a crucial role in building modern automated testing systems for automotive 

components. As a high-performance chassis, it provides the backbone for modular test setups, enabling real-time 

processing, high-speeddataacquisition,and precise control of multiple instruments. Its compact design supports scalable 

configurations, allowing manufacturers to tailor their testing setupsaccordingtothecomplexityoftheproductbeing 

tested. The PXIe-1084's high bandwidth and low latency communicationbetweenmodulesmake itidealfordemanding 

applications like ISG and EFI testing, where accurate timing and responsiveness are critical. 

 

Modular platforms like PXIe allow seamless integration with various I/O modules and software environments, 

including LabVIEW. This flexibility helps in customizingtests for specific parameters without redesigning the entire 

system. The system’s reusability and easy upgradability also reduce long-term costs and simplify maintenance. 

Furthermore, modular platforms support multi-channeltesting, enabling parallel inspection of several units, which 

boosts throughput. 

 

D. Barcode-IntegratedT race ability in Production 

Barcodeintegrationhasbecomea vitalfeatureinautomated testing systems, particularly in high-volume automotive 

manufacturing. By assigning a unique barcode to each ISG or EFI unit, the system ensures that every test result is 

linked directly to the specific unit tested. This practice eliminates confusion, 

reducesmanualdataentry,andensuresthatalldata is accurately recorded for future reference. 

 

This traceability system plays a key role in maintaining accountability and meeting industry compliance standards. It 

helps manufacturers track the complete testing history of each unit from production to dispatch. In case of product 

failure or recall, barcode-linked data enables rapid root-cause analysis and efficient response. Additionally, automated 

traceability supports internal audits and regulatory reporting by ensuring all test results are stored systematically and 

securely. 

 

E. Predictive Maintenance and Diagnostic Trends 

Recent advancements in industrial testing emphasize the importance of predictive maintenance to ensure uninterrupted 

operation and reduce costly downtimes. Predictive maintenance uses sensor data, system logs, and performance trends 

to anticipate component failures before they occur. In the context of ISG-EFI testers, this means monitoring test cycles, 

voltage fluctuations, and system health parameters in real time to detect abnormalities early. This 

proactiveapproachsignificantlyextendsthe tester’soperational lifespan and optimizes maintenance schedules. 

 

III. METHODOLOGY 

 

The automotive industry is rapidly evolving with the integration of advanced electronics such as Integrated Starter 

Generator (ISG) and Electronic Fuel Injection (EFI) systems. These components demand precise and efficient testing to 

ensure performance and safety. Manual testing methods often fall short due to inconsistency and time constraints. 

Toaddress this, automated testing platforms have become essential. The ISG-EFI Tester leverages National Instruments' 

PXIe-1084 and LabVIEW software for accurate, high-speed diagnostics. This project focuses on enhancing reliability, 

traceability, and productivity in automotive testing environments. 
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Figure2-BlockDiagram 

 

A. System Architecture and Hardware Configuration 

The testing setup for the ISG-EFI units is built around the National Instruments PXIe-1084 chassis, which acts as the 

central platform for all modular test components. This chassis accommodates key PXIe modules, such as multifunction 

I/O cards for digital and analog signal control, voltage input modules for high-precision measurements, and an 

embedded controller for real-time processing and communication. 

 

 

Figure3-BKprecision9205B 

 

Custom test fixtures and shielded cables ensure accurate and stable connections between the devices under test and the 

measurement system, minimizing signal interference. The hardware is designed to support high-speed data acquisition, 

signal integrity, and compatibility with LabVIEW-based control software. Safety features such as grounding, EMI 

shielding, overvoltage protection, and emergency stop mechanisms are implemented to protect both the equipment and 

the operator. The layout of the system is ergonomically arranged for efficient workflow, easy access to components, 

and streamlined maintenance. 

 

B. Software Work flow and Test Sequence 

The software controlling the ISG-EFI tester is developed using LabVIEW, a graphical programming environment by 

National Instruments. The workflow begins with the barcode scanner identifyingeach unit, triggeringthe software to 

load a corresponding test profile. Once the operator initiates the test via the LabVIEW interface, the software 

automatically sequences through predefined test cases without manual intervention. These include signal generation, 

voltage and current monitoring, and logic validation of ISG and EFI functions. 

 

During testing, LabVIEW performs real-time data acquisition and monitors signal integrity, componentresponse, and 

timing parameters. Any deviation fromexpected values is immediately flagged using built-indecision-making 

algorithms. Results are logged under the scanned barcode, ensuring traceability and compliance with industry 

standards. The system can store test data locally or over a network for further analysis. The intuitive interface 

allowsoperatorsto visualizetest progress and systemstatus in real time while built-in diagnostics alert users to hardware 

faults or anomalies in execution. This automated workflow ensures consistent, efficient, and reliable testing across 

production batches. 
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C. Data Management and Result Integration 

Data management in the ISG-EFI testing setup is centered around ensuring complete traceability, reliability, and 

accessibility of test results. Once a test is completed, the LabVIEW software automatically links the test data to the 

corresponding unit via its scanned barcode. All relevant parameters, pass/fail status, and time-stamped measurements 

are stored in structured formats such as CSV or SQL database entries. This allows easy retrieval and analysis for 

quality audits, performance trends, and root cause analysis in case of failures. 

 

 
 

Figure4-DigitalInputs 

 

The system is also capable of exporting data to centralized production databases through secure network protocols, 

ensuring integration with Manufacturing Execution Systems (MES) or Enterprise Resource Planning (ERP) systems. 

This helps in synchronizing test results with production workflows and inventory updates. Additionally, customizable 

reports can be generated inreal time or atscheduled intervals, and remote access capabilities enable supervisors and 

engineers to review results without being physically present at the test station.This comprehensive approach to data 

management not only enhancesoperationaltransparencybutalsosupportspredictive maintenance, regulatory compliance, 

and continuous improvement initiatives. 

 

IV. SYSTEM ARCHITECTURE 

 

The system architecture of the ISG-EFI tester is built to ensure modularity, scalability, and high-precision testing.It 

combines advanced hardware components with LabVIEW- based software to deliver seamless automation.The design 

prioritizes efficient layout, real-time monitoring, and consistent performance.At the heart of the system lies the PXIe-

1084 chassis, which integrates all key hardwaremodules. 

 

Barcode-based identification, robust interfacing circuits, and controlledpowersuppliessupportaccuratetesting.This 

architecture forms the backbone for reliable data acquisition, traceability, and streamlined diagnostics. 
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Figure5-SystemArchitectureDiagram 

 

A. Hardware Configuration and Layout 

The hardware setup of the ISG-EFI tester is designed for optimal performance, reliability, and scalability. At its core is 

the PXIe-1084 chassis from National Instruments, which houses modular instruments for signal generation, acquisition, 

and control. This chassis ensures high-speed data transfer and synchronized operation between various test modules. 

The barcode scanner is positioned at the input point to scan each unit’s serial number before testing begins, 

enablingtraceability and automatic result linking. 

 

 

Figure6-ControlPanel 

 

Supporting components include regulated DC power supplies that provide stable and controlled voltage to the ISG- EFI 

units under test. The interfacing modules act as a bridge between the tester and the device under test, featuring signal 

conditioning circuits, protection elements, and customized connectors. Allcomponentsaremountedonastructuredtest 

bench that minimizes wiring complexity and improves maintenance access. This organized layout ensures accuracy, 

safety, and repeatability in high-throughput testing environments. 

 

B. Software Integration and Control Logic 

The ISG-EFI testing system uses LabVIEW as the primary software platform for test automation, hardware control, 

and user interface design. LabVIEW interacts seamlessly with the PXIe-1084 chassis through NI-DAQmx drivers, 

allowing real-time control of signal acquisition, voltage/current output, and timing synchronization. The software 

initializes all connected modules at startup, verifies hardware readiness, and provides a dashboard for operator 

interaction. 
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Figure7-ControlLogic 

 

During testing, LabVIEW manages the entire test sequence, from barcode scanning to final result logging. Test 

parameters are loaded automatically based on unit type, and the software controls the triggering of tests, monitors 

responses, and performs pass/fail analysis using predefined thresholds. Communication protocols such as UART, 

CAN,or analog/digital IOs are handled through appropriate PXI modules, ensuring accurate interfacing with the ISG-

EFIunits. The modular software structure also allows for easy updates, diagnostics, and integration with higher-level 

factory management systems. 

 

C. Data Handling 

Data handling is a critical part of the ISG-EFI test system, ensuring every unit’s performance is documented 

andtraceable. Once a unit’s barcode is scanned and testing is completed, LabVIEW automatically captures the test 

results— including voltage levels, signal response times, and functional status. These results are linked to the 

corresponding barcode, forming a unique data record for each tested unit. Thisapproach supports full traceability across 

production batches, which is essential for quality audits and warranty claims. 

 

 

Figure8-DatabaseEditor 

 

To enhance usability, the system includes automatedexport features that save results in standardized formats (e.g., 

CSV, Excel, or SQL database entries). These files can be accessed by supervisors or engineers for trend analysis, 

compliance checks, or troubleshooting. The system also supports integration with central production databases,enabling 

remote access to reports, dashboards, and historical data. Through secure networking, results can be reviewed in real 

time by quality control or maintenance teams, helping to detect faults early and ensure consistent product quality. 

 

V. RESULTS AND DISCUSSION 

 

This section highlights the performance outcomes of the ISG-EFI Tester, emphasizing improvements brought through 

automation. It focuses on accuracy, testing speed, system efficiency,andreliability.Keycomparisonsaremadebetween 

manual and automated testing approaches to showcase measurable gains. The integration of LabVIEW and PXIe- 1084 

provided consistent and repeatable results. Fault detection, error logging, and traceability were significantly enhanced 

through barcode integration. Operator feedback and system scalability are also discussed to evaluate practical usability. 

Overall, the testing platform demonstrated substantial improvements across all operational parameters. 
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Figure9-FrontViewofEquipmentLayout 

 

A. Test Accuracy and Repeatability 

The ISG-EFI Tester demonstrated high test accuracyand excellent repeatability across multiple test cycles. By utilizing 

National Instruments’ PXIe-1084 platform and LabVIEW’s precise control algorithms, the system 

consistentlyproduced resultswithanerrormarginreducedto ±1%. Repeatability tests conducted over 100 units showed 

consistent output values with minimal deviation, validating the reliability of the setup. The automated nature of the test 

sequence eliminated human-induced variability, ensuring uniform application of test parameters. This level of 

consistency is critical in automotive environments whereeven slight performance deviations can affect long-term 

vehicle functionality. Furthermore, the use of high-resolution sensors and real-time data acquisition contributed to the 

overall precision of the system. 

 

B. Cycle Time and EfficiencyI mprovements 

The implementation of the automated ISG-EFI Tester significantly reduced the average testing cycle time per unit. 

Prior to automation, manual testing required approximately 5–7 minutes per unit due to setup, connection, and data 

logging delays. After integrating the PXIe-1084 platformwith LabVIEW software, this duration was reduced to under2 

minutes. The use of automated test sequences, real-time dataprocessing,andinstantbarcodescanningstreamlinedthe entire 

workflow. As a result, overall production throughput increased by nearly 65%, enabling higher volumes to be tested 

within the same time frame. This efficiency not only optimizes resource utilization but also reduces operator fatigue 

and improves overall line productivity. 

 

C. Error Detection and Fault Logging 

TheISG-EFITesterisequippedwithadvanceddiagnostic capabilities that enable real-time error detection during testing. 

When a unit fails to meet predefined performance parameters, the system immediately flags it as faulty andhalts further 

processing. LabVIEW’s logic identifies theexact test condition that caused the failure—such as voltage drop, sensor 

misreadings, or communication lag—allowing for quick isolation of the issue. Each failure event is logged 

automatically, along with time stamps, barcode ID, and test metrics, into a centralized database. 
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Figure10-TesterInteraction 

 

D. System Scalability and Operator Feedback 

The ISG-EFI Tester has received positive feedback from operators regarding its intuitive user interface and minimal 

learning curve, owing to the user-friendly design of the LabVIEW environment. Routine operations such 

asscanning,initiatingtests,and viewingresultsarestreamlined, reducing operator fatigue and human errors. Maintenance 

staff also reported ease in troubleshooting and servicing due to the modular hardware layout and accessible diagnostics. 

Fromascalabilitystandpoint,thesystemdemonstratesstrong potential to be adapted across other product lines. Its PXIe- 

based modular architecture allows for easy integration of additional testing channels or test routines without 

redesigning the entire setup. This flexibility ensures that manufacturers can respond swiftly to changes in product 

design or increased production demands with minimal downtime. 

 

VI. CHALLENGES AND LIMITATIONS 

 

The implementation of an automated ISG-EFI testing system, while highly beneficial, is not without its challenges and 

limitations. Factors such as cost, technical expertise, integration complexity, and maintenance requirements can impact 

overall adoption and performance. Understandingthese limitations is essential for informed decision-makingand future 

improvements. This section outlines the key obstacles encountered during system development and deployment. 

 

A. High Initial Setup Cost 

Deploying a PXIe-based automated testing system, combined with licensed LabVIEW software, incurs a substantial 

initial investment. This includes costs for hardware components like the PXIe-1084 chassis, data acquisition modules, 

barcode scanners, and specializedpower supplies. Additionally, software licensing and integration require financial 

commitment, particularly when custom LabVIEW development is needed. For small- to medium-scale manufacturers, 

these expenses can be prohibitive, limiting access to automation benefits. Budget constraints may lead to delayed 

implementation or relianceon less efficient manual alternatives. 

 

B. Requirement for Skilled Personnel 

The operation and maintenance of an advanced PXIe- based automated testing system necessitate skilled personnel 

proficient in both hardware integration and LabVIEW programming. This specialized knowledge is essential to 

configure the system, interpret test results, troubleshoot issues, and perform updates or modifications. As a result, 

organizations may face increased onboarding time, the need for continuous training, and higher labor costs. 

Additionally, reliance on a limited pool of qualified engineers can pose challenges during staff turnover or when 

scaling operations. 

 

C. Integration Complexity with Existing Systems 

Integrating the PXIe-based test platform with existing production infrastructure—such as ERP systems, MES 

(Manufacturing Execution Systems), or factory networks— can be a complex task. Differences in data formats, 

communication protocols, and system architectures may require custom middleware or interface solutions to ensure 

smooth interoperability. This process often involves significant development time, coordination with IT teams, and 

thorough testing to avoid data mismatches or system disruptions. As a result, integration can become a bottleneck, 
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especially in legacy environments with outdated or non- standardized systems. 

 

D. System Downtime and Maintenance Needs 

Despite the efficiencygains fromautomation, the system’s relianceonspecializedhardwarecomponentslikePXIecards and 

barcode scanners introduces a risk of downtime if any component fails. Unlike manual setups where quick fixesmay be 

possible, automated systems often require expert interventionfortroubleshootingandrepair.Additionally, regular 

calibration of measurement instruments andscheduled maintenance are essential to sustain accuracy and prevent 

performance drift over time. These maintenance routines, if not managed effectively, can interrupt production flow and 

impact throughput, highlighting the need for proactive maintenance planning and support infrastructure. 

 

VII. FUTUREWORK AND IMPROVEMENTS 

 

The continuous advancement of automotive technologies necessitates ongoing enhancements to testing systems. Future 

work will focus on increasing system intelligence, flexibility, and accessibility. These improvements aim to streamline 

operations further, reduce costs, and expand the tester’s applicability across diverse automotive platforms. 

 

 
 

Figure11-FutureDeviceSettings 

 

A. Enhanced AI-Based Diagnostic Algorithms 

Future testing systems can be significantly improved by incorporating artificial intelligence and machine learning 

algorithms. These technologies can analyze large datasets generated during testing to identify patterns, predict failures, 

and suggest corrective actions in real time. AI can also learn from historical data to refine test criteria and decision-

making over time, thereby increasing the accuracy of diagnostics. By enabling self-learning capabilities, the system 

becomes more adaptive to new ISG and EFI models and their varying behaviors, reducing false positives and 

improving fault classification. 

 

B. Expansion to Other Automotive Components 

The current testing framework, while designed for ISGand EFI units, can be extended to validate other critical 

electronic components in vehicles. Systems such as Anti-lock Braking Systems (ABS), Electronic Control Units 

(ECUs),and various in-vehicle sensors share similar testing needs in terms ofaccuracy, traceability, and automation. 

Byleveraging the modularity of the PXIe platform and the flexibility of LabVIEW software, the setup can be scaled or 

reconfigured for these components with minimal structural changes. This expansion would promote standardization 

across testing processes and improve overall quality assurance across the production line. 

 

C. Cloud-Based Data Management and Analytics 

To enhance accessibility and scalability, integrating cloud- based data management into the testing framework offers 

significantadvantages.Testresultsandlogscanbe automatically uploaded to secure cloud servers, enabling remote access, 

real-time monitoring, and centralized data storage. Advanced analytics dashboards can be implemented to visualize 

performance trends, identify recurring faults, and monitor quality metrics across different shifts or production lines. 

This transitionto cloud infrastructure not onlyimproves data traceability and compliance but also supports predictive 

analytics and decision-making, fostering proactive maintenance and continuous improvement in manufacturing 

processes. 
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D. User Interface and Experience Enhancements 

Improving the user interface and experience (UI/UX) is essential for ensuring that operators can interact with the test 

system efficiently and intuitively. Future improvements may include the development of a more streamlined, user-

friendly dashboard with real-time visual feedback, guided workflows, and context-based help prompts. Operator alerts, 

such ascolor-coded warnings and auditory signals, can enhance response times to issues during testing. Simplified 

navigation and touchscreen compatibility can further reduce training requirements and minimize the chance of human 

error, ultimately increasing productivity and operational accuracy. 

 

E. Cost Optimization and Scalable Design 

Future improvements will focus on reducing the overall system cost without compromising testing accuracy and 

reliability. This includes redesigning certain hardwaremodules with cost-effective alternatives and optimizing theuse of 

PXIe resources. Modular architecture will enable easy expansion or contraction of the tester based on production scale, 

making it viable for small to mid-size manufacturers. Scalable design also supports future upgrades, allowing additional 

test features or component compatibility without major infrastructure changes, ensuring long-term adaptability and 

investment protection. 

 

VIII. CONCLUSION 

 

The development of an Integrated Starter Generator (ISG) and Electronic Fuel Injection (EFI) Tester represents a 

significant advancement in automotive testing methodologies. By integrating National Instruments’ PXIe-1084 chassis, 

barcode-based traceability, and LabVIEW-controlled automation, the system delivers high accuracy, consistency, and 

efficiency across production lines. Automateddiagnostics, real-time monitoring, and data logging not only enhance 

product quality but also streamline the workflow, reduce human error, and support predictive maintenance 

strategies.The modular and scalable architecture allows for future expansion to accommodate additional automotive 

components and integration with modern Industry 4.0 practices. While there are challenges such as high initial costs 

and the need for skilled personnel, the long-term benefits in quality assurance, traceability, and throughput make this 

solution a valuable asset. Continuous improvement throughAI integration, cloud analytics, and user experience 

upgrades promises to further elevate the capabilities and impact of this advanced testing platform in the automotive 

sector. 
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