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Abstract 

This study aims to examine the development of sensor technology in civil engineering 

infrastructure monitoring systems through a literature study approach with a qualitative descriptive 

method. The need for accurate, real-time, and sustainable monitoring systems is increasingly 

urgent as the complexity and age of public infrastructure increases. This study highlights the 

evolution of sensors such as strain gauges, accelerometers, and Wireless Sensor Network (WSN)-

based systems that are now integrated with the Internet of Things (IoT) and edge computing. This 

technology enables early detection of structural damage and efficient data processing, thereby 

increasing the effectiveness of structural maintenance and safety. However, implementation in the 

field still faces challenges such as initial costs, extreme environmental conditions, and limitations 

of existing structures. Through content analysis of various scientific publications over the past 

decade, it was found that the success of the Structural Health Monitoring (SHM) system is not 

only determined by the quality of the sensor, but also by the data integration strategy and 

analytical-based decision making. This study provides academic contributions in mapping trends 

and challenges of sensor technology and offers practical insights for the development of adaptive 

and sustainable monitoring systems, especially in developing countries like Indonesia. 
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Introduction 

Condition monitoring of civil engineering infrastructure, such as bridges, high-rise buildings, and 

dams, is becoming increasingly crucial given the operational challenges faced by these structures 

due to dynamic loads, climate change, and material aging factors. Accurate and real-time 

monitoring is essential to detect potential damage early on so that structural failure can be 

prevented. This approach is in line with the concept of Structural Health Monitoring (SHM) which 

was developed to ensure safety and extend the service life of infrastructure. Farrar and Worden 
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(2007) explained that SHM enables early detection of structural degradation, while increasing 

maintenance efficiency through data-based monitoring.
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The rapid development of sensor technology in recent decades has also driven significant progress 

in infrastructure monitoring systems. Technologies such as strain gauges, accelerometers, and 

temperature sensors have now become more intelligent and integrated with the Internet of Things 

(IoT) and wireless systems. This allows for continuous, wireless, and low-power data collection. 

Lynch and Loh (2006) emphasized that wireless sensors are not only cost-efficient, but can also be 

integrated into local data processing systems (edge computing), thereby accelerating the analysis 

of structural conditions in the field. The combination of modern sensors and digital communication 

networks allows monitoring systems to respond to changing conditions adaptively and with high 

precision. 

In contrast, conventional monitoring systems such as visual inspection or periodic non-destructive 

testing show various limitations. These approaches are highly dependent on human expertise, are 

subjective, and are unable to provide real-time information. Zhou et al. (2013) stated that these 

methods only provide a momentary picture of the condition of the structure, without the ability to 

detect dynamic changes or microdamages. Therefore, the transformation from conventional 

methods to sensor-based monitoring systems is an urgent need to improve the effectiveness, 

accuracy, and coverage of infrastructure monitoring as a whole. 

In the context of research development and implementation of monitoring technology, literature 

review plays an important role. Through a comprehensive literature study, researchers can examine 

the latest sensor technology trends, evaluate their effectiveness in various civil engineering 

applications, and identify challenges that arise from technical and environmental aspects. This 

approach is in accordance with the PRISMA method developed by Moher et al. (2009) as a 

standard in systematic reviews, to compile evidence-based information synthesis. By 

understanding global experiences and mapping research gaps, literature reviews become a strategic 

basis in formulating the direction of sensor technology development that is adaptive to local needs 

and contexts in Indonesia and other developing countries. 

Method 

This study uses a descriptive qualitative approach that aims to explore and understand the 

development of sensor technology in civil engineering infrastructure monitoring systems in depth 

and contextually. The literature review method was chosen as the main technique in data collection 

and analysis, considering that this method allows researchers to identify patterns, technology 

trends, and research gaps that emerge from various previous scientific sources. Literature studies 

not only provide a historical overview of the evolution of technology, but also serve as a conceptual 

basis for examining the relevance and effectiveness of sensor technology applications in various 

structural conditions. This approach is in line with systematic guidelines in qualitative research as 

stated by Creswell (2014), where literature studies play an important role in building theoretical 

frameworks and thematic synthesis. 



 

37 
 

The data sources in this study were obtained from secondary literature including scientific articles, 

conference proceedings, research institution reports, and peer-reviewed academic publications. 

The search was conducted through trusted databases such as Scopus, ScienceDirect, IEEE Xplore, 

and Google Scholar, with a publication year range between 2014 and 2024. The selected literature 

must meet the inclusion criteria, namely discussing sensor technology (such as strain gauges, 

accelerometers, temperature sensors, and IoT-based systems) in the context of monitoring civil 

engineering infrastructure such as bridges, high-rise buildings, and dams. Meanwhile, documents 

that are not substantively relevant, are opinionated, or do not meet academic standards are excluded 

from the analysis. This selection process refers to the principle of systematic mapping review as 

explained by Petersen et al. (2015), which emphasizes the importance of validity and relevance in 

literature selection. 

The collected data were analyzed using thematic content analysis techniques. The analysis was 

carried out in several stages, starting from the process of identifying relevant literature, followed 

by grouping data based on themes such as sensor types, installation methods, and integration with 

digital technologies such as the Internet of Things (IoT) and cloud monitoring. Furthermore, 

thematic synthesis was carried out to organize the findings into a narrative structure that contains 

the advantages, challenges, and potential applications of sensor technology in civil engineering 

practices. This technique is in line with Braun & Clarke's (2006) approach in thematic analysis, 

which recommends interpreting data through open coding and thematic categorization to build in-

depth and systematic interpretations. 

To ensure the validity of the results, this study applies a source triangulation strategy, namely by 

comparing and confirming findings from various publications and different institutions. This 

approach is important to avoid interpretation bias and ensure consistency between literatures. In 

addition, cross-citation is also used to assess the reliability and influence of each literature in the 

existing academic knowledge network. With this method, it is expected that the results of the study 

can provide a comprehensive, critical, and applicable understanding of the dynamics of sensor 

technology in monitoring sustainable civil engineering infrastructure. 

Results and Discussion 

In the context of modern infrastructure development, the need for accurate and continuous 

monitoring systems is becoming increasingly important. Infrastructure such as bridges, high-rise 

buildings, and dams face complex challenges as they age, undergo dynamic loads, and are exposed 

to extreme environmental conditions. Sudden structural failures are often preceded by micro-

degradation that is not detected by conventional visual inspection methods. Therefore, the use of 

real-time structural monitoring systems is a strategic solution to ensure public safety and the 

longevity of structures. This is in line with the idea of Structural Health Monitoring (SHM) which 

emphasizes early detection and data-driven maintenance as a proactive approach to infrastructure 

management (Farrar & Worden, 2007). 
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The development of sensor technology has contributed greatly to the effectiveness of SHM. In 

recent decades, sensors such as strain gauges, accelerometers, and temperature sensors have 

experienced significant improvements, both in terms of accuracy and energy efficiency. In fact, 

the presence of Wireless Sensor Network (WSN)-based systems allows the deployment of sensors 

on a large scale without complex cable infrastructure. This technology supports flexible, cost-

effective, and easily accessible integration for various types of civil engineering structures. Lynch 

and Loh (2006) showed that modern sensors can also be operated in the long term with minimal 

energy consumption, especially when supported by energy harvesting technology, making them 

ideal for remote locations that are difficult to reach. 

Furthermore, the integration of sensors with Internet of Things (IoT) technology and edge 

computing presents a new paradigm in infrastructure data management. With this system, each 

sensor is not only a data collection device, but also acts as a smart node capable of processing 

information locally. This not only reduces the burden of data transfer to the center but also 

accelerates the process of detecting structural anomalies. Zhang et al. (2019) proved that the 

application of edge computing in SHM can reduce system latency by up to 40% and improve real-

time response to critical conditions. In the context of large infrastructure such as overpasses or 

underground tunnels, this rapid response can be the difference between safety and system failure. 

However, conventional monitoring systems are still the dominant approach in many areas, 

especially in developing countries. Visual inspection and non-destructive testing (NDT) are still 

relevant, but are very limited in terms of frequency, accuracy, and objectivity. These limitations 

make conventional methods tend to be reactive, namely only responding to damage after it occurs 

or is detected by the naked eye. Research by Zhou et al. (2013) revealed that digital sensor-based 

monitoring systems are able to detect structural changes early, even before the damage reaches a 

critical stage. Therefore, digitalization of monitoring systems should not be just an alternative, but 

an urgent need in responding to future engineering challenges. 

However, the adoption of sensor technology is not free from various challenges in the field. In 

addition to the high initial cost, the main challenge lies in the integration of new systems into old 

structures that have not been designed to support digital monitoring. Environmental factors such 

as corrosion, high humidity, or excessive vibration can also interfere with sensor performance. In 

the study of Sun et al. (2020), it was stated that physical protection of sensors, automatic calibration 

systems, and data redundancy strategies are three important aspects in maintaining the reliability 

of monitoring systems in the long term. Failure to pay attention to local environmental conditions 

can cause serious disruption to data accuracy and overall system reliability. 

Equally important is how the data collected by the sensors is analyzed and utilized. The large 

volume of data from modern SHM systems requires an efficient and intelligent analytical approach. 

In practice, data fusion methods, anomaly detection, and machine learning algorithms are needed 

to filter important information from large and complex data sets. Kim et al. (2017) showed that 

combining data from various types of sensors can increase detection accuracy by more than 90%, 



 

39 
 

especially when equipped with AI-based predictive models. In other words, the strength of the 

SHM system depends not only on the quality of the sensors, but also on the system's capacity to 

process and interpret data effectively. 

This is where literature studies play an important role in building a deep understanding of sensor-

based SHM systems. Through a systematic review of various scientific publications and technical 

reports, researchers can identify the most relevant sensor types, efficient installation methods, and 

specific challenges in various geographical and structural contexts. This approach is in accordance 

with the PRISMA framework (Moher et al., 2009) which emphasizes the importance of 

transparency and systematicity in scientific literature reviews. Literature studies also allow 

mapping of research gaps, which can be the basis for the development of future monitoring 

technologies and policies. 

The implications of this study are multidimensional. Academically, this study contributes to 

enriching the literature on sensor technology in civil engineering, especially by focusing on the 

context of developing countries such as Indonesia. Practically, the results of this study can be a 

reference for policy makers, infrastructure planners, and engineering industry players in designing 

efficient and adaptive monitoring systems to local characteristics. The existence of appropriate 

technology will encourage the implementation of the principles of sustainability, cost efficiency, 

and increasing public safety simultaneously. 

Future research directions need to focus on developing sensor systems that are cost-effective, easy 

to implement, and resistant to extreme environmental conditions in Indonesia. In addition, cross-

sector collaboration between government, academia, and industry is needed to accelerate the 

adoption of this technology nationally. The development of local prototypes that are in accordance 

with tropical climate characteristics, as well as the preparation of data-based maintenance policies 

are important steps to support digital transformation in infrastructure management. Thus, sensor-

based monitoring systems are not only a symbol of technological progress, but also an integral part 

of a sustainable infrastructure resilience system. 

Conclusion 

Based on the results of the literature review and in-depth analysis, it can be concluded that the 

development of sensor technology has made a significant contribution to increasing the 

effectiveness of civil engineering infrastructure monitoring systems, especially through the 

Structural Health Monitoring (SHM) approach which is real-time, accurate, and adaptive to 

structural dynamics. The integration of sensors with Internet of Things (IoT) technology, edge 

computing, and artificial intelligence algorithms opens up great opportunities for early damage 

detection, maintenance cost savings, and increased safety and service life of structures. However, 

implementation challenges in the field such as initial costs, extreme environmental conditions, and 

limitations of existing structures need to be addressed through robust and contextual system design. 

This literature review confirms that the success of implementing sensor technology is not only 

determined by hardware, but also by the system's ability to manage, analyze, and interpret data 
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intelligently. Therefore, cross-sector collaboration and locally oriented further research are key to 

ensuring that sensor-based monitoring systems can be implemented sustainably and relevant to 

national needs. 
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