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Abstract: With the rapid development of China's economy, the level of industrial automation has continuously improved,
and automation instruments are playing an increasingly important role in industrial production, energy management,
environmental protection and other fields. However, traditional automation instruments have certain limitations in
intelligence, networking, and integration, making it difficult to meet the higher requirements of modern industry for
automation instruments. In recent years, the rapid development of new intelligent sensor technology has provided new
opportunities for the upgrading of automation instruments. This paper discusses the application of new intelligent sensors
in automation instruments, and analyzes their advantages, application fields and future development trends.
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1. INTRODUCTION

Research on the application of new intelligent sensors in automation instruments has important theoretical
significance and practical application value. This paper studies the application of new intelligent sensors in
automation instruments, aiming to explore the technical characteristics, application advantages and practical
application cases of new intelligent sensors in automation instruments. Through the analysis of the principles,
performance, characteristics and other aspects of new intelligent sensors, combined with the development trend of
automation instruments, this paper proposes application strategies of new intelligent sensors in automation
instruments, providing references for technological innovation and industrial upgrading of China's automation
instrument industry.

2. CHARACTERISTICS AND CLASSIFICATION OF NEW INTELLIGENT
SENSORS

2.1 Characteristics of New Intelligent Sensors

2.1.1 High Precision

New intelligent sensors have achieved a significant improvement in measurement accuracy. By adopting advanced
sensor technologies and algorithms, intelligent sensors can provide more accurate measurement results, meeting
the needs of high-precision measurement. This high-precision feature has broad application prospects in fields
such as industrial automation.

2.1.2 High Reliability

In the design and manufacturing process of new intelligent sensors, emphasis is placed on improving their
reliability. By using high-quality materials and advanced packaging technologies, intelligent sensors can maintain
stable working performance in harsh environments, ensuring the continuity and stability of system operation.
2.1.3 Multi-Functional Integration

The new intelligent sensor features multi-functional integration, integrating multiple functional modules into a
single chip to achieve synchronous collection of multiple measurement parameters. This integrated design

simplifies the system structure, reduces costs, and improves the overall performance of the system.

2.1.4 Intelligent Processing
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The new intelligent sensor has intelligent processing capabilities, enabling real-time analysis and decision-making
on the collected information. Through built-in algorithms and data processing modules, intelligent sensors can
achieve self-learning, self-adaptation, and self-optimization, improving the intelligence level of the system. This
allows intelligent sensors to have stronger adaptability and higher work efficiency in complex environments.

2.2 Classification of New Intelligent Sensors
2.2.1 Characteristics of New Intelligent Sensors

New intelligent sensors adopt advanced sensor technology, capable of detecting and measuring various physical
quantities with extremely high precision to meet the requirements of high-precision measurement. New intelligent
sensors have extremely high sensitivity, able to detect tiny changes in physical quantities and improve
measurement accuracy. New intelligent sensors can automatically adjust working parameters according to
environmental changes, with strong adaptive capacity [1]. New intelligent sensors have functions such as data
processing, analysis, and judgment, enabling automatic measurement, monitoring, and alarm. New intelligent
sensors can transmit data with other devices via wireless networks to achieve remote monitoring and management.

2.2.2 Classification of New Intelligent Sensors

Physical quantity monitors such as temperature detection devices, air pressure sensors, position change detectors,
and speed monitors. As well as chemical quantity monitors such as gas detectors, humidity detection devices, and
pH value measurement sensors. Biomass detection devices, including biosensors, enzyme sensors, and microbial
sensors, which work based on the characteristic that the resistance value of resistance elements changes with
measurement parameters. Capacitive sensors utilize the principle that the capacitance value of capacitive elements
changes with the measured physical quantity. Inductive sensors work based on the characteristic that the
inductance of inductive elements changes with the measured physical quantity [2]. Photoelectric sensors use the
principle of converting optical signals into electrical signals through the photoelectric effect. Magnetoelectric
sensors use the principle of converting magnetic signals into electrical signals through the magnetoelectric effect.
Piezoelectric sensors use the principle of converting mechanical energy into electrical energy through the
piezoelectric effect. Thermoelectric sensors use the principle of converting thermal energy into electrical energy
through the thermoelectric effect. Acoustic-electric sensors use the principle of converting acoustic energy into
electrical energy through the acoustic-electric effect.

3. APPLICATION OF NEW INTELLIGENT SENSORS IN AUTOMATION
INSTRUMENTS

3.1 Application in Industrial Automation
3.1.1 Production Process Monitoring and Control

New intelligent sensors can monitor various parameters in the production process in real time, such as temperature,
pressure, flow rate, liquid level, etc., ensuring the stability and efficiency of the production process. By analyzing
the data collected by the sensors, the intelligent control system can adjust the production process in real time,
improving production efficiency and reducing energy consumption. Intelligent sensors can promptly detect
abnormal conditions in the production process, such as equipment failures and abnormal process parameters,
providing early warnings to prevent accidents. Through the analysis of production process data, it provides a basis
for enterprise decision-making, optimizes production processes, and improves product quality.

3.1.2 Quality Inspection and Analysis

New intelligent sensors can realize online product quality inspection, monitor product quality in real time, and
improve inspection efficiency. By analyzing the inspection data, the fluctuation of product quality can be
understood, providing a basis for the optimization of the production process [3! . Intelligent sensors can record
product quality information, realize product quality traceability, and improve product quality management. Based
on the data collected by the sensors, the intelligent system can evaluate product quality and provide decision
support for enterprises.
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3.2 Application in Environmental Monitoring
3.2.1 Air Quality Monitoring

Types of intelligent sensors, such as PM2.5 sensors, CO2 sensors, VOC sensors, etc. They are applied to urban air
quality monitoring, industrial emission monitoring, indoor air quality monitoring, etc. New intelligent sensors
feature high precision, high sensitivity, real-time monitoring, etc., and can accurately capture the concentration of
pollutants in the air, providing a scientific basis for environmental management departments.

3.2.2 Water Quality Monitoring

Intelligent sensor groups, including detection equipment for conductivity, pH value, dissolved oxygen, turbidity,
etc., are widely used in quality monitoring of surface water, groundwater, industrial wastewater, drinking water
and other fields. These advanced sensors have the ability to monitor water quality changes in real time, providing
key data for water environment management and ensuring water quality safety.

3.2.3 Soil Monitoring

Types of intelligent sensors include soil moisture sensors, soil temperature sensors, soil conductivity sensors, etc.
They are mainly applied to farmland soil monitoring, forest soil monitoring, urban greening soil monitoring, etc.
New intelligent sensors can monitor parameters such as soil moisture, temperature, and conductivity in real time,
providing a scientific basis for agricultural production, water resource management, ecological environment
protection, etc.

3.3 Application in Intelligent Transportation
3.3.1 Vehicle Status Monitoring

New smart sensors can real-time monitor key operating data of vehicles such as speed, position, fuel consumption,
and tire pressure, providing drivers with accurate driving information and helping to improve driving safety. By
analyzing vehicle operating data, smart sensors can detect potential faults in advance, provide early warnings to
drivers, and reduce the accident rate[4]. At the same time, the sensors can also diagnose faults and provide
maintenance basis for maintenance personnel. Smart sensors can collect various data of the vehicle during driving,
providing a basis for vehicle performance optimization, and helping to improve vehicle fuel economy and
environmental performance.

3.3.2 Traffic Flow Monitoring

New smart sensors can real-time monitor information such as the number of vehicles, speed, and flow on the road,
providing real-time traffic condition data for traffic management departments and helping to scientifically dispatch
traffic flow. Based on the traffic flow data collected by smart sensors, intelligent traffic signal systems can adjust
signal light timing according to real-time traffic conditions, improving intersection traffic efficiency and reducing
congestion. Smart sensors can real-time monitor abnormal situations on the road, such as abnormal vehicle parking
andi¥i 1T (ni xing -1¥1T meansi¥ 1T, which is "1¥47" in Chinese, and the English translation is " 17" as "Wi17" is
a specific term here, but actually, "I¥4T" should be translated as "reverse driving" or "driving in the wrong
direction". However, according to the user's requirement to keep the original content, maybe it's better to translate
it as "reverse driving" here. So the corrected part is: "such as abnormal vehicle parking, reverse driving, etc."),
providing early warning information for traffic management departments, helping to deal with traffic accidents in
a timely manner and ensuring road safety.

3.4 Applications in the Medical Field

3.4.1 Vital Signs Monitoring

By implanting smart sensors into the patient's body or having the patient wear them, real-time monitoring of the
patient's vital signs such as body temperature, heart rate, blood pressure, and blood oxygen saturation can be

achieved, providing accurate data support for doctors. Smart sensors can transmit the monitored data to the cloud
in real-time, and doctors can remotely view the patient's vital signs through mobile phones, computers, and other
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devices, facilitating timely adjustment of treatment plans. When the patient's vital signs are abnormal, smart
sensors can issue an alarm in a timely manner to remind doctors and patients to pay attention, reducing the risk of
accidents.

3.4.2 Applications in Medical Devices

Smart sensors can be applied to surgical robots to improve the accuracy and safety of surgeries. For example, in
minimally invasive surgery, smart sensors can real-time monitor the position and force of the surgical knife to
ensure the smooth progress of the surgery. Smart sensors can be applied to rehabilitation equipment to help
patients with rehabilitation training. For example, smart crutches can monitor the patient's gait and provide
personalized rehabilitation plans for the patient. Smart sensors can be applied to medical monitoring equipment,
such as ventilators and heart monitors, to improve the intelligence level of the equipment and reduce the work
intensity of medical staff.

4. CHALLENGES AND COUNTERMEASURES OF NEW SMART SENSORS IN
THE APPLICATION OF AUTOMATION INSTRUMENTS

4.1 Technical Challenges
4.1.1 Further Improvement of Accuracy and Stability

The application of intelligent sensors in automation instruments focuses on the accurate measurement of the
physical quantities being measured. However, in practical applications, due to the influence of factors such as the
sensor's own characteristics, environmental factors, and measurement methods, it is difficult to achieve the ideal
measurement accuracy. Therefore, how to improve the measurement accuracy of intelligent sensors has become an
urgent problem to be solved. During long-term operation, the performance of intelligent sensors may be affected
by factors such as temperature, humidity, and vibration, leading to fluctuations in measurement results. To ensure
the stable operation of automation instruments, improving the stability of intelligent sensors is crucial.

4.1.2 Enhancement of anti-interference capability

In automation instruments, intelligent sensors are often affected by electromagnetic interference, resulting in
errors in measurement results. Therefore, how to improve the anti-electromagnetic interference capability of
intelligent sensors has become an urgent problem to be solved. In practical applications, intelligent sensors may be
affected by environmental factors such as temperature, humidity, and vibration, leading to deviations in
measurement results. To improve the anti-interference capability of intelligent sensors, it is necessary to start from
aspects such as sensor design, material selection, and circuit design to reduce the impact of environmental factors
on sensor performance.

4.2 Market Challenges
4.2.1 Cost Control Challenges

New-type intelligent sensors face cost control challenges in research and development, production, application,
and other links. First, intelligent sensor technology requires high R&D investment, including the construction of
R&D teams and the purchase of experimental equipment, which undoubtedly increases the cost burden of
enterprises. Second, in the production process, intelligent sensors have high requirements for materials, processes,
equipment, etc., leading to an increase in production costs. In addition, in the application link, intelligent sensors
need to be integrated with other automation instruments, which also increases the overall cost of the system.

4.2.2 Unification of Standards and Specifications

The application of new-type intelligent sensors in automation instruments needs to follow a series of standards and
specifications. However, there are currently certain standard differences in the field of intelligent sensors at home
and abroad, which brings many inconveniences to enterprises in product research and development, production,

and application.

4.3 Coping Strategies
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4.3.1 Strengthen R&D Investment

In response to the specific performance requirements for intelligent sensors in the field of automation
instrumentation, enterprises should increase R&D investment. By improving sensor structures, materials, and
processes, they can enhance sensor performance such as sensitivity, accuracy, and stability. Develop intelligent
sensors with functions like multi-parameter detection, adaptive adjustment, and remote communication to meet the
diverse needs of automation instrumentation. On the premise of ensuring performance, reduce the manufacturing
cost of intelligent sensors through technological innovation and large-scale production to improve market
competitiveness. Industry-university-research cooperation is an important way to promote the R&D and
application of intelligent sensors. Enterprises should establish close cooperative relationships with universities,
research institutes, and other institutions to conduct joint research on key technical challenges in the automation
instrumentation field and break through technical bottlenecks. Through industry-university-research cooperation,
cultivate a group of intelligent sensor R&D talents with innovative capabilities and practical experience.
Transform scientific research achievements into practical applications to promote the wide application of
intelligent sensors in the automation instrumentation field.

4.3.2 Promote Industrial Cooperation and Standardization

Establish an intelligent sensor industry alliance to gather resources from upstream and downstream enterprises,
research institutions, universities, etc., in the industrial chain, and jointly promote the application of intelligent
sensors in the field of automation instrumentation. The industry alliance can formulate industry standards and
technical specifications to promote the healthy development of the industry. Accelerate the standardization process
of intelligent sensors in the automation instrumentation field, and formulate and improve relevant national,
industry, and enterprise standards. Standardization work should cover sensor performance, interfaces,
communication protocols, testing methods, etc., to ensure that sensors and instrumentation equipment produced by
different enterprises can be compatible and interoperable. Encourage enterprises to increase R&D investment,
improve independent innovation capabilities, and strengthen intellectual property protection.

5. CONCLUSION

New-type intelligent sensors feature high precision and high reliability, which can meet the requirements of
automation instrumentation for measurement accuracy and stability. New-type intelligent sensors can realize
multiple measurement functions and reduce the volume and weight of automation instrumentation through
integrated design. New-type intelligent sensors have intelligent processing capabilities, enabling real-time data
collection, transmission, and processing to meet the networking needs of automation instrumentation. Select
appropriate intelligent sensors according to the application scenarios and measurement requirements of
automation instrumentation to improve the measurement accuracy and reliability of the instrumentation. Integrate
new-type intelligent sensors with the hardware and software of automation instrumentation to realize the
intelligence and networking of the instrumentation. Optimize data processing algorithms according to the data
characteristics of new-type intelligent sensors to improve the data processing capability and intelligence level of
automation instrumentation.
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