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Abstract— Farming is one of the primary resources to
provide human food therefore, it takes a large amount of
cultivated land to meet food needs. Currently, technologies such
as IoT have significant role in advancing agriculture in this
digitalize era by improving conventional agriculture methods by
not only making it optimal but also making it cost efficient for
farmer to produce quality of crops. The aims of this paper to
develop system in the form of REST API service by using .net 6
as framework to efficiently manage the growth of IoT devices
from the ground up in medium scale to large scale cultivated
land with easy to scale up based on the SignalR library and crops
health monitoring. The system will assist institute farmer and
technician by visualizing data from each deployed IoT device
(Temperature, humidity, soil moisture, Ph) from each section of
cultivated land and management of each new IoT device such as
sensor, actuator and microcontroller that will be deployed and
by using SignalR library as an interconnection between device
to APIL. To ensure the quality of the system author measured
using the JMeter application by conducting simulation with
high peak of user access and transmitted data of IoT device to
give a validation of load testing that the system will run smoothly
without any problem. The research concludes based on the
testing that been done has successfully delivered and shown no
latency or error with performance result on each test 21ms
functional and 0.50ms on SignalR testing.

Keywords—Internet of Thing, REST API, Precision Farming,
SignalR, System Development

I. INTRODUCTION

In the last year, the increase in resident global growth is
accompanied by an increase in demand for food production
with a significant decrease in farmers throughout the
time[ 1]which lead to a much harsher way for the farmer to
cultivate their land to monitor the health of their crops,
monitor health of the soil and ensure the safety of their plant
from pest [2]. Many challenges impede crop production,
leading to decreased crop productivity. Such as soil salinity in
arid conditions, in addition, the climate also plays a big role in
how quantity and quality of crops and may lead to an increase
in soil sensitivity to desertification[3].

Internet of things (IoT) technology has been a popular
solution in the farming environment, for example in
monitoring the quality of beef being produced in the research
that took place in the year 2019 gives a result implementation
of its proposed method by combining machine learning
techniques and IoT device to filter electronic nose signal to
produce a much better quality of beef in agriculture
environment[4], in a recent survey that conducts in 2021
provide an insight of solution to enhance crop production and
cultivation practices such as crop monitoring, nutrition and
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management of resource planning from farmers, transporter,
distribution and end-consumer that can be made possible by
the implementation IoT technology in the farming
environment[5].

Commonly practice of IoT technology in farming is
usually used in medium-scale environments with land ranging
from 5 to 100 hectares. Generally, it consists of a small
percentage of sensors that monitor the crops on its land to give
a response of analytic result , but as the cultivated land
transition to a much large environment and more IoT devices
are deployed, it will lead to a harsher way to manage on the
new deployed IoT device that can be crucial on knowing the
information on each section deployed device resides and
differentiate the transmitted data from each deployed IoT
device.

Research in 2019 develop a precision agriculture system
to optimally water crops based on the humidity of soil and
temperature and provide data management via smartphone
and web applications [6]. Research conducted in 2019
proposed a design of an application monitoring system for
modern eco-agriculture based on cloud computing where it
shows a result of a modern agricultural IoT monitoring
system, the intelligent gateway of the IoT, MQTT message
service, cloud-based big data analysis, and data mining
projects[7]. Research in 2020 presents a design of a smart
agriculture system that combines with an irrigation system to
cope with unpredictable weather most feature that the
application provider is to detect temperature and humidity in
the surroundings and moisture level where the output is
displayed via smartphone and computer [8]. Recent research
in 2022 develop a cost-effective system for cultivating land in
India to give a simple to utilize innovation that would help in
the quality of the crops by temperature, dampness, moistness,
and pH sensor at the selective areas to check harvest
condition[9].

Most of the previous research that has been provided focus
solely on one scope of owned land based on the chosen case
study by the author and no feature to provide scalability or
management of new IoT device that will be deployed as the
cultivate owned land growth and some of the research focus
mainly on monitoring crops health based on the humidity or
temperature of the soil and environment but no feature to
maintain the crops that been infected by the disease. With
these problems on hand, the research will focus on creating a
precision farming based on REST API backend server that
aim to provide a solution on the growth of IoT device from
medium scale farming environment to larger scale in term of
management connected IoT device and differentiate the
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transmitted data from IoT to REST API server with the help
of SignalR library as a bridge to process IoT device and
monitoring system based on scheduler that provide the needs
for user to monitor and manage the disease that infected the
crops in each section of the owned land, this feature can be
used as a single use scheduler or repeated scheduler which will
notify user on daily basis based on the need of the user.

II. METHODOLOGY

The research in developing the system used the Agile
Software Development Life Cycle which is method with a
short timeframe based on repetitive work, where the rules and
solutions that have been agreed upon by each team member
are carried out in a structured and organized collaboration[10].
From the agile approach model scrum is being used in the
process of making the system, in general scrum is considered
able to produce quality software in accordance with the
requirement of user need, can be used in large or small scale
projects, and is easy to adopt changes if there some phase that
not meet the requirement, then in the next phase a system can
be developed according to user evaluation [11].

A. Product Backlog

The product backlog consisted of a list of priority work
for the development team (developers) derived from the
roadmap and the requirements needed to build the application
usually carried out in the early phase of the development [12].
The tasks in this phase can be in form of functional needs or
other related requirements to make an ideal system based on
the scrum team vision [13].

1) Case Study Indentification
Case study identification aims to identify the general

provided[14].The use case identification of the proposed
model consists of 3 type of actor that is super admin which is
the owner of the system that have higher privilege to access
the system while admin or an institute technician can access
all feature but have restriction to add super admin and users
as an regular office worker have role to only read / view data
in the field. Use Case List can be seen in TABLE 1.

TABLE 1. Use Case List

Actor Privilege Feature

Super Create Plant MiniPc Schedule Plant Health

Admin Update Micro UserAdmin Region Actuator
Delete Sensor Land
Read

Admin Create Plant MiniPc Schedule Plant Health
Update Micro Institute Admin Region Actuator
Delete Sensor Land
Read

User Read Plant MiniPc Schedule Plant Health

Micro Region Actuator Sensor Land

3) Identification of System Requirement

Identification of the requirement system stage is carried
out to analyses list of need that will be used in the system to
provide the best of its utility and benefits [15]. If there are not
transparent or the analysis is not appropriately done, it might
lead to a failure of the project no matter how good the concept
and design are [16]. An illustration of the requirements of the
system can be seen in TABLE 2 which consists of 15 backlog
items that have been defined based on the needs in the system
that are being made by the team.

TABLE 2. Back-End Sprint Planning

concept of the case that the author brings out based on the No Backlog Item
depl £ 10T devi Iy i h insti 1 Authentication User
ep'oyment of lo levices generally 1n eac 1ns.t1tute B User Role
Cultlyat.e land respectively that can be seen at Fig. 1 3 Create Update Delete Read API Plant
consisting of many sensors that are connected directly to a 4 Create Update Delete Read API Plant Parameter
microcontroller to transmit data through WebSocket 5 Create Update Delete Read API Land
generally, and here its shown that each section of the 6 Create Update Delete Read API Region
cultivated land will have one Mini PC that is Raspberry PI 7 Create Update Delete Read API Mini PC
that acts as a central to collect data from the microcontroller. 8 Create Update Delete Read API Microcontroller
9 Create Update Delete Read API Sensor
10 Create Update Delete Read API Actuator
11 Create Update Delete Read Multiple Image
12 API IoT Device Hub
13 Create Read Data Sensor
14 Create Update Delete Read API Disease Monitor
15 Create Update Delete Read API Disease Health Scheduler
B. Sprint

Fig. 1. Case Study

2) Use Case Identification

At this phase, the identification of the actor is a depiction
process that is carried out to show the relationship between
the actor and the designed system. The resulting
representation of the schema is made simply and aims to
make it easier for the user to read the information

Sprint is the next stage after defining the product backlog.
Sprints can be considered the core of Scrum life cycle.
Usually, last up to 1 month or less that is filled with work
products that are additional, functional and released to end
consumer [17]. The new sprint will be executed after the
previous sprint is finished. This phase consists of two activity
that will be carried out on each sprint as follows.

1) Sprint Planning

Sprint planning is the first stage of every sprint life cycle
that is executed after the product backlog during this stage
team will conduct a meeting at every sprint that aims to
discuss the goal and mission of each feature [18]. Sprint
planning of the research can be seen in form of a list in
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TABLE 3 which total to 76 days or around 2 and a half
months.

TABLE 3. Back-End Sprint Planning

No Feature Estimated
Day
1 Authentication User 5
2 User Role 5
3 Create Update Delete Read API Plant 5
4 Create Update Delete Read API Plant Parameter 5
5 Create Update Delete Read API Land 5
6 Create Update Delete Read API Region 5
7 Create Update Delete Read API Mini PC 5
8 Create Update Delete Read API Microcontroller 5
9 Create Update Delete Read API Sensor 5
10 Create Update Delete Read API Actuator 5
11 Create Update Delete Read Multiple Image 5
12 API IoT Device Hub 6
13 Create Read Data Sensor 6
14 Create Update Delete Read API Disease Monitor 5
15 Create Update Delete Read API Disease Health 5

Scheduler

2) Sprint Backlog

The sprint backlog is an artifact that is executed after
sprint planning is a list of the requirements that is a priority
with a starting time and end time that has been determined by
the scrum team [19]. At this stage, it shows complete features
that have been defined based on the sprint planning. The

development sprint is divided into 6 sprints which can be seen
at TABLE 4.

The first sprint consists of user configuration such as
adding or updating users and setting up role configuration for
each privileges access that will be given to a user in instituted
that will be created later on and in this segment, also the
creation of a database of each function related to the research.

The second sprint illustrated the creation of the API
function of each feature that has been defined before this
sprint consisting of the creation of plant API and parameters
to know the min or max value of the soil and humidity that
will result to turn on the actuator to start watering. Lastly, it
creates an API to manage Land owned by the institute.

The third sprint illustrated the API that in the span of the
date given has been developed consisted of creation API to
manage each section of cultivated land where each land has
many regions/sections and the other half of the sprint more to
manage Mini PC or Raspberry from this case on each region
and same as API for microcontroller management.

The fourth sprint illustrated the creation of management
for the sensor and actuator also this sprint, the creation of
image API will be made to manage a single and multiple
bytes of an image that will be used later on.

The fifth sprint illustrated the phase of creating the Hub
using SignalR which from this phase it takes quite a bit of
time because it not only involves the backend system, it

TABLE 4. Sprint Backlog Artifact
Backlog Id Backlog Name Estimate time Start End Sprint
1 JWT Configuration 5 12-Sep 16-Sep First Sprint
2 User Manager Configuration 5 12-Sep 16-Sep First Sprint
CRUD (Create, Update, Delete) User
3 Account 5 12-Sep 16-Sep First Sprint
5 Current User Configuration 5 19-Sep 23-Sep First Sprint
6 User Role Configuration 5 19-Sep 23-Sep First Sprint
CRUD (Create, Update, Delete) Role
7 API 5 19-Sep 23-Sep First Sprint
8 Create Database 5 26-Sep 30-Sep First Sprint
CRUD (Create, Update, Delete)
9 Plant API 5 03-Oct 07-Oct Second Sprint
CRUD (Create, Update, Delete)
10 Plant Parameter API 5 03-Oct 07-Oct Second Sprint
CRUD (Create, Update, Delete)
11 Land API 5 10-Oct 14-Oct Second Sprint
CRUD (Create, Update, Delete)
12 Region API 5 17-Oct 21-Oct Third Sprint
CRUD (Create, Update, Delete) Mini
13 Pc API 5 24-Oct 28-Oct Third Sprint
CRUD (Create, Update, Delete)
14 Micro API 5 24-Oct 28-Oct Third Sprint
CRUD (Create, Update, Delete)
15 Sensor API 5 31-Oct 04-Nov Fourth Sprint
CRUD (Create, Update, Delete)
16 Actuator API 5 31-Oct 04-Nov Fourth Sprint
CRUD (Create, Update, Delete)
15 Single and Multiple Image API 5 07-Nov 11-Nov Fourth Sprint
16 Setting Up SignalR Backend Hub 6 14-Nov 19-Nov Fifth Sprint
17 Configuration Event in Raspberry 6 14-Nov 19-Nov Fifth Sprint
18 Initialize Device Backend 6 14-Nov 19-Nov Fifth Sprint
CRUD (Create, Update, Delete) Data
19 Sensor API 6 21-Nov 25-Nov Fifth Sprint
CRUD (Create, Update, Delete)
20 Disease Monitor API 5 21-Nov 25-Nov Sixth Sprint
CRUD (Create, Update, Delete)
21 Disease Scheduler API 5 21-Nov 25-Nov Sixth Sprint
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involves setting up the event of the IoT device as well in this
case the Raspberry device. creation of the data function will
be made in the given sprint which will be used to save data
that has been transmitted from the sensor to its Mini PC to the
backend.

The Sixth sprint illustrated the phase of creating the
scheduler and its detailed task on detected disease API these
two functions aim to manage the task on each detected
disease in the disease monitor API and transmitted into the
disease scheduler to give information about the observation
that been made by the user that accept the task.

C. Daily Scrum

The daily scrum in scrum life cycle is a stage that
executed on every finished sprint, it consists of meeting
activities online through a video conferencing platform such
as zoom or offline meetings based on the agreement of the
scrum team [20], this stage aims to analyses and give a
progress report based on the feature that been completed.

D. Sprint Planning

The sprint planning in scrum life cycle is a stage at the
end of each sprint that aim to evaluate features that have been
defined and already met the requirement that the ideal team
vision based on the evaluation result at this stage scrum team
will also forecast the next work based on the product backlog
and sprint backlog that have been listed [21].

III. PROPOSED MODEL

The proposed model aims to give an overview of how the
system will operate based on the case study defined in Fig. 1.
The proposed design is combined with three-layer that is the
user layer, the azure layer/cloud layer, and the IoT device
layer each of these layer interconnects with each other to
transmit its data.

A. Design of Large-Scale Precision Farming System

The general concept of large-scale farming environment
is a type of environment where farmer have multiple of
cultivated land which usually divided to more than one
section in each land depends on the needed of institute in
aspect to differentiate type of crop to increase the
productivity and quality in contrast of a conventional farming
environment that is medium scale farming environment
where it only needs to manage one of its cultivated lands.
Based on the defined concept of large-scale farming
environment proposed model author provide is combine of 3
type of layer which is user layer consist of hardware that
connected, azure layer / backend layer where it will process
the request and IoT device layer consist of cultivated land
institute own where each sensor connected to microcontroller
and mini pc as its central to transfer the data to the backend.
The design of the proposed system can be seen on Fig. 2.

B. SignalR and JMeter Application

SignalR is an open-source library which used to make it
easier to process real-time web function in the application
they create such as ability to create server code to send (push)
content or data client who already connected to the server, so
that the server does not have to wait for the client to request
new data. The role of SignalR in this system mostly act as a
bridge or signaling server to transmit loT data and receive
event based on the request.

JMeter is an open-source application mostly used to load
testing functional behavior and measuring performance of
application. JMeter works by simulating parameter based on
the inputted group user that will send request to a server
locally or publicly the returning statistics of result based on
the testing that been done. The role of JMeter in the research
act as a validator that conclude that the system can run
smoothly with high peak user or IoT device accessing the API

with no error or latency.

PLANT LAND REGION

PLANTHEALTH| SCHEDULER [  MICRO

RESTAPI

f

HUB API

MINIPC SENSOR | ACTUATOR

Fig. 2. Proposed System

C. Database Design

This system that has been proposed is designed by
implementing the MySQL relation database as its database
management. The design of the relational database consists
of 25 tables each having a role as support for each functional
component in the application TABLE 5 illustrated a
description of 12 main tables in the system that acts as a
parent / central that are connected to each related relation of
25 tables that have been made to store information based on
created admin on each institute that uses the service.

TABLE 5. Database Dictionary

No Table Description
1 User institute user account information
and role
2 Plant Plant information
3 Parameter Parameter of sensor data in plant
based on its sensor name.
4 Land Land information
5 Region Region Information
6 Mini PC Mini PC that has been or is about to
be deployed in cultivating the land
7 Microcontroller The microcontroller that has been
or is about to be deployed in
cultivating land
8 Actuator The actuator that has been / about to
be deployed in cultivating land
10 Disease_Monitor Information on detected diseases in
cultivated land
11 Longitude Latitude Pinpoint of disease in cultivating
Disease land
12 Disease_Scheduler Information on disease tasks for

institute workers to maintain crops
that have been infected
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D. Implementation and Performance Analysis

Implementation of the system will be carried out two
types of tests, application trial and IoT Device by conducting
testing on the REST API that has been made to determine the
feasibility of the function made using Postman on each
general method that is mostly used for frontend request and
IoT device SignalR testing to determine the feasibility of
process data to the backend based on the IoT device that has
been deployed.

Performance tests are carried out after implementation
phase by simulating many users accessing the services
simultaneously and finding the maximum load that can be
handled by the application system based on its response time
which is a measurement that can be felt the first time by the
customer or client [21]. The tests that concluded divide into
2 types of experiment performance test based on response
time of functional system and SignalR IoT Device.

IV. RESULT AND DISCUSSION

The tests carried out in this study include 3 parts testing
from the postman application by sending a request to main
respective feature in the REST API system that has been
made, implementation of IoT device to the backend server
and lastly the performance analyst simulation that conducted
to validate the performance of the system based on the
process time of request that been send in the simulation.

A. Postman

This section aimed to give the validate feasibility of each
functional request from the REST API that has been
developed that is regularly used by the front-end system. The
author used Postman as a testing application that provides
tools for testing a function through its HTTP request and
reading their responses. The test result of the research shown
starting from TABLE 6 provide a result of successful response
of the first observation before maintain where it provides the
coordinate in which the disease being detected and image of
the infected crops. TABLE 7 provide a result of 2 type
scheduler that been generated based on the tag value it uses
(Single Use or Repeated) which will generate response on
TABLE 8 that show repeated scheduler generate 3 values
based on its start and end date and lastly TABLE 9 is response
based on the ongoing scheduler where user give a report of it
maintain status.

TABLE 6. Database Response Detected Disease

Diseaseld Regionld MonitorStatusld CreatedByld
1 1 1 2

TABLE 7. Database Response Scheduler

Id 1 2

Start 2022-01-01 2022-01-01
End 2022-01-01 2022-01-29
Note No Loop Loop

Tag 1 2

Landld 1 1
DiseaseMId 1 1

TABLE 8. Database Response Schedule Occurrences

Date Scheduleld
2022-01-01 1
2022-01-01 2
2022-01-15 2
2022-01-29 2

TABLE 9. Database Response Schedule Log

TimeStamp Description Scheduleld
2022-01-13 Monitor Crops Disease 2
14:02:42

B. IoT Device Testing SignalR

The section aimed to validate the designed system based
on the experiment that will be conducted on real-time
scenarios of an IoT device that has been deployed. The IoT
device being used in the experiment consists of 4 sensors that
are Ph sensor, Soil Moisture, Air moisture, and soil
temperature which are directly connected to Arduino UNO it
will forward the sensor data to its respective Raspberry Pi
which will interconnect via SignalR the implementation can
be seen in Fig. 3 that took place on 26 November at 12:30:20
and the experiment that was conducted that took 30 minutes
to collect data from its sensor and from TABLE 10 illustrated
the result of the response from a database. The list consists of
4 various values based on the connected sensors which show
each transmitted value has a cooldown time of 5 minutes.

C. Performance Analysis

The section concludes the performance analyses of each
functional component (feature) by conducting simulation
based on application of JMeter to test the feasibility of
performance proposed model with a parameter (user = 50,
ramp-up=1, loop count infinite, duration(second) = 1200(20
minute)). The summary report can be seen start from TABLE
11 that conclude from the simulation that it been done from
2:04:40 to 2:24:10 the response time grown sharply most out
of time with average of below 8ms and hitting highest
approximately 12ms with throughput total of 68.1/sec where
each feature value of 4.7/sec to 7.7/sec with no error in
simulation that conclude that the test successfully sending the
majority of messages to the server and TABLE 12 provide
information of report based on the response time of SignalR
Testing that conclude from the simulation that it been done
from 14:21:40 to 14:41:10 the response time of SignalR hub
function at start of initialize the request from JMeter
WebSocket shown an increase of connectivity from 12ms and
proceed steadily at 0.50ms with throughput of 91.0/sec the
cause of the high percentage of connectivity happened only
span of a time cause by the JMeter first initialize the request,
overall the simulation has provide a good result throughout
the testing with no latency and error on each packet that been
transmitted that conclude the feasibility of the SignalR hub
function.

Fig. 3. Deployed IoT Device
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TABLE 10. Result of Response Sensor Data from Database

Microcontroller Sensor Value Created At
ESP 1 Air Temperature 0.1 2022-11-26
12:35:20
ESP 1 Air Moisture 0.2 2022-11-26
12:35:20
ESP 1 Soil Temperature 0.2 2022-11-26
12:35:20
ESP 1 Ph 0.3 2022-11-26
12:35:20
ESP 1 Soil Moisture 0.3 2022-11-26
12:35:20

TABLE 11. Summary Report of Functional Component

Average Deviation  Through  Error Byte Byte
put Send Receive
702 1780.11 68.1/sec  0.0%  1374.23 1595.40

TABLE 12. Summary Report of SignalR function

Average Deviation Through Error Byte Byte
Put Send Receive
399 295.64 91.0/sec 0.0% 8.17 49.30

V. CONCLUSION

Based on the wvalidation result by conducting the
implementation and the performance testing of the proposed
system conclude that the proposed system has successfully
delivered the needs and requirement based on the case study
that the author vision with performance testing that shown no
error with connectivity signal stable at 21ms on each
functional component and signalR testing with average of
0.50ms.

For the next research it can be in form of stress testing or
load balancer with much higher percentage of high peak user
that access the system with much longer period of time.
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