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Abstract.

Purpose: This research aims to develop a digital scales system using internet of things technology on Indonesia digital
farm.

Methods: The stages of the research were carried out starting from literature studies, system requirements analysis,
digital scales system design, system testing, and analysis of system test results. This model consists of hardware and
software. The hardware consists of sensors for data collection in the field or using cameras, data input devices, data
senders to data centers, data centers, and data processors, and data output that can be accessed on a laptop or a
smartphone in real-time.

Result: The results of the study show that loT-based digital scales can be used to read goat weighing results based on
RFID data input and camera image capture. The average body weight of a goat that has been weighed is 106.5 pounds,
while the average body height of a goat is 150.7 cm.

Novelty: The loT-based digital scales system (IoT-DSS) can be used to measure the weight and height of goats so that
the weighing process is more efficient.
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INTRODUCTION

Climate change greatly affects the management of agriculture and animal husbandry [1], [2]. Efforts to
increase the productivity and quality of livestock products are based on several things [3], [4]. These include
global climate change, the decline in agricultural or livestock land, and lifestyle demands for the
consumption of quality livestock products [5], [6], [7]. As well as the population increases every year, it
will automatically increase the demand for food for livestock products [8], [9]. Such as chicken, beef, milk,
and eggs [10]. Livestock is a business that is growing very rapidly and has a fairly high demand, for
example, goat farming. Currently, there are various types of goats that can be used for breeding. Lack of
knowledge and insight can make goat farms run less than planned, which can affect the efficiency of the
farm itself [11]. Entering the era of the industrial revolution 4.0, every country is starting to compete to
advance the country and its nation in various fields so that they can face global challenges [12], [13],
including in the field of animal husbandry [14].

Technological progress can also be felt by the existence of a system that can control an electronic system
with a program [15]. One of them is technology based on the Internet of Things (10T) [16]. IoT is now
starting to be applied in the agricultural sector, one of which is in the field of animal husbandry [17]. The
use of 10T allows farms to become smart farms or smart farming, namely a livestock monitoring system
that can be carried out remotely using a semi-automatic microprocessor [18]. The composition of costs that
are usually incurred in livestock companies is 67% of animal feed, 20% of veterinarians, 5% of manual
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labor, 2% of drugs and vitamins, and 6% others. Animal feed (feed) consumes 60-70% of production costs
in livestock, therefore the use of feed needs to be maximized [19]. Feeding efficiency is one of the factors
in determining the livestock productivity index [20]. 10T applications can measure goat's food levels to
ensure an adequate food supply at all times and to record daily food consumption [21]. The implementation
of 10T is expected to provide breakthroughs related to raising healthy goats, reducing workloads, reducing
costs, increasing productivity, increasing resource use efficiency, improving data quality, and making
decisions based on data [22].

On the other hand, this condition is a challenge that creates problems and obstacles for farmers and the
livestock industry [2]. Namely the inability to achieve a financing balance between input costs, production
operational costs, and the low selling price of the product [23]. Competition is so strong between
independent farmers and livestock companies to maintain business by increasing efficiency [24].
Meanwhile, those who cannot afford it will lose money and go bankrupt. Therefore, it is necessary to
implement 10T by utilizing internet systems and other devices in livestock business management [25].
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Figure 1. Digital Farm Illustration [26]

To improve business efficiency, avoid budget deficits, and be able to maintain managed businesses [27].
This model consists of hardware and software. The hardware consists of sensors for data collection in the
field or using cameras, data input devices, sending data to the data center, data center and data processing,
and data output that can be accessed on a PC, laptop, or mobile phone, as presented in Figure 1. The picture
above illustrates the 10T working system in Digital Farm management. Goats are equipped with two kinds
of devices, namely sensors that record the condition of cows and devices to identify cows (e.g. chips for
cow numbers). The sensor is equipped with a data message sender and cow identity, which can be received
by GPRS, then forwarded to the internet system (cloud) which can then be received by a laptop or cellphone
online [28]. While the software is used to capture and process data with output according to needs [29], for
example, number, average, ranking, time range, etc., so that decisions can be made quickly and accurately
. Data is inputted into the system according to the needs and objectives of farm management [30]. For
example, for a complete livestock management system [31], it is necessary to involve basic data : breed of
livestock, sex, age, feed, and feed management [32]. While the data to be analyzed may include the
nutritional status of livestock, body condition of livestock, reproductive status, marital success, birth
weight, weaning weight, growth, body conformation, body color, and health status [33], [34].

Based on these studies, this research developed a digital farm system based on the Internet of Things (10T),
which is known as Indonesia Digital Farm (IDIFA). IDIFA's activities focus on developing digitalization
processes in the livestock sector. IDIFA has several products developed in this sector such as automatic
feeders, automatic sheep weight monitors, and several other products. IDIFA is also one of the loT
developers in the livestock sector which is carried out by a research team with students.

METHODS

The location of the farm used in this study was on Jalan Bulu Raya, Bantul, Yogyakarta, with 10 goats as
the research sample. Conducting research in September - November 2022, starting from system design,
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procurement of supporting hardware and software equipment, system implementation, testing and analysis
of system test results.

Based on previous studies related to livestock management systems, we created a proposed method for
developing digital farms. The development of the IDIFA platform includes Cage Management System,
RFID Identify and Tracking, Auto Feed and Livestock Development Detection. The design for the
development of the Indonesia Digital Farm (IDIFA) system as a proposed method is presented in Figure 2,
and this research focuses on the development of the loT-based Digital Scales System (IoT-DSS).
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Figure 2. IDIFA Management System

Hardware components used for the development of 10T-DSS include Raspberry version 4, ESP 32
Microcontroller, HX711 Signal Conditioning System, Load Cell sensor, WebCam, Ultrasonic sensor, and
RFID reader.

Raspberry serves as a place to process incoming data from sensors and will then be sent to the Indonesia
Digital Farm server via the internet. The Microcontroller and Signal Conditioning System have the task of
receiving data signals from the Load Cell to be processed in the microcontroller and sent to Raspberry via
the USB port. The load cell sensor functions as a weight sensor that is used to weigh livestock. WebCam
functions to take photos of farm animals from the top and side. Ultrasonic sensors will be used to measure
the height of livestock.
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Figure 3. System Hardware

The explanation of the working system of 10T-based digital scales as presented in Figure 3 is as follows:
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1) Data for measuring the weight of livestock that is read by the Loadcell sensor will be processed
first in the HX711 signal conditioning system and then entered into the ESP32 microcontroller for
parsing. After that, the parsed data will be sent to Raspberry to be forwarded to the internet and
entered into the database.

2) ID tags from livestock are read by the RFID reader and the photos captured by the WebCam, then
it sent to the raspberry via the USB port to be forwarded to the internet and entered into the
database.

3) Ultrasonic sensors are directly connected to the ESP32 microcontroller to measure the height of
livestock and then the data is sent to Raspberry to be forwarded to the internet and entered into the
database.

Then, every livestock data, including ID tags, photos, weight, and height, will be entered into a database
on the internet automatically when each livestock is weighed.

Goat weight measurement is carried out using specially designed scales, to facilitate the goat weighing
process. The design of digital scales is presented in Figure 4 for the side view and front view of the cage,
which makes it possible to weigh one goat.
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Figure 4. Side view and front of the cage

Then for the additional part design on the drum, which is a place for installing RFID and a camera presented
in Figure 5, which consist of camera mount, telescopic pole and hinges to adjust the tilt. The camera mount
is used to place a webcam, as a tool to capture images of goats, while the telescopic pole is used to adjust
the length and short of the supporting pipe.
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Figure 5. Additional part
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The 10T-DSS flowchart is presented in Figure 6, from system initialization, read data from RFID tags and
camera, goat weight measurement, data entered into database and monitoring system.
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Figure 6. Flowchart of 10T-DSS

RESULT AND DISCUSSION

The research results that have been made include the 10T-DSS system, which consists of integrated
hardware and software systems, a web-based IDIFA monitoring system application and goat pens used to
weigh goats.

In the activity of monitoring goat scales, the research team conducted an experiment on how if a goat is
placed on the tool it will automatically record the weight of the goat so that it can know the growth and
development of the goat regularly. The results of making cages for digital weighing are presented in Figure
7.

Figure 7. 10T-DSS
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ID tags from livestock that are read by the RFID reader and the photos captured by the WebCam, as

presented in Figure 8. Then it is sent to the raspberry via the USB port to be forwarded to the internet and
entered into the database.

i,
Figure 8. RFID on the goat

The results of this reading could be accessed through the IDIFA Digital Scales monitoring system, as
presented in Figure 9. Then, the display of the weighing results monitoring system is presented in Figure

10, which shows the RFID connection, body weight (in Pounds), and height (in cm), as well as screenshots
from WebCam-1 and WebCam-2.

Figure 9. IDIFA Digital Scales

Figure 10. Monitoring 1oT-DSS
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Then, the next process is testing the 10T-DSS system, by testing the RFID connection, capturing the results
of WebCam1 and WebCam2. Testing the loT system connection was carried out by weighing 10 goats, and
the results are presented in Table 1.

Table 1. Connection Testing Results

Item RFID WebCam1 WebhCam?2
Goat 1 Connected Detected Detected
Goat 2 Connected Detected Detected
Goat 3 Connected Detected Detected
Goat 4 Connected Detected Detected
Goat 5 Connected Detected Detected
Goat 6 Connected Detected Detected
Goat 7 Connected Detected Detected
Goat 8 Connected Detected Detected
Goat 9 Connected Detected Detected

Goat 10 Connected Detected Detected

In Table 1, it can be seen that when weighing, the RFID and WebCam-1 and WebCam-2 connections can
be detected properly so that the weighing process can be carried out. Then, the weighing results in the form
of the weight and height of the goat, are presented in Figure 11.
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Figure 11. Digital Scales Testing Results

In Figure 12, digital scale results are presented for 10 goats, with body weight ranging from 90 — 120
pounds, and goat height ranging from 150 — 152. The average body weight of a goat that has been weighed
is 106.5 pounds, while the average body height of a goat is 150.7 cm.

In the results of research conducted by [30] regarding real-time monitoring systems based on the Internet
of Things and cloud messengers, it shows that the sensors used are well connected, resulting in accurate
measurements. The use of cloud messenger is very good, and can then be implemented in a monitoring
system for goat pens. In another study conducted by [35] regarding monitoring data collection in chicken
coops using a camera, by comparing the resolution of image sizes, from 800x600 to 1024x768 resolution,
but in this study did not weigh livestock at the same time. This research resulted in an 10T-DSS monitoring
system application, which can monitor the development of goat weight and height online and in real-time
using a webcam, with an image resolution of 1024x768, and combined with a load cell sensor to weigh
goats. Then in a study conducted by [36], the goat pen was added with an automatic feeder that can be
monitored online, making it easier to fill in the feed when it runs out. Therefore, the results of this study
about IDIFA could be a recommendation for further research related to livestock monitoring systems.
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CONCLUSION

Digital farming in the field of animal husbandry is the application of all technologies or creations to improve
business efficiency and effectiveness so that higher income and profits are obtained compared to without
the application of new technology or creations. 10T is the main supporting technology in the application of
smart farming in the livestock sector which is very helpful in monitoring, documentation, and data analysis.
So, decisions and actions can be taken immediately without having to wait for data collection by officers,
then tabulation and data analysis which takes a very long time and requires extra labor which is quite tiring.
In the development of the IDIFA system, an 10T-DSS has been produced which functions to facilitate the
process of weighing goats, by reading RFID data and capturing images on a camera placed on the scale.
The results of the study show that 10T-based digital scales can be used to read goat-weighing results based
on RFID data input and camera image capture. The average body weight of a goat that has been weighed
is 106.5 pounds, while the average body height of a goat is 150.7 cm. This digital scale will make it easier
for breeders to measure the body weight and height of goats so that the quality of livestock can be better.
For further research, several studies can be carried out, for example adding more sensors to carry out health
checks on livestock, as well as creating mobile-based applications to check and control livestock.
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