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Abstract—Pedestrian (walking) bridges play a vital role 

in urban and rural transportation by providing safe 

passage for people across roads, rivers, and railways. 

However, excessive pedestrian load, uncontrolled crowd 

movement, and lack of real-time monitoring can lead to 

structural stress and safety risks.  

Traditional inspection methods are periodic and do not 

provide continuous information about bridge capacity 

usage. Therefore, there is a need for an intelligent system 

that can monitor pedestrian load and structural behavior 

in real time to ensure safety and efficient management 

This research presents an IoT-Based Bridge Capacity 

Management System specifically designed for walking 

bridges. The proposed system uses a network of sensors 

such as load cells, strain gauges, and accelerometers to 

measure pedestrian load, vibration, and stress on the 

bridge structure. Environmental sensors are also 

incorporated to monitor external factors such as 

temperature and humidity, which may affect structural 

performance. The collected sensor data is transmitted 

wirelessly to a central processing unit using IoT 

communication technologies. 

The received data is analyzed in real time using cloud-

based platforms to estimate the current load on the 

bridge and compare it with predefined safe capacity 

limits. When the pedestrian load approaches or exceeds 

the allowable threshold, the system automatically 

generates alerts to authorities and displays warning 

messages for users. 

A web-based dashboard provides visual representation 

of live data, historical trends, and capacity status, 

enabling effective monitoring and decision-making. 

Experimental implementation on a prototype walking 

bridge demonstrates that the proposed system effectively 

monitors load conditions and improves safety by 

preventing overloading scenarios. The IoT-based 

approach reduces dependency on manual inspections 

and enables proactive bridge management. This system 

enhances pedestrian safety, supports infrastructure 

maintenance, and contributes to the development of 

smart and sustainable civil infrastructure. 

 

Index Terms—Internet of Things (IoT), Bridge Capacity 

Management, Pedestrian Bridge Monitoring, Load Cell 

and Strain Gauge Sensors, Vibration and Accelerometer 

Sensors, Real-Time Monitoring 

 

I. INTRODUCTION 

 

Pedestrian or walking bridges are vital components of 

transportation infrastructure, enabling safe and 

efficient movement of people across roads, rivers, and 

railway lines. With rapid urbanization and increasing 

population density, pedestrian traffic on walking 

bridges has significantly increased. During peak 

hours, public events, or emergency situations, these 

bridges often experience crowd congestion that may 

exceed their designed load capacity. Such conditions 

can result in excessive vibrations, structural stress, 

discomfort to users, and in extreme cases, structural 

failure. Ensuring the safety and reliability of walking 

bridges has therefore become a major concern for 

infrastructure authorities. 

 

Traditional bridge safety and maintenance practices 

rely mainly on periodic visual inspections and manual 

assessments. While these methods help identify visible 

damage, they are unable to provide real-time 

information about live pedestrian load and dynamic 

structural behavior. Sudden overloading, uneven load 

distribution, and abnormal vibration patterns often go 

undetected until noticeable damage occurs. The 

absence of continuous monitoring limits the ability of 

authorities to take preventive action, thereby 

increasing the risk of accidents and long-term 

structural degradation. 

 

Recent advancements in the Internet of Things (IoT) 

have enabled the development of intelligent 

monitoring systems capable of collecting and 

analyzing real-time data from physical structures. IoT 

technology allows the integration of smart sensors, 

wireless communication, and cloud computing to 

continuously observe structural parameters such as 

load, strain, vibration, and environmental conditions. 
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These technologies have shown significant potential in 

transforming conventional infrastructure into smart 

systems that support real-time decision-making and 

predictive maintenance. 

In this context, an IoT-Based Bridge Capacity 

Management System is proposed for walking bridges 

to ensure continuous monitoring of pedestrian load 

and structural response. The system employs sensors 

such as load cells, strain gauges, and accelerometers to 

capture real-time data related to bridge capacity usage. 

Environmental sensors are also used to account for 

temperature and humidity effects on structural 

performance. The collected data is transmitted 

wirelessly to a central server for real-time processing 

and comparison with predefined safety thresholds. 

The primary objective of the proposed system is to 

prevent overloading conditions and enhance 

pedestrian safety by providing early warnings and 

actionable insights. By generating alerts when the 

bridge approaches or exceeds its safe load capacity, the 

system enables timely intervention by authorities and 

helps regulate pedestrian flow. Additionally, long-term 

data storage and analysis support maintenance 

planning and structural health assessment. This IoT-

based approach contributes to the development of 

smart and sustainable infrastructure by improving 

safety, reliability, and operational efficiency of 

walking bridges. 

 

II. LITERATURE SURVEY 

 

Bridge safety and capacity management have been 

important research areas due to increasing pedestrian 

and vehicle traffic. Traditionally, bridge monitoring 

was carried out using manual inspections and periodic 

assessments. Although these methods help in 

identifying visible damage, they fail to provide real-

time information about load conditions, especially in 

pedestrian bridges where crowd density can change 

suddenly. 

With the advancement of sensor technology, 

researchers started using strain gauges, load sensors, 

and vibration sensors to monitor structural behavior. 

Early studies mainly focused on large vehicular 

bridges and aimed at detecting cracks, fatigue, and 

long-term structural damage. These systems improved 

maintenance planning but were not suitable for real-

time pedestrian load monitoring. 

The introduction of the Internet of Things (IoT) further 

improved bridge monitoring systems. IoT-based 

approaches enabled continuous data collection, 

wireless communication, and cloud-based analysis. 

Several researchers developed IoT frameworks to 

monitor parameters such as load, vibration, and 

environmental conditions. These systems reduced the 

need for manual inspection and allowed remote 

monitoring. However, most of these solutions focused 

on structural health monitoring rather than active 

capacity management. 

Some recent studies have focused on pedestrian 

bridges by analyzing vibration patterns caused by 

walking crowds. Accelerometers and load sensors 

were used to study human-induced vibrations and 

comfort levels. Although these studies provided useful 

insights into pedestrian behavior, they did not include 

automatic alert mechanisms to prevent overloading or 

control crowd movement. 

From the literature review, it is observed that existing 

research lacks a complete solution for real-time 

pedestrian capacity management on walking bridges. 

Most systems either monitor structural health or store 

data without taking immediate action. Therefore, there 

is a need for an intelligent IoT-based system that 

continuously monitors pedestrian load, compares it 

with safe capacity limits, and generates alerts to 

prevent unsafe conditions. The proposed system 

addresses this gap by providing real-time monitoring, 

alert generation, and effective bridge capacity 

management for walking bridges. 

 

III. METHODOLOGY 

 

A. System Requirement Analysis 

The first step of the methodology involves identifying 

the system requirements necessary for implementing 

the IoT-based bridge capacity management system. 

The hardware requirements include a microcontroller 

(such as Arduino or Raspberry Pi), load cells, strain 

gauges, accelerometer/vibration sensors, 

environmental sensors (temperature and humidity), 

Wi-Fi or LPWAN communication module, display 

unit, alarm/buzzer, and a reliable power supply. The 

software requirements include an embedded operating 

environment, programming languages such as Python 

or Embedded C, cloud platform services, database 

management system, and data visualization tools. 

These components are selected to ensure accurate data 
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acquisition, real-time communication, and efficient 

monitoring of pedestrian load on the walking bridge. 

 

B. Sensor Deployment and Data Collection 

In this stage, sensors are installed at appropriate 

locations on the walking bridge to continuously collect 

data related to pedestrian load and structural behavior. 

Load cells and strain gauges are used to measure the 

weight and stress exerted by pedestrians, while 

accelerometers monitor vibrations caused by walking 

or crowd movement. Environmental sensors record 

temperature and humidity variations that may 

influence structural performance. The sensors capture 

real-time data and transmit it to the microcontroller, 

where it is aggregated for further processing. 

Continuous data collection ensures accurate 

monitoring of bridge usage and capacity conditions. 

 

C. Data Processing and Transmission 

The raw sensor data collected from the bridge is 

processed locally at the microcontroller to eliminate 

noise and convert it into meaningful values. Signal 

conditioning and filtering techniques are applied to 

improve data accuracy. After preprocessing, the data is 

transmitted wirelessly to a cloud server using IoT 

communication protocols such as Wi-Fi or LoRa. This 

enables real-time remote monitoring of bridge 

parameters without the need for manual inspection. 

The transmitted data is securely stored in a cloud 

database for analysis and future reference. 

 

D. Capacity Evaluation and Threshold Analysis 

At the cloud level, the received sensor data is analyzed 

to estimate the current pedestrian load on the walking 

bridge. The system compares the real-time load values 

with predefined safe capacity limits based on bridge 

design standards. Threshold-based algorithms are used 

to detect overload conditions, abnormal stress levels, 

or excessive vibrations. If the measured parameters 

approach or exceed safety limits, the system identifies 

the situation as critical and prepares appropriate 

response actions. 

 

E. Alert Generation and Monitoring Interface 

When unsafe conditions are detected, the system 

automatically generates alerts to prevent potential 

accidents. Alerts are provided through visual 

indicators on display boards, audible alarms, and 

notifications sent to authorized personnel via a web or 

mobile interface.  

A web- based dashboard displays real-time sensor 

data, bridge load status, and historical trends, allowing 

authorities to monitor bridge conditions effectively. 

This step ensures timely decision-making, pedestrian 

safety, and efficient capacity management of the 

walking bridge. 

 

IV. ARCHITECTURE 

 

The architecture of the IoT-Based Bridge Capacity 

Management System is designed to enable continuous 

monitoring of pedestrian load and structural behavior 

of a walking bridge. The system follows a layered 

architecture consisting of sensing, processing, 

communication, cloud analysis, and alert/monitoring 

layers. This architecture ensures real-time data 

acquisition, reliable transmission, intelligent analysis, 

and timely response to unsafe conditions. 

At the sensing layer, various sensors such as load cells, 

strain gauges, accelerometers, and vibration sensors 

are installed on the walking bridge. These sensors 

continuously monitor pedestrian load, stress, and 

vibration levels caused by human movement. 

Environmental sensors such as temperature and 

humidity sensors are also included to observe external 

conditions that may influence structural performance. 

All sensors are interfaced with a microcontroller unit. 

The processing layer consists of a microcontroller or 

single-board computer such as Arduino or Raspberry 

Pi. This unit collects raw sensor data and performs 

initial processing such as filtering, normalization, and 

conversion into meaningful values. The processed data 

represents real-time bridge load and structural 

conditions. This layer acts as the core control unit of 

the system. 

The communication layer enables wireless 

transmission of processed data to a remote server or 

cloud platform. Communication technologies such as 

Wi-Fi, GSM, or LoRa are used to ensure reliable and 

continuous data transfer. This eliminates the need for 

manual data collection and allows remote monitoring 

of the bridge. 

The cloud and analysis layer stores incoming data in a 

database and performs real-time capacity evaluation. 

The system compares live sensor readings with 

predefined safe load thresholds. If abnormal 

conditions such as overloading or excessive vibration 
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are detected, the system identifies the situation as 

critical. Historical data analysis also helps in 

maintenance planning and long-term structural 

assessment. 

The alert and monitoring layer provides outputs to 

users and authorities. Alerts are generated in the form 

of warning displays, buzzers, or mobile notifications. 

A web-based dashboard displays real-time load status, 

sensor values, and historical trends. This architecture 

ensures pedestrian safety by enabling early warning 

and proactive bridge capacity management. 

 

V. RESULT 

 

The proposed IoT-Based Bridge Capacity 

Management System was successfully implemented 

and tested on a prototype walking bridge model. The 

system continuously monitored pedestrian load and 

structural behavior using load cells, strain gauges, and 

vibration sensors. The collected sensor data was 

processed in real time and transmitted to a cloud 

platform for analysis and visualization. 

During testing, the system accurately detected changes 

in pedestrian load as the number of people on the 

bridge increased. When the load approached the 

predefined safe capacity limit, the system generated 

early warning indications. Once the load exceeded the 

safe limit, alert messages were triggered immediately 

and displayed on the monitoring interface, confirming 

the system’s ability to prevent overloading conditions. 

The vibration and strain sensor data helped identify 

structural responses during normal walking and 

crowded conditions. Environmental sensors also 

recorded temperature and humidity values, ensuring 

that external factors affecting bridge performance 

were considered. The web-based dashboard 

successfully displayed live sensor readings, bridge 

load status, and historical data for effective 

monitoring. 

Wireless data transmission was found to be reliable 

with minimal delay, enabling real-time monitoring 

without manual intervention. Overall, the results 

demonstrate that the proposed system effectively 

improves pedestrian safety by providing continuous 

monitoring, early detection of overload conditions, 

and timely alert generation. The system proves to be 

suitable for smart and efficient capacity management 

of walking bridges. 

 

VI. CONCLUSION 

 

This research presented an IoT-Based Bridge Capacity 

Management System designed to enhance the safety 

and reliability of walking bridges through real-time 

monitoring and intelligent load management. The 

proposed system integrates multiple sensors, a 

microcontroller-based processing unit, wireless 

communication, and cloud-based analytics to 

continuously monitor pedestrian load and structural 

behavior. By comparing real-time sensor data with 

predefined safety thresholds, the system effectively 

identifies overload conditions and abnormal structural 

responses. 

The experimental results demonstrate that the system 

provides accurate and reliable monitoring of bridge 

capacity usage. The real-time alert mechanism enables 

timely warnings to authorities and pedestrians, helping 

to prevent unsafe situations caused by excessive crowd 

load. The cloud-based dashboard facilitates remote 

monitoring, data visualization, and historical analysis, 

supporting informed decision-making and proactive 

maintenance planning. 

Overall, the proposed system reduces reliance on 

manual inspections and enhances operational 

efficiency by enabling continuous monitoring and 

early warning capabilities. The IoT-based approach 

contributes to the development of smart and 

sustainable infrastructure by improving pedestrian 

safety and extending the service life of walking 

bridges. Future enhancements may include the 

integration of advanced predictive algorithms, 
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automated access control, and large-scale deployment 

for real-world applications. 
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