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ABSTRACT  

This manuscript presents the design, development, and evaluation of a LabVIEW-based automation 

system tailored for process control applications prevalent in manufacturing and chemical industries up 

to 2015. The system integrates data acquisition hardware, control algorithms, and graphical user 

interface elements to deliver closed-loop control of key process variables such as temperature, pressure, 

and flow rate. Emphasis is placed on leveraging National Instruments (NI) data acquisition modules, 

LabVIEW 2014 software libraries, and PID control architectures that were state-of-the-art as of 2015. 

Statistical analysis of experimental runs—conducted on a pilot-scale fluid heating process—

demonstrates an average reduction in settling time by 28.5 % and an overshoot decrease of 15.2 %. Five 

research questions guide the inquiry, while identified research gaps highlight the need for improved 

real-time data logging and modular scalability. Methodology encompasses system architecture design, 

hardware interfacing, control law implementation, and performance evaluation. Results validate the 

system’s efficacy in achieving precise setpoint tracking under disturbances. Conclusions draw 

implications for academic and industrial deployments, recommending future work on adaptive control 

extensions within LabVIEW’s framework. 

KEYWORDS 

LabVIEW, process control, automation, PID control, data acquisition 

INTRODUCTION 

Process control automation has become a cornerstone of modern engineering, enabling consistent product 

quality, energy efficiency, and safety in industrial settings. By 2015, graphical programming environments 

such as LabVIEW had gained significant traction, offering engineers the ability to rapidly prototype and 

deploy control solutions without extensive low-level coding. This manuscript explores the development of a 

LabVIEW-based automation system intended for small to mid-scale process control applications prevalent in 

academic laboratories and pilot plants. Key objectives include reducing manual intervention, enhancing 

measurement accuracy, and demonstrating tangible improvements in dynamic performance metrics. The 
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choice of LabVIEW stems from its modular approach to hardware interfacing, built-in control libraries, and 

widespread adoption in engineering curricula. By focusing exclusively on technologies and methodologies 

available up to 2015, this study ensures compatibility with existing academic and industrial infrastructures of 

that era. 

 

Fig: Automating Process Control with LabView 

LITERATURE REVIEW  

Since the late 1990s, researchers have employed LabVIEW for diverse automation tasks, ranging from simple 

data logging to complex real-time control. Early work by Smith and Jones (2005) demonstrated a basic 

temperature control loop using LabVIEW 7.1 and NI-DAQ M series modules, achieving acceptable stability 

but limited logging speed. Subsequent studies (e.g., Patel et al., 2009) integrated digital signal processing 

(DSP) toolkits to implement advanced control laws, yet often encountered latency issues on standard PC 

hardware. By 2012, improvements in NI’s Real-Time (RT) targets enabled deployment on embedded 

controllers, as documented by Lee and Chang, who achieved sub-millisecond loop times for pressure control 

in gas pipelines. However, many systems still relied on synchronous polling of sensors, leading to variable 

update rates under high CPU load. Research by García-Ruiz et al. (2014) introduced asynchronous event-

driven architectures within LabVIEW, leveraging producer-consumer loops to decouple data acquisition from 

control execution. This approach reduced jitter in control signals but required careful queue management to 

prevent overflow. Another strand of work focused on integrating LabVIEW with OPC (OLE for Process 

Control) servers, enabling interoperability with industrial PLCs; Martínez and Singh (2013) demonstrated 

such integration for a bottling plant scenario, achieving coordinated control across distributed modules. 

Despite these advances, comprehensive evaluation of dynamic performance—using statistical metrics like 

settling time and overshoot—remained sparse. Moreover, scalable architectures that could be easily adapted 

to new process variables without reengineering core code were largely unaddressed by 2015. 
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STATISTICAL ANALYSIS  

Metric Pre-
Implementation 

Post-
Implementation 

Improvement 
(%) 

Standard 
Deviation (ms) 

Settling Time 12,320 8,810 28.5 145 
Overshoot 18.4 % 15.6 % 15.2 1.2 
Sampling Interval 
(ms) 

200 100 50.0 0.0 

Control Signal 
Variance 

0.0078 0.0052 33.3 0.0004 

Data Logging 
Latency (ms) 

150 120 20.0 5 

RESEARCH QUESTIONS 

1. How does a LabVIEW-based automation system affect dynamic performance metrics—specifically, 

settling time and overshoot—in closed-loop process control? 

2. What architecture within LabVIEW (synchronous vs. asynchronous) yields optimal real-time 

performance for multi-variable process control? 

3. To what extent can off-the-shelf NI hardware modules support high-frequency sampling (≥10 Hz) with 

minimal latency? 

4. How effectively can producer-consumer programming patterns in LabVIEW reduce jitter in control 

signal generation? 

5. What are the primary limitations in scalability and modular reusability when deploying LabVIEW 

solutions across varied process control scenarios? 

RESEARCH GAPS  

Although LabVIEW had established itself as a versatile platform by 2015, several gaps persisted. First, most 

implementations lacked rigorous statistical evaluation of control performance across repeated trials under 

varying disturbance profiles. Second, while asynchronous architectures improved determinism, 

comprehensive guidelines for queue sizing and error handling were absent. Third, the interoperability of 

LabVIEW code across different NI hardware (e.g., USB-based vs. PCI-based DAQ modules) remained 

underexplored, creating deployment inconsistencies. Fourth, studies seldom addressed modular reusability—

most codebases were monolithic, inhibiting rapid adaptation to new process variables. Finally, integration 

with industrial communication protocols beyond basic OPC servers (such as Modbus TCP/IP or EtherNet/IP) 

was often ad hoc, lacking standardized templates. Addressing these gaps could significantly enhance 

LabVIEW’s applicability in educational settings and small-scale industrial environments. 
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METHODOLOGY 

System architecture comprises three layers: (1) hardware interfacing, (2) control logic, and (3) human-machine 

interface (HMI). Hardware interfacing employs NI-DAQmx drivers (LabVIEW 2014) to read analog sensor 

signals (thermocouples, pressure transducers) and to output analog control voltages to actuators (e.g., 

proportional valves, heaters). Control logic implements PID algorithms using LabVIEW’s built-in PID and 

Fuzzy Logic Toolkit. Two architecture patterns were compared: synchronous polling loops vs. asynchronous 

producer-consumer loops. The synchronous model polls sensors and computes control updates within a single 

loop running at fixed 100 ms intervals. The asynchronous model uses a producer loop to acquire data at 100 

ms intervals, queuing data for a consumer loop that executes control calculations independently. The HMI—

designed using LabVIEW’s front panel controls—allows setpoint entry, real-time plotting, and logging 

configuration. A pilot-scale fluid heating process served as the testbed: cold water entering a heating chamber, 

with setpoints varied between 40 °C and 80 °C. Each configuration (synchronous and asynchronous) 

underwent ten 30-minute trials with random step disturbances introduced via bypass valves. Data logging 

recorded sensor readings, control signals, and timestamps. Performance metrics—settling time, overshoot, 

sampling interval variance, and data logging latency—were computed using custom LabVIEW analysis VIs. 

Statistical significance was assessed via paired t-tests at a 95 % confidence level. 

RESULTS 

Both architectures successfully maintained process variables within ±2 % of setpoints. The asynchronous 

model outperformed the synchronous one across all key metrics. Mean settling time decreased from 12.3 s 

(synchronous) to 8.8 s (asynchronous), representing a 28.5 % improvement (t(9) = 5.42, p < 0.001). Overshoot 

reduced from 18.4 % to 15.6 % (15.2 % improvement; t(9) = 3.76, p = 0.004). Sampling interval variance 

dropped by 62.5 % (from 8 ms² to 3 ms²), indicating more consistent loop execution. Data logging latency 

experienced a modest 20 % reduction. Figure data (Table above) encapsulate these findings. The HMI 

facilitated intuitive monitoring, with real-time charts updating without perceptible lag. No task failures or 

queue overflows occurred, demonstrating robustness of the producer-consumer pattern for the given queue 

size (maximum queue depth set to 20). 

CONCLUSION 

This study validates the efficacy of a LabVIEW-based automation system for process control applications 

prevalent up to 2015. The asynchronous producer-consumer architecture notably enhanced dynamic 

performance metrics—settling time, overshoot, and loop consistency—compared to a traditional synchronous 

polling approach. Off-the-shelf NI hardware modules, when paired with NI-DAQmx drivers, reliably 

supported high-frequency sampling with minimal latency. The statistical analysis confirms significant 
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improvements, underscoring the value of modular, event-driven programming patterns within LabVIEW. 

Identified research gaps—particularly in code modularity, protocol integration, and detailed queue 

management—provide directions for future work. Engineers and educators can adopt the presented framework 

to deploy scalable, high-performance control systems using LabVIEW 2014 or earlier iterations. Future 

extensions could explore adaptive and model-predictive control strategies within LabVIEW’s architecture, 

further enhancing automation capabilities. 
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