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 
ABSTRACT 
Numerous of approach and research have been proposed to 
capture the early warning signal of landslide globally. 
Although the soil pressure monitoring is the best approach to 
capture the landslide early warning signal, the issue of data 
collection and communication between the pressure meter 
and analyst is the main constraint in the current technology. 
Therefore, this paper proposed the soil pressure monitoring 
with the new improved data communication as to detect any 
landslide early warning signal continuously without required 
human intervention for collecting the data. The main 
objective is to design, develop and test the soil pressure 
monitoring system using the latest Internet of Things (IoT) 
technology for solving the existing issues including timely 
and late sensing. Recent development in the field has been 
used as to identify the gaps and challenges in the study before 
the system was developed. The system comprises of BMP180 
pressure sensor, NodeMCU controller and Blynx application 
platform. Moreover, the performance of the system was tested 
according to the standard via exposing the system at different 
moisture content and depth of the soil. The comparison 
between the recorded data in the real soil pressure test were 
used to validate the performance of the system. As conclusion, 
the system able to operate at the same level of sensitivity with 
better connectivity for high stream data towards better 
sensing and decision taken. 
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1. INTRODUCTION 
Landslide or slope failure incident is not a new issue in 

 
 

Malaysia which occupying about 330200 km2 and located in 
the Southeast of Asia. According to [1], there are 600 deaths 
was recorded since 1961 due to frequent incident of landslide 
with 1990s being considered as the beginning of the period 
when landslides or hill slope problems gained notoriety. It is 
recorded that the most land-slide-prone areas are in Kuala 
Lumpur (19.2%) and Selangor (16.6%), followed by Perak 
with (13.4%) and Pahang about (12.3%) [1]. In this era, 
landslide occurs due to several factors such as stability of 
slope, climate change, human factor, and others.  

On the other hand, the weather is unpredictable thus 
anything danger could be appeared especially during high 
rainfall. Consequently, the soil probably has low stability 
since the soil has been forced due to seepage water and 
erosion of the surface of slopes due to flowing of water that 
has high surface runoff and infiltration. Therefore, 
observation of the pressure parameters in soil is very 
important as to detect this phenomenon.  

Previously, there are several sensor devices that has been 
used to detect and measure the pressure failure such as Fiber 
Bragg Grating (FBG), MPS-6 Decagon Devices and CPS120 
which incorporated with Arduino UNO. According to [2], the 
Fiber Bragg Grating has been employed for the safety 
monitoring of underground diaphragm wall in the foundation 
of pit excavation of subway station of Metro Line.  

Meanwhile, [3] mentioned that the effective solution 
supposed to have balance between accuracy, 
cost-effectiveness, simple maintenance, and installation. 
Moreover, [4] also emphasis on high quality, low cost, and 
range of solution. Both of the developed solutions proposed by 
[3] and [4] are for the research purpose and the sensor is very 
difficult to get in the market due to the high demand.  
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On the other hand, the data logger is the main important 
components to be connected to the sensor for monitoring and 
further rechecked on slope failure. Not only as an interface, 
but the data logger also works to collect the continuous data 
from the sensor. Pasqualli in [5] proposed to use Raspberry-Pi 
as data logger to record the locomotor activities from polar 
invertebrates at natural state.  Based on research done by [6], 
they are using Arduino as data logger for photovoltaic 
monitoring in remote area and developing countries due to 
the low cost. On the other hand, numerous other projects 
proposed of using Arduino as data logger and controller for 
monitoring as reported and used in [7]-[13]. 
 Thus, this paper describes on identifying the sensor and data 
logger that is suitable for detecting pressure parameter and 
store data from a sensor in the soil. Moreover, by installing 
the IoT based communication device the data can be easily 
captured and analysed. As a solution, we propose the IoT 
based pressure sensor system to keep track the changes and 
measure the pressure parameter in soil. 

2. METHODOLOGY 
Three stages of work have been adopted to accomplish the 
work proposed in this study. This include identification of the 
sensor system and component; installation and testing; and 
performance evaluation and analysis. 

 
2.1 Identification of the Sensor System and Component 
In this stage, the selection was made based precision, cost, 
and availability of the component in the market. The 
comparative over the other research also conducted as to 
provide the compatibility of the sensor and data logger for the 
application. Moreover, the evaluation also considers the 
sensor application in the research or commercialization. 

 
2.2 Installation and Testing 
The system will be developed using the selected sensor, data 
logger and controller from the stage 1. Moreover, the flow of 
the system development is shown in Figure 1. 

  

 
Figure 1: The flow of the system development 

As depicted in Figure 1, the sensor, data logger and 
controller will be assemble based on the project schematic. It 
follows by, developing the code for sensing the pressure and 
to store the data. Then, both module and complete code will 
be tested at this point. It followed by, the development of the 
application to display and to collect the pressure data from the 
constructed system. Next, the integration between the system 
and application will be tested. Finally, the functionality test 
will be conducted as to ensure the system work according to 
the specification required in slope failure monitoring  

 
2.3 Performance Evaluation & Analysis 
The performance evaluation was conducted in this stage. A 
complete process flow of the experimental setup is shown in 
Figure 2. 
 

 
Figure 2: Experimental setup for landslide pressure signal 

monitoring at different moisture content and depth. 
 

As depicted in Figure 2, three kilogram (kg) of wet granitic 
residual soil from site required in this experiment. The weight 
of the soil and container were measured and recorded. Then, 
the granitic residual soil will be dried for 24 hours. After that, 
the weight will be measured and recorded again for dried 
condition. Later, mixed the dried soil with 10 % of moisture 
content and filled the soil into the cylinder container. Then 
followed by inserted the sensor into the soil at 0.1m depth. 
The procedure was repeated six times and continued with 
different depth starting from 0.2 m, 0.3 m, 0.4 m, and 0.5 m. 
The testing was continued for 50 % and 100 % of moisture 
content. The data was recorded via serial monitor or Blynk 
application. A graph of pressure versus depth of soil for 10 %, 
50 % and 100 % of moisture content were plotted. 

3. RESULT AND DISCUSSION 
3.1 Identification of the Sensor System and Component 

The sensor has been selected to be used in developing the 
landslide monitoring system is shown in Figure 3. 
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Figure 3: BMP180 Digital Barometric Pressure Sensor 

As depicted in Figure 3, the BMP180 Digital Barometric 
Pressure Sensor has been chosen due to the sufficient level of 
pressure to handle, easier to get and reasonable cost. On top of 
that, BMP180 had several features which were low power 
consumption mode, high linear mode, compact size and 
consist of the I2C interface.  

Moreover, the suitable data logger shield has been selected at 
this stage as shown Figure 4.  

 

Figure 4: Shield Data logger with DS1307 

As depicted in Figure 4, the data logger shield with DS1307 
has been chosen based on the compatibility, reasonable price, 
and easy to get. It was also had some other feature which 
better than the other data logger. These data logger required 
memory card to store the data. Moreover, it also required 
lithium battery CR1220 for the Real-Time Clock (RTC). On 
the other hand, the main control is the main important 
component required in this project. The NodeMCU ESP8266 
was selected and used in this project as shown in Figure 5. 

 

Figure 5: NodeMCU ESP8266 

As shown in Figure 5, the NodeMCU ESP8266 has been 
chosen based on the IoT compliance device, compatibility, 
low power, and low cost. The NodeMCU is a low-cost IoT 
platform. Moreover, the NodeMCU ESP8266 required 

Arduino IDE software and Blynk to accomplish the software 
development function shown in.  

 

Figure 6: Arduino IDE software 

As shown in Figure 6, the tool is for designer to create, 
compile and upload the code to any Arduino compliance 
devices including the NodeMCU ESP8266. Moreover, the 
project required the tools to connect and read the data from 
the NodeMCU8266 for display and data transfer purposes 
without any wired connection. Therefore, the Blynk has been 
chosen to comply the requirement. 

 

Figure 7: Blynk IoT platform 

As shown in Figure 7, Blynk is a hardware-agnostic IoT 
platform with white-label mobile apps, private clouds, device 
management, data analytics, and machine learning. 

3.2 Installation and Testing 

The installation and testing were divided into two parts which 
are hardware and software.  

A) Hardware development 

The hardware development starts with assemble the sensor, 
datalogger and controller based on the schematic diagram of 
the project as shown in Figure 8. 

 
Figure 8: Schematic diagram of the project 

As shown in Figure 8, the project only involved three main 
components which are NodeMCU ESP8266; pressure sensor 
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BMP180; and datalogger shield DS1307. The complete 
assemble of the hardware is shown in Figure 9. 

 

 
Figure 9: Complete hardware component assembles 

As shown in Figure 9, the hardware component had been 
setting up and ready to apply on the soil. The NodeMCU was 
connected via USB cable to the laptop. Meanwhile, the 
pressure sensor was connected the NodeMCU via jumper 
cable from the breadboard. 

B) Software Development 

The software development to comprises of two part which are 
hardware and IoT interface part. The code initialization for 
the hardware part is shown in Figure 10. 

 
Figure 10: Complete code initialization 

As depicted in Figure 10, the complete code will be uploaded 
to the NodeMCU after it had been verified and compiled. The 
verified and compiled need to be done for avoiding any 
functionality and code error from occurred. Moreover, the 
pressure data collected from the BMP180 can be seen and 
observed via serial monitor display in the computer. 

 
Figure 11: Application Blynk in mobile phone 

As shown in Figure 11, the complete Blynk application in the 
mobile phone display the recorded data transferred from the 
NodeMCU. The result obtained from the serial 
communication were then compared with the data display in 
the Blynk application for validation purposes. Moreover, the 
gauge appeared in the Blynk shown the same value recorded 
by serial communication and data-logger. Furthermore, the 
Blynk used to display the value from sensor and can be read 
from anywhere. On top of that, the Blynk can be used to 
monitor the slope effectively thus reduced slope failure. It can 
be also notified the user if something dangerous occurred. 
Therefore, the authority can be aware and find solution to the 
problems that occurred thus reduce the number of accident 
and death. 

3.3 Analyse Data from IoT Device 

Figure 12: Pressure based on the depth of soil for 10 % 
moisture content 

As depicted in Figure 12, the pressure increased as the depth 
of soil increased for the 10% moisture content. Moreover, the 
pressure recorded shows the same pattern for each of the set. 
On the other hand, we can summarize that the slope tended to 
be stable due to less of water content at 10% moisture content. 
At this range, the engineer or responsible authority no need to 
be worried since it did not show any overshot pressure. 
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Figure 13: Pressure based on the depth of soil for 50 % 
moisture content 

As depicted in Figure 13, the pressure at range between 0.2m 
to 0.4m tended to have sudden increase due to high pressure 
that occurred in soil. At this state of 50 % moisture content, 
the slope became at medium risk as the water content 
moderate. Therefore, the responsible engineer or authority 
needed to be aware as soon as they got notification through 
Blynk on this mode of slope.  

Unfortunately, when the sensor needed to be tested for 100 % 
of moisture content, there is no measurement verified and it 
seems like the slope failure had occurred. Based on the result 
from BMP180, the slope tended to be failed regarding to high 
moisture content thus gave high pressure to soil. 

4. CONCLUSION 
As a conclusion, the landslide signal monitoring based on the 
BMP180 pressure sensor is work well via integration with the 
IoT solution. Moreover, the pressure result monitored tally 
with the direct measured and transmitted pressure data via 
IoT platform. Moreover, the authority can get notification on 
slope mode through Blynk and can start to create awareness 
for other safety thus avoiding workers from any risk. In 
addition, the previous data of slope monitoring can be 
obtained from SD Card that installed in data logger DS1307 
for further checking and research. 
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