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Abstract: In the process of animal husbandry production through grazing, animals are active in
large grassland or mountain areas, and it is very difficult to obtain and deal with the information
on animal activity and state of life. In this paper, we propose a platform for operation of data
transmission and analysis system which gathers activity and status information of livestock. The data
collected in real time from integrated livestock sensor modules are anticipated to assist farmers
to supervise animal activities and health. While at the same time the improvements of viable
farming techniques are expected to reduce the impact of the livestock industry on the environment.
For the individual management of target livestock, the data collection system needs a convergence
technology with a physical active sensor, a wireless sensor network and solar power technology to
cover the wide area of mountains. We implemented a momentum data collection system to collect
and transfer the information of ecological and situations of livestock in grazing, which include sensor
and communication modules, repeaters with solar panels to cover the problems of communications
in wide grazing and a receiver connected to main server. Besides, in order to prevent data collisions
and deviations on multiple transmitter operation, we renewed the format of the communication
protocol and made a platform to analyze animal activities information by software. Finally, the
system and platform were applied and tested in National Rural Development Administration in
Republic of Korea.

Keywords: individual management of livestock; momentum data sensing; remote sensing platform;
sensor networks; technology convergence

1. Introduction

Raw information and reliable sources of animal production are important for the economy of
meat products. Meat is limited by shelf life and some meat with long shelf life is considered unhealthy
due to the use of preservatives [1]. Out of consideration of food safety and economic benefits, the
raw material information of meat should be controlled by the consumer, producer and distributer.
Consequently, how to collect and analyze the original information of animal production has become
an important research field, to which a variety of technologies have been employed [2].

Livestock management is an important issue for the green food industry, but the effective
management of the target animal is very difficult because of securing of animal issues of livestock [3],
increase of eco-friendly breeding methods [4], safety of foodstuffs due to the application of various
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technologies [5], and the famer’s economics [6]. Regarding these issues, we need to be concerned with
eco-friendly feeding methods and how to create and implement environments to effectively manage
livestock. In particular, applying the high-level technology such as bio-chemistry and/or genetics to
the food industry without appropriate treatment usually cannot guarantee safe foods. Besides, the
use of these technologies is strictly protected. Thus, we have to apply the higher-level technologies
carefully and selectively.

China is a big country in the production of animal husbandry, and the annual output of livestock
and poultry products is considered the highest in the world. In 2015, the total output value of China’s
animal husbandry was 2 trillion and 978 billion 38 million Chinese Yuan, up 2.85% from the same
period (Data source: China National Bureau of Statistics). However, the production efficiency is very
low and the data statistics are difficult. Furthermore, China’s livestock industry has led to huge carbon
emissions [7]. It is a problem to improve the production animal husbandry in China. And large-scale
raising of livestock cannot be maintained in places, because the amount of available arable and grazing
land is decreasing due to urbanization. The livestock contamination issues are very serious social
problems to maintain in terms of the green environment.

In Korea, as the agricultural economic structure changes, the total number of famers in the
livestock industry is gradually decreasing. The main cause is the decrease in the income of livestock
industry workers. Therefore, the increase of the livestock industry workers’ income needs to be
considered for the livestock environment and structure of farmers’ incomes [8].

For the above-mentioned reasons, it is important to construct an effective technical path to
manage the livestock according to changes in the livestock environment including livestock diseases.
Health condition of livestock can be predicted with the physical activity of the target livestock.
Traditional farm monitoring, such as using written notes or a simple device without data sharing
capabilities, is an inaccurate method with high probability of human error. The health information of
the target cannot be the useful data for management of the target and the use of Global Positioning
Systems was proposed, but it required detailed field maps and was costly due to the involvement of
transmission of data from satellites so, it is not suitable for real field [2].

In order to meet the requirements, the proposed system is implemented to have the ability
to collect and transmit data of real time physical activities in wide range mountainous areas.
After collecting raw data, the data will be analyzed to satisfy the issues. In order to monitor livestock,
shed monitoring system based on a wireless sensor network [9,10] uses bio and environmental
sensors such as temperature and humidity [11]. Advanced management of livestock sheds uses
infrared wireless sensor nodes and unmanned surveillance cameras [12]. Studies on the monitoring
of the livestock state had been carried out on the IoT-based cattle biometric information collection
terminal [13], cattle health monitoring system based on biosensors [14], design and implementation of
livestock disease prediction system [15] and etc. However, the application of these systems is limited
to a narrow field of livestock sheds, so it is difficult to be applied in the free-range grazing system.
Muhammad Fahim et al. [16–18] proposed a method of using the accelerometer sensor of the smart
phone to recognize user situations (i.e., still or active) and developed a cloud-based smart phone
application supported by a web-based interface to visualize the sedentary behavior. Complex and
large-scale sensor communication [19] is needed under these circumstances.

In this paper, we propose a momentum data collection system to provide ecological information
and situations of livestock in grazing. In order to operate an unmanned ranch, it is difficult to
apply high price sensors with high performance for economic benefit. We constructed a solar power
supply system for the outdoor data repeater with low power consumption using solar panel and
designed a data transfer platform for the analysis and storage of physical activity information of
targets. We renewed the format of the communication protocol and data analysis method. The system
and platform were applied to an actual grazing field and tested in National Rural Development
Administration in Republic of Korea.
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2. System Design and Structure

The Data collection system is composed of three parts: data transceiver module with sensor
(Sensor Network Transceiver: SNR), repeater and main system. The sensors count the physical
activities of targets which can be recognized by target number by SNR. The repeaters were evenly
arranged and distributed on grazing land and the main system was installed in building inside a
data-base computer with data storage and analysis software.

Figure 1 shows the plane map of the grazing land. The capacity of area for a breeding stock that
requires 50 kilos of forage a day is about 1.5 kg per m2. 100 targets (Korean cattle) require an area
about 4500 m2.

Figure 1. Operation Condition of the System in Grazing Area.

When cattle stay on the grazing ground, targets have a characteristic behavior of jumping, sitting,
running and rubbing for their feed. So, we have difficulties to get direct physical data by momentum
sensors. In general, sensors for receiving target’s Data [20] are attached directly on the leg of a target, so it
is very hard to replace them by workers; it should be designed to be a low power module with a long life
cycle. Unfortunately, the distance of the data transmission is related to power consumption of the SNR
module which has a limited transceiver distance by module’s design. Because high power consumption
equipment cannot be used for signal transmission [21] in wearable devices, a low power RF-IC is the
only choice for the system to minimizing power consumption. Therefore, in order to cover the wide
grazing, relay stations are necessary. For long time operation, solar panels are used to power them.
The conclusion is that we have to make a sensor module, a data transfer module and a solar-powered
repeater station for the transmission of the data in wide grazing. Information is eventually concentrated
in the main server. The information is stored in a database and analyzed by specially designed analysis
software, through which the behavior patterns of livestock can be summarized and utilized.

Figure 2 illustrates the overall flowchart of the system. When a sensor is attached to a cow’s neck
and is ready for operation, the sensor can detect the cow’s movement impact which produces electrical
signals or still—no signal. In this case, the sensor recognizes the impact as an Event. The movement
of livestock in general can be perceived by the sensor, but with the time interval, the validity period of
information will be different. The cow might move faster or slower. If the cow moves faster, it is a general
activity, signifying it is not a special activity signal. The events occur continuously within 4–6 s and
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when the impact signal appears once or twice within 8 s, it may be considered as a signal such as a cow’s
mount or a decrease in activity. If there is no more than 8 s of exercise, it can be divided into normal food
or an ordinary activity. Hence, we can recognize the cow’s activities. If the activity signal is divided into
an event failure, the signal patterns occurring within 4~6 s and the signal patterns that occur within 8 s
can be predicted to be the biological changes of the animals that have occurred. Therefore, through the
Event which is an electric signal by sensor, we detect the cow’s activity. The activity is within a specific
time range and accumulates the number—which is count—of activities in unit time. Normally, the
accumulated data (Number of events) can be transmitted to the main system for a period of time to
observe the activity characteristics of the cattle by analysis with graphs or raw data.

Figure 2. Operation flowchart of the system in grazing area.

3. System Implementation and Test

3.1. Data Transeiver Module with Sensor

The SNR is made up of micro-component of impact-detecting, microprocessor and RF component.
The module case is waterproof and has a battery. The microprocessor operates by a call from the
main system which counts the number of the target’s physical activities from the impact-detecting
component, and the data transfer to main the system via RF components. In the case of previous
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research, the sensor is attached to cattle’s ears by piercing but attached/inserted type can be changed
to necklace type with target’s ID number [17] which enables easy recognition for each target. Figure 2
is a feature of SNR and its installation.

Figure 3 shows a feature of SNR and its installation. The SNR is made up of micro-component of
impact detecting, microprocessor and RF component. In previous research, the sensor was attached
on cattle’s ears by perforation. The attached/inserted type was changed to a necklace type with the
target’s ID number [22]. In this way, each target could be easily distinguished.

Figure 3. Feature and installation of the SNR on a target (a) SNR, (b) Feature of the module,
(c) Installation module on the target.

Figure 4 shows the IC structure of the SNR. Data are transmitted to main system through the
RF module—RFM69HCW [23] which is optimized for low power consumption while offering high
RF output power and channelized operation. The module case is waterproof and has a battery.
The microprocessor operates by a call from the main system which counts the number of the target’s
physical activities from the impact-detecting sensor.

Figure 4. The PCB circuit of SNR (a) Battery and transceiver, (b) Microprocessor and sensor.

3.2. DATA Transmission and Repeater

To manage the wide area of grazing, the system needs repeaters shown in Figure 5. The grazing
has no power line, so wired electrical devices cannot be used. The repeater gets energy from solar
panels and transmits the data from SNR to the main system receiver [24], and transfers the call signal
from the main system to each sensor which can be recognized by the target ID. In that case, the wireless
signals get errors for several reasons such as target movements, weather and obstacles. So considering
these reasons, the data transmitter needs a special platform.

3.3. Format of Communication Protocol and Data Analysis

Detour path and traffic concentration problems are the fundamental problems of the general tree
routing protocols [25], which cause overall network performance degradation. The forwarding scheme
is prone to cause uneven load distribution and further lead to network congestion [26]. Nodes mounted
on targets move frequently, and constant end-to-end paths are rarely available [27]. It is a challenging
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task to maintain quality of service with respect to parameters such as high throughput, and minimum
end-to-end delay [28,29].

Figure 5. Installation of the repeater with solar panel, (a) Installation, (b) Installation result, (c) Repeater.

As shown in Figure 6, the receiver and each SNR use a program to measure the time to synchronize
the data transmission cycle. However, if the data transmits and receives for a long time, data signal
collisions and deviations occur at the same time in each transmitter. In order to solve this problem,
each transmitter is synchronized by measuring time on each transmitter, and each transmitting time is
revised by the receiver’s origin time, which is the correct method.

Figure 6. DATA Transmission in single repeater with single transmitter.

In Figure 7, each transmitter is performed by the program in its own time, but each transmitter’s
data packaged by the algorithm with original time is allocated a data packet. The final data packet can
prevent data collisions and deviations on multiple transmitters operations. The data collects in the data
base in the main system from each sensor which resulted from a packet of single transmitter or multi
transmitter format. In some cases of the data transmission, the repeater makes a multi transmission
format in a 600-s time limit and the raw data format can cover one target cattle every three seconds, so
one packet can cover 200 target cattle every ten minutes [30].
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Figure 7. DATA Transmission in single repeater with multi transmitter.

The main system (receiver) has a packet communication protocol as shown in Tables 1 and 2.
The data protocol has 15 units of packet. In this study, one kind of data is used, which is count
number of physical activities of the targets. The packets could be extended, to such as temperature
and humidity. The sensors of temperature and humidity need a lot of electric power for a long time
operation. Thus, those sensors are not used in this study.

Table 1. The Sample of raw data received from packet.

Repeater No. [01] Receive Data

Origin Time Received Data Packet

13:02:28 FF FB FC F3 02 01 8C 9C 1B 39 00 07 FD FE FF
13:02:31 FF FB FC F3 03 01 01 0B E2 E5 00 0A FD FE FF
13:02:34 FF FB FC F3 04 01 0D 06 E4 EF 00 0C FD FE FF
13:02:36 FF FB FC F3 05 01 71 33 C5 62 00 0F FD FE FF
13:02:39 FF FB FC F3 06 01 55 68 1D D4 00 12 FD FE FF
13:02:42 FF FB FC F3 07 01 16 35 D8 1E 00 15 FD FE FF
13:02:45 FF FB FC F3 08 01 01 06 DE E1 00 18 FD FE FF
13:02:49 FF FB FC F3 09 01 0D 14 D5 F3 00 1B FD FE FF
13:02:52 FF FB FC F3 0A 01 03 27 CB F3 00 1E FD FE FF
13:02:55 FF FB FC F3 0B 01 06 1B 19 39 00 21 FD FE FF

The communication code is shown in the Table 1, the first column is the original time, and the
second column is the received data packet. There are 15 units in every data packet shown as Figure 8.

Figure 8. Structure of DATA unit of packet.

Table 2 interprets the unit formation by typical examples. The no. 0–2 units are for the Sync. from
sensor, repeater and main system by wireless communication. The no. 3 is Sensor ID. The no. 4 is flag data
for dividing from communication and activity data. The no. 5 is activity data which is accumulated from
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sensing unit time (NOW). The no. 6 is activity data which is accumulated from sensing unit time (Before
10 min). The no. 7 is activity data which is accumulated from sensing time (Before 20 min). The no. 8 is
packet sequence number which is divide the packets from get a lot of sensors (at a same time the receiver
can get a signal from many sensors at a same time, so the packet sequence information using for filtering
of not-useful packets). The no. 9 is the check sum bit. The no. 10 and 11 are real time activities data (MSB
and LSB). The no. 12 to 14 are end of communication Sync. Bit. After receiving the data, the main system
performs the formalization the data with the data base software shown as Figure 9.

After receiving the data, the main system performs formalization of the data with the data base
software as Figure 9.

Normally in livestock industrial field, the farmer needs an estrus [31] time of targets. The activity
graph shows the most important information about the state of the target, so it could be possible to
estimate insemination time [32].

Table 2. Definition of the packet units.

Packet Buffer Index No. Meaning
Value

Min. Max.

RF TX Buffer

0 0xFF (Start-Sync.-First check bit) 252 252
1 0xFB (Start-Sync.-Mid. check bit) 1 250
2 0xFC (Start-Sync.-Final check bit) 252 252
3 Sensor ID 1 250
4 Flag Bits (DATA) 0 127
5 Number of activities (present) 0 250
6 Number of activities (before 10 Min.) 0 250
7 Number of activities (before 20 Min.) 0 250
8 Packet Sequence Number 0 250
9 Check Sum 0 250
10 Time data bit—MSB (counting the time)
11 Time data bit—LSB (counting the time)
12 0xFD (End-Sync. check bit)

It can be extension.13 0xFE (End-Sync. check bit)
14 0xFE (End-Sync. check bit)

Figure 9. Analyzed information from the data in the Main system.
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Figure 10 is an activity graph about one target. The red line in the graph represents the average
activity every seven days and the blue line is activity number within one day. Farmers can estimate
the insemination time about the target with graph analysis. After formalizing the data, it is processed
into information and analyzed by the software that can provide a customized service by the needs
from the famers, researchers, government officers, supporters and etc. [33,34]. On a specific basis,
the continuous collection of data regarding the amount of activity of the animals of the object has a
role in distinguishing the animal from the object, such as fertilization, estrus, disease, fertility and
other biological changes (water medicine). Therefore, one months of activity (band curve) and average
activity (fast curve) Change has the most important meaning. For more specific judgment, one day of
dramatic changes in the amount of activity, the change of activity (the Bohr icon) and the change of the
average activity (red chart) are used as important information to determine the biological state of the
animal, if the results of the analysis are used to isolate livestock by isolation, germination, disease and
so on. Measures of protection and so on to enlargement the effect of animal husbandry.

Figure 10. Activities information analyzing of one target.

4. Conclusions and Discussion

The platform and systems developed in this study provide a complete implementation of a
momentum data collection system using solar power type of repeaters and sensors that collect data of
physical activities in the process of feeding and breeding in grazing. The transmission platform was
designed and its effectiveness was tested through experiments. The platform and system was verified
in the Korea-cattle Experiment Station of National Rural Development Administration in Republic of
Korea. This study may provide solutions to prevent the expected problems for changing environment
of the livestock industry using different kinds of useful technologies in this field. The data of physical
activities can be used for prevention of diseases and breeding managements. In this study, the expert
system of veterinary judgment can be based on future technical research. The current system is the
processing of the collected data, as veterinary experts and other experts can determine the basic data
of the biological status of livestock. In order to monitor the activity of livestock, the information
collection system suitable for animal husbandry environment is set up, and the information collected
by quantitative analysis is used to reflect the combination of different technologies and use it for the
purpose of industry. The proposed system is the first step considering several multiple issues to human
and animals by different methods with the convergence of technology.
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The platform of the system solved the problems about sensing the target’s active-moment,
transferring the data to a main system and energy supply with solar panels. The data analysis
will be defined by animal experts or famers, so the system is partly automated to management of the
target’s state. In the future, the system should be fully automatic system with other physical and bio
sensors and expert’s knowledge by IT technology. The convergence technology should be popularized
more quickly to solve problems such as power consumption, collection of the different kind of data,
increment number of targets, etc. Once the system is stabilized, the data mapping algorithm with
artificial intelligence, IoT, Big-DATA technology and expert-knowledge can be added and applied on
the system for monitoring several events such as diseases, insemination and delivery of the target.
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