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Abstract - The in-situ soil infiltration test
using a double ring infiltrom@ter (DRI) apparatus can
be conducted in the field according to DIN 19682-
7 standards and progedures. As<required by these
standards, the traditional, paperfbased measurement
form can be replacedwith anew application developed
to meet standard requirements. The DRI apparatus
consists of two concentric rings placed in the soil,
filled with water, while the outer ring maintains a
constant water level. The water level drop in the inner
ring is observed and recorded at regular intervals. The
infiltration rate can be calculated for each interval by
measuring the change in water height over time. This
new application facilitates the automatic calculation
of both the actual soil infiltration rate and the Horton
soil infiltration model. Comparison tests between
the application results and Excel calculations have
yielded similar outcomes. The goal of this research
is to develop a mobile web-based application for
recording data and calculating soil infiltration
measurements using the DRI method. The research
methodology involves transforming the measurement
procedure into a concept, designing the application,
and then implementing that design. By replacing the
paper-based process, this application will enhance
the efficiency, accuracy, and flexibility of soil
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infiltration measurement projects in various locations.
Furthermore, the data will be stored in the cloud,
allowing for crowdsourced infiltration data collection
and monitoring from any location, including the office.

Keywords: soil infiltration, mobile web application,
Horton soil infiltration, DIN 19682-7, crowdsourcing,
cloud computing

I. INTRODUCTION

The standard method for measuring soil
infiltration in the field, known as in situ measurement,
involves a surveyor using paper forms to record water
drawdown in the ring of a Double-Ring Infiltrometer
(DRI) over a specific time interval. However, this
traditional method requires modification to reduce
systematic errors (Vandervaere et al., 2000). Paper
measurement forms are susceptible to damage
from rain or sweat, and handwritten notes can
vary in legibility and clarity depending on the
note-taker's level of fatigue (Sulistyo et al., 2020).
When field notes lack clarity, their integrity may be
called into question. Therefore, there is a need for
innovative technological advancements to replace
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the conventional procedure of filling out in situ test
forms, minimizing potential human errors. Recent
advancements in mobile technology offer a novel
and faster approach for recording and storing in situ
soil infiltration measurements. This new method will
improve data collection and enhance the utilization of
the acquired data.

The soil infiltration data obtained can be
used for various further analyses, including runoff
prediction, flood forecasting, and drainage design.
Poor-quality soil infiltration data can lead to significant
consequences, such as inaccuracies in flood analysis
and mitigation planning. In contrast, high-quality
data can be beneficial in fields such as agriculture,
hydrology, and environmental engineering (Sun et al.,
2024).

One method for assessing soil infiltration is an
in situ test using a DRI. The standard measurement
procedures for DRI are outlined in DIN 19682-7 and
ASTM D3385. These standards detail the methods
for determining the infiltration rate of surface water
into soil layers using the DRI. The DRI consists of
two concentric rings that are inserted into the soil,
with water maintained at a constant level within both
rings (Abdelmoneim et al., 2021). The infiltration
rate is then calculated based on the time taken, the
remaining water volume over specific time intervals,
and the dimensions of the rings (DIN Media, 2015).
Comparatively, the DIN 19682-7 standard offers mozé
straightforward procedures and is primarily used fof'in
situ soil infiltration measurements.

The traditional method for measusing, soil
infiltration involves recording the initial water height
and then introducing water into a DR{ setup on the
soil. This process has typically been dongymdnually,
using either a field book or a paper-based form.
However, the growing demand 40or real-time data has
driven the development of field recording systems that
leverage ubiquitous and cloud.computing (Sulistyo et
al., 2022). As a result, soil mfiltration'datarcan now be
recorded and stored on a,cloudserver, allowing users
to access this information frtom amywhere at any time.

Moreover, these systéms facilitate the rapid
recordingand collection of simultaneous measurements
across vast areas, promoting participatory science
or citizen science initiatives (Kouadio et al., 2024).
Previous research indicates that data entry via paper-
based forms tends to be less accurate, resulting in
an error rate of approximately 7%. In contrast, data
entry using a personal digital assistant achieves high
accuracy, with an error rate of only 1% (Thriemer et
al., 2012).

The use of smartphones in soil projects has
led to advancements in application development and
research within the European Union (EU) countries.
This initiative, funded by the EU, aims to enhance
existing methodologies and develop new techniques
for sensor-based, high-resolution digital soil mapping.
The applications have been developed for both
Android and iOS platforms, featuring the ability to
connect compatible sensors for assessing various soil

mapping parameters.

One notable application is “Soilweb," a tool
designed for conducting soil surveys. It provides users
with access to a database of soil characteristics based
on location, including infiltration rates, texture, and
water-holding capacity. Experts frequently use this
application to gain a deeper understanding of soil
properties (Gorthi et al., 2022).

Another study analyzed the use of smartphone
cameras as sensors for measuring tension disk
infiltrometers using R, yielding results that closely
matched those from laboratory experiments (Latorre
et al., 2021). Additionally, the smartphone application
"LandPKS” was examined, with more information
available at https://landpotential.org (Maynard et al.,
2022). The accuracy of soil mapping can be validated
through decision support system applications, such as
LandPKS (Maynard et al., 2023). Further research,
utilizing the ABAQWS platform and focusing on
expansive soil, repofted a reduetion in strength due to
changes in water conteénte@used by waterfall infiltration
(H. Rao et algm2021). While statistical software has
been used 4o analyze tHegedrrelation between soil
infiltration| rate, texture) and strength, data recording
has still been“earried ouf using conventional methods
(Cléophas et al.,,.2022).

Thi§research aims to develop a cloud database
forfield infiltration data and a dedicated mobile web
application, @r a responsive web application, based
on DINNIO682-7. Soil scientists and hydrologists
worldwide use these standards for measuring soil
infiltration. The application will allow multiple
surveyors to take measurements and record data
simultaneously in various locations (Fraisl et al.,
2022), with all data stored on a single database server.
Other users can retrieve the stored data instantly from
the cloud database server using ubiquitous computing.
This research suggests that the application reduces the
time spent on recording and reporting field infiltration
measurements and minimizes potential recording
errors due to improved legibility and clarity of field
notes. Additionally, the data can be quickly analyzed
using the Horton infiltration model, which incorporates
the model calculation algorithm within the application.

II. METHODS

The mobile web application designed for
recording data from in-situ soil measurements can
be operated on any mobile browser platform. The
procedures and data requirements are based on the
DIN 19682-7 standards. This application will be
developed on a cloud web server. It will interact with
a database server to perform Create, Retrieve, Update,
and Delete (CRUD) operations on data (Negreiros et
al., 2023).

The transformation of the DIN 19682-7
standards into the mobile web application involves a
series of seven stages. The first stage of this research
is a literature review focused on infiltration
measurement using DRI, ASTM D3385, and DIN
19682-7. This review aims to provide an understanding
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of the latest research and developments in recording
methods for in situ infiltration tests. Information
gathered from research and review articles published
in reputable journals will highlight advancements
in technology for measuring in-situ soil infiltration.
The process and procedures for conducting in-situ
infiltration tests are summarized from best practices
outlined in published standards, scientific articles, and
books. These resources will inform the design of the
application process. The forms and reports generated
for in-situ infiltration measurements will primarily
adhere to the DIN 19682-7 standards.

The second stage involves designing and
implementing database tables in accordance with the
standard procedure for in-situ testing. This design
takes into account factors such as location conditions,
apparatus dimensions, soil type, and the data required
during the field test. The process of creating the
database is carried out using the phpMyAdmin
application on an online server. This includes setting
up the CPanel web application, which also installs
a web server and a MySQL database server. The
resulting database consists of a location table that
can store multiple records for each location point,
including field measurements. Measurement data will
be recorded in the measurement table. Additionally,
the application queries the user's table and profile
table, temporarily storing this information as session
variables when the user logs in (Lala et al., 2021)¢

The third stage focuses on transforming
parameters related to the apparatus, soil), and
water—such as the diameter of the ringgsoil ‘type,
water temperature, initial height, intefval time, and
differential height—into the user interface. A report
template is also provided as a web “pagel allowing
for the display of results from data mterpretation
and calculations. Key priofities in this user-facing
design and implementation stage, include flexibility,
ergonomics, and user-fiiendliness (Ring et al., 2025).
This stage is accomplished usmg HITMIL and CSS.

The fourth ‘stage nwelves writing PHP code
to enhance the user ‘interface's functionality, which
includes measurement forms and report templates.
This stage also focuses on’position marking in the
field through location tagging using Google Maps.
By utilizing JavaScript and PHP, we can record the
geographical coordinates of the measurement location.
The geolocation process in this stage leverages
webGIS technology based on the Leaflet framework,
GeoJSON, and Google Maps to accurately capture
the geographical coordinates of the in-situ infiltration
measurement location. Once recorded, the location
point will be displayed in the webGIS along with its
associated attributes (Sergeeva et al., 2022).

The fifth stage encompasses application testing
and debugging. This phase ensures that the application
functions as expected and helps to identify any bugs
or errors. It includes conducting field infiltration tests
to discover and correct any mistakes or inaccuracies.
Testing is performed for each user interface function
of the application by inputting dummy data to verify
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its functionality. Any errors or malfunctions in the user
interface or the application will be addressed and fixed.
This thorough testing process is repeated multiple
times to ensure that no application bugs remain.

The sixth stage involves verifying that the
application complies with DIN 19682-7 standards and
specifications. This is done by ensuring that the stored
and collected data, time intervals, and calculated
infiltration rates align with the DIN 19682-7 standard.
The measurement table, calculation results, and report
must adhere to both the standard and the requirements
outlined in the attachment of DIN 19682-7. To ensure
accuracy, the calculation results are verified through
manual calculations to confirm that the governing
formulas are functioning correctly. The validation
process includes comparing the calculation results
obtained from the app with those from a spreadsheet
calculation. If any_mencompliance is identified, it
is addressed by #evising the calculation algorithm
and code, followed by.affecheck of the results. This
compliance cycle“Will continue to iterate until the
results arefaligned with the séferenced standards.

The seventh ‘stage” focuses on improving
the application by\ incorporating user feedback
and requests. Devglopers aim to enhance both the
user interfac@pan@d functionality in response to user
feedback (Cao et al., 2023; Peng, 2024). In this final
stage, develOpers receive user reports that include bug
reports oft specific features and suggestions for the
user interface layout. These insights are acted upon
topfacilitate ongoing improvements throughout the
application's life cycle. Listening to user feedback is
essential for refining the application and addressing the
evolving needs of users (Bandi et al., 2023). This stage
also enables the collection of user data and feedback,
which helps identify user needs and opportunities
for further application enhancements (Enriquez et
al., 2019). Overall, the development process has
employed the "divide et impera,” or "divide and
conquer," approach to translate the initial idea into a
functional application. The flow of the development
stages is illustrated in Figure 1 (see Appendices).

III. RESULTS AND DISCUSSIONS

The database design was implemented using
PHPMyAdmin. The implementation process involved
creating, setting up, and modifying the MySQL
database's structure. The new database was created by
accessing PHPMyAdmin through the CPanel menu
provided by the web hosting provider. The next step
was to create a database user and password, which
were then assigned to the database. These credentials
will later be used in the application configuration
file to access the CRUD records in each table of the
database. The tables created in the database include
the users table, user profile table, location data table,
infiltration_data table, and picture table. An illustration
of the table structure and its relationships is shown in
Figure 2 (see Appendices).

The user interface design of this application
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has been tailored for mobile browsers, prioritizing
flexibility, ergonomics, and user-friendliness (Nebe &
Heimgiértner, 2024). Figure 3 (see Appendices) presents
a use case diagram that illustrates the application's
concept and the roles of the various actors involved.
This concept is then translated into the user interface
design. The application features several user interfaces
that allow users to manage their data, including
functions for creating, reading, updating, editing, and
deleting information. A list of user interfaces designed
to meet user needs is presented in Table 1.

Table 1 List of User Interfaces

Z
e

User Interface

Login page

Register page

User profile page

Main menu page

Plotting location page

Form of the measurement data page
Editing page

Data calculation page

O 00 3 O W B~ W N =

Location map page

The main menu page functions as the home
page, providing access to all available features,
including the user profile, infiltration data, map views
of owner data, map views of all user datagand the
logout option. This menu appears once the userihas
completed the authentication process, which includes
registering their name and password and eompleting
the login page, as shown in Figure 4 (see Appendices).
If the user wishes to return to thig,page, everyfeature
includes a back button that directs them to the main
menu page. The layout of the;main menu also serves as
the landing page for logged=in usersjishown in Figure
5 (see Appendices). Additionally, the application will
automatically log the userout aftér approximately one
hour of inactivity.

When the user accesses the infiltration data
feature, the browser displays the measurement
location page, as shown in Figure 6 (see Appendices).
The page also contains the project and data access.
The "Add Location" button allows users to add new
measurement locations. Clicking this button opens an
interactive Google-based map. Users can zoom in or
out to pinpoint the exact geographical coordinates of
their chosen area. They can refer to various basemap
features, such as roads, rivers, buildings, and other
landmarks.

A dialog form window will appear on the page,
displaying fields for longitude and latitude already
filled out, along with empty fields for the location code
and remarks. Users can also acquire longitude and
latitude data using a geolocation API or smartphone
global navigation satellite system (GNSS) sensors
(Sulistyo et al., 2025). The base map for location

plotting is illustrated in Figure 7 (see Appendices).
Once the location data is stored in the database, it will
be listed by location names and codes under the "Add
Location" button on the Measurement Location page,
as depicted in Figure 6 (see Appendices).

The measurement location page can have one
or more records of infiltration measurements. If there
are no infiltration measurement entries, a red badge
will display a zero (0), and the location data will be
erasable. Conversely, if there are entries, the total
number of measurements will appear on the badge,
and the location data will be non-removable. When
a location is selected, it will expand to show two
option buttons: one for a S-minute interval infiltration
measurement form, and another for an adaptable or
flexible interval infiltration measurement form. The
list of infiltration measurement data for each location
can be edited, displayedsgor deleted, as illustrated in
Figure 6 (see Appendices).

The infiltration meaSurément form consists
of two pages. The firstfpage is set up for a standard
S-minute intefvaly while the seéeond page allows for
custom intg¢rval settings tailored to field conditions or
the surveyor's specific meeds. These data input forms
include fields for time (in seconds), starting height
(inf centimeters)fpand ending height (in centimeters).
Additionally, these forms feature a stopwatch to
provide a timeteference for the user when reading
the water sutface in the inner ring. One of the main
advantages of this application is that it eliminates
theémneed for the surveyor to carry various tools for
the measurement process. Captured screenshots of
these measurement forms are shown in Figure 8 (see
Appendices).

The data calculation page displays the infiltration
rate table in centimeters per hour (cm/h). This page
can also be used to perform advanced calculations for
the Horton infiltration rate model, based on the actual
infiltration rate. Additionally, it can calculate the trend
line from the data regression of time (T) hour and
log(f-fc).

The calculation using the Horton model follows
several steps. First, the trend line for time versus
log(f-fc) is represented by the formula in Equation
(1). Then, the values of ¢ and m can be solved using
the following Equations (2) and (3). Next, Horton
infiltration rate is calculated using Equation (4)
(Viessman & Lewis, 2011; Vishwakarma et al., 2024).
Where £ is the intercept and slope of linear regression
of log(f-fc) against time (Vishwakarma et al., 2024),
then the decay constant (k) can be solved using the
simplified formula in Equation (5).

y=mx+rc (1)
L IyEe-YeTey
T oon Baxl—(Ex)t (2)
= E-r:&F—E'.rEJF
nXa?—(E«)? 3)

fe=fe+(fo—fle™ foro=t=t.
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1
m+ 434 (5)

By selecting the fc value from the actual
infiltration rate calculation, the application displays
the Horton soil infiltration values in the last column of
the field measurement data table. The actual infiltration
rate and the Horton infiltration rate are then compared.
Their results, as defined by Equation (4), are illustrated
in Figure 9 (see Appendices).

The final feature is the location map of the
measurement point. The location data is converted to
GeoJSON format and integrated into the interactive
map on OpenStreetMap within the webGIS platform.
Information about the data owner and the location
name is displayed in a pop-up dialog when the location
symbol is selected. This map page is beneficial
for monitoring the progress of a soil infiltration
measurement project conducted by multiple surveyors
across various locations. An illustration of the
interactive location map is shown in Figure 10 (see
Appendices).

The main coding is performed using native PHP.
PHP is essential for implementing the user interfaces
and formulas of web-based applications. The code
is written to send data to the database and facilitate
CRUD operations on the database table. Below are the
pseudocodes for the PHP scripts used to calculate t
height difference (AH) and the time difference (A
the infiltration measurement form page:

variable code = code posted
variable Count

count (variable posted start)

FOR (i=0; i<Count; i++)

variable dh=posted variable end o
variable start at i
variable hour = posted v
variable dt = vari

at (i-1)
variable ac
variable dt at i
IF (variable poste rt at i not empty)

SQL Query = INSERT'INTO ‘infiltration data’
(‘data_id", "project id’, 't mnt’, 't hour’, ‘h_awal’,
‘h_akhir’, ‘delta_h', ‘delta_t, ‘dh_per h', ‘uji_
ke") VALUES (NULL, "'project id at i"", ""minute at
i", "hour at i"", "'start at i"", ""end at i"", "'dh at i",
"'dt at i"', ""infiltration at "', ""code™")")

END of IF

END of FOR

osted

le minute at 1
i, — variable hour

The list of codes provided will manage the
data from soil infiltration tests, encompassing time
readings and water drops measured in the inner ring
of the DRI. This data is stored in the infiltration_data
table within the database, as shown in Figure 11 (see
Appendices). The AH, AT, and the actual infiltration
rate generated by the PHP code can be retrieved and
displayed as an HTML table, as illustrated in Figure
12 (see Appendices).
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The following list of PHP and HTML code
display the columns of fc, (f-fc), and log(f-fc) after the
user determines the constant infiltration (fc) rate, using
the stored variable fc in MySQL. Then, the application
conducts the calculations for (f-fc) and log(f-fc), and
displays the results in the table shown in Figure 12
(see Appendices). The pseudocode for calculating f~fc
and log(f-fc) is provided in Figure 13 (see Appendices)
and is also presented below:

IF variable fc is selected
THEN calculate:
variable f fc = variable f — variable fc
variable | f fc=loglO(variable f fc)
END of IF

The following code calculates the sums of
variables, their squa alues, and the squared sums,
along with other g@levant statistics. These results are
essential for conductin regression, where time
is treated as the and log(f-fc) as the y-axis. To

shown in the pseudocode below:

able Sx2+= variable t_hour of i* variable
" hour of i
variable Sxy+= variable t hour of [ *
log10(variable f-fc of 1)
END of FOR

//Variable Sx = sum of variable t hour
//Variable Sy =sum of log10 (variable f-fc)
//Varible Sx? = sum of (variable t_hour *variable
t hour)

//Variable Sxy = sum of (variable t_hour*
log10(variable f-fc))

_EyEa-FxXaxy
~ aLa-(Zx)® gpd

_ Zxy-Ex¥y
T nEat—(Tx? (6)

The above code produces a column for each
variable along with their sums. These results are then
used to derive the linear regression equation y = mx+c,
where ¢ and m are calculated using Equations (2) and
(3), in the following Equation (6). Those Equations
can be transformed into the following PHP and HTML
code. The values of ¢ and m are calculated when the
code runs. The decay constant k can be calculated
from Equation (5) where j, — 1 asdepicted in

m s 0.434

Figure 14. Pseudocode of calculation of ¢, m,

and £ is as follows:

variable ¢ = ((variable Sy * variable Sx2)-(variable

Sx * wvariable Sxy))/((variable Sx2)-
(variable Sx * variableSx));
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variable m = ((variable Sxy)-(variable Sx * variable
Sy))/((variable Sx2)-(variable Sx *
variable Sx))

variable k = -1/(variable m * 0.434)

fe=fot(fo—fe™™ (7)

Equation (7) presents the implementation of the
Horton infiltration rate calculation based on Equation
(4). An example of the calculation results is illustrated
in Figure 15 (see Appendices). The potential benefits
of adopting the proposed application can be evaluated
by comparing the advantages and disadvantages of
recording soil infiltration tests and calculating soil
infiltration rates using traditional paper-based forms
versus the proposed application. Currently, the DRI
in-situ soil infiltration measurement data is typically
recorded on a paper form, which can be printed from the
DRI apparatus manual. Table 2 presents a comparison
between the proposed web-based application and the
paper-based method. This comparison highlights the
potential benefits of using the proposed application
for conducting field measurements of soil infiltration
with DRI, as opposed to the conventional paper-based
approach.

Table 2 The Strength Comparison of the Paper-based
Form and the Proposed Application

Strenghts Paper-based Web-based
Error-prone + -
Greater Data sharing and - +

accessibility
Automatomation Feature -
Faster (less time) -

User familiarity (relatively no
need for skill)

Searchability - +
Accuracy -

No Power/Electricity/Battery N -
No physical storage & protection - +
Weather proof - +
Eco Friendly - +
No dependency + -
No need for further work - +
(retype)

Clarity, Legibility, Tidiness - +

The shift to the proposed application is timely,
given that most people now use smartphones with
internet browsers and can easily access the internet
through GSM networks, Wi-Fi, and other means.
Another advantage of the proposed application is
its potential to facilitate crowdsourcing or citizen
science approaches in soil infiltration data collection
across larger areas, involving multiple experts in this
field (Arienzo et al., 2021; Pudifoot et al., 2021).

Furthermore, users can obtain updated data more
quickly and cost-effectively for purposes such as
research, planning, and predictions.

The developer can enhance the application
based on user requirements and feedback. This
approach will ultimately benefit the application,
making the data more comprehensive and accurate.
Users will be able to download more data, resulting
in a denser location database that enables faster and
more effective work. The stored data can be utilized in
various research areas, including flood management,
agriculture, groundwater management, drainage, and
drought mitigation, among others.

The application can be further developed to
meet the specific needs of various users, including
researchers, planners, surveyors, students, and teachers,
each with their roles and access rights. Additionally,
the sensors can be impeeved to enable automation,
which will reduce theffasks surveyors need to perform
in the field and increase thef@ccuracy of the uploaded
data (A.S. Rao et al.j32022). With advancements in
artificial intelligence, the recordéd soil infiltration data
on the seryer can besqueried by a machine-learning
algorithm toypredict thesoil infiltration rate based on
the agailable stored parameters (Lupian-Machuca et
alg2024; Sulistye.&Fauzi, 2023).

THe application is designed for mobile web
usagefand rum§”on any mobile platform, including
Andreid, 19S, and Windows phones. As it operates
on mobilé and internet browsers, installation is not
réquired. However, a limitation of this app is that it
cannot directly read geographic coordinates from the
built-in GPS for location tagging, as it relies on a server
application that is not installed on the smartphone.
Instead, the application uses Google Maps to mark and
plot the location by pinpointing the area on the map.
The advantage of plotting locations using a zoomed-
in Google Map is that it provides more accurate
coordinates, mainly when the location includes map
features such as roads, buildings, rivers, and other
landmarks, rather than relying solely on built-in GPS.
The plotting of static positions at 10-minute intervals
using a smartphone's standard built-in GPS can
deviate by 1 to 5 meters from the actual ground truth
(Uradzinski & Bakuta, 2020).

In comparison with existing products, such as
sensor-based infiltrometers that measure soil infiltration
rates and automatically transmit data to a cloud server
(Whenua, 2019), the proposed application provides a
more cost-efficient alternative. It can be used without
licensing fees and is compatible with conventional
DRI apparatuses. Conversely, commercial products
are typically integrated with proprietary infiltrometer
devices and sensor systems.

IV. CONCLUSIONS

The developed application is designed for
recording and calculating soil infiltration using the
DRI method, following the DIN 19682-7 procedure.
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This method has demonstrated its effectiveness by
automating data calculations, which reduces the time
needed for the data cycle and simplifies automated
reporting. Additionally, the proposed application and
method enhance data accuracy by minimizing errors
associated with illegible handwritten notes, enabling
faster calculation of infiltration values from input data
compared to previous methods. The function code used
in the application produces results that are consistent
with those obtained from spreadsheet formulas,
enabling calculations to be directly applied in the field
once testing is complete. Another significant advantage
is enhanced data management, which streamlines the
organization, storage, and sharing of test results.

The conversion of DIN 19682-7 into a mobile
application presents a significant advancement
for professionals in fields such as hydrology, civil
engineering, environmental science, and agriculture.
This application enables users to conduct infiltration
rate tests using the DRI more efficiently, while ensuring
adherence to established standardized methods.
Multiple groups can perform data measurements
concurrently or utilize crowdsourcing techniques,
with the capacity to monitor activities remotely. Data
can be accessed and reviewed via a cloud server,
facilitating streamlined operations and enhanced data
management.

The proposed application addresses many
limitations of traditional paper-based methods. While
it has some drawbacks, such as reliance on eleefricity,
batteries, and internet connectivity in the field, secent
advancements in information and communication
technology (ICT), cellular technology, and, battery
technology can help mitigate these challenges.
Additionally, a paper-based method cam,bé kept as a
backup in case measurements need to be taken in an
area with no cellular signal.

The limitations of this application are identified
as follows. First, it reliesyon_an imternet connection,
making it unusable in‘arcas without such access.
Second, the built-in’GPS ‘eannot determine the user's
location; instead, the loeationimust be identified using
a map. Nevertheless, thedmplications of this research
suggest that it will gradually'replace traditional paper-
based recording and calculation procedures for DRI
measurements, as well as improve supervision of DRI
measurement projects in the near future. In subsequent
research, this outcome can be integrated with IoT and
sensor technologies to develop autonomous systems
for reading and reporting DRI measurements. As a
result, human operators will no longer be required to
input data.
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Field Measurement
Meas, Order/Code :0ac2574e
Time Stamp :2024-08-04 D8:23:04
Longitude :116.904144
Latitude :=1.177532
Remarks z
Time Time Start Height End Height (AR} (aT) (h) (Ah)/aT
(Mins.) (Hour) {cm) {cm) (cm) (cmyh)
2 0.03333 2 4 2 0.03333 60
4 0.06666 4 7 3 0.03333 90
8 0.13333 7 10 3 0.06666 45
10 0.16666 10 13 3 0.03333 90
15 0.25 13 15 2 0.08333 24
20 0.33333 15 17 2 0.08333 24

Figure 12 H and AT Measurement and Calculation Re

fc: 24
Infil, (f
T(hour) COTC O wlf]]' Log (f - fc)
0.033 2 60 1.55630
0.066 3 1.81954
0.133 3 1.32221
0.166 3 1.81954
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T(hour)X Log (f - fe)Y X2 XY

0.033 1.55630 0.001 0.05187

0.066 1.81954 0.004 0.12130

0.133 1.32221 0.017 0.17629

0.165 1.81954 0.027 0.30325

¥ = mx + ¢ calculate m and ¢

I x =0.39999998 Zy =6.51760 I x% =0.05111 I xy =0.65273

- .% € =1.6206549596948

wo Ecbdy m =0.087474573888219

k=-1/(m*0.434) k =-26.3

fo =60
Figure 14 The Calculation of c,

Time(h) fo-fc Horton
0.032 k' 74.9617
0.066 36 66.2181
0.133 36 80 £61.0740
0.166 36 60 60.4463

15 The Calculation Results
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