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Abstract: The outbreak of African swine fever virus has raised global concerns regarding epidemic
livestock diseases. Therefore, various studies have attempted to prevent and monitor epidemic
livestock diseases. Most of them have emphasized that integrated studies between the public health
and transportation engineering are essential to prevent the livestock disease spread. However, it
has been difficult to obtain big data related to the mobility of livestock-related vehicles. Thus, it is
challenging to conduct research that comprehensively considers cargo vehicles’ movement carrying
livestock and the spread of livestock infectious diseases. This study developed the framework for
integrating the digital tachograph data (DTG) and trucks’ visit history of livestock facility data. The
DTG data include commercial trucks’ coordinate information, but it excludes actual livestock-related
vehicle trajectories such as freight types and facility visit history. Therefore, the integrated database
we developed can be used as a significant resource for preventing the spread of livestock epidemics by
pre-monitoring livestock transport vehicles’ movements. In future studies, epidemiological research
on infectious diseases and livestock species will be able to conduct through the derived integrating
database. Furthermore, the indicators of the spread of infectious diseases could be suggested based
on both microscopic and macroscopic roadway networks to manage livestock epidemics.

Keywords: epidemic livestock diseases; digital tachograph data; livestock facility; livestock-related
vehicle; trajectories

1. Introduction

The epidemic of African swine fever virus has led to an increasing global interest in
epidemic livestock diseases. The World Organization for Animal Health has focused on
this issue and designated research each year [1–3]. Furthermore, many other studies have
proposed methods to prevent and control epidemic livestock diseases. [4–6]

As mentioned in many previous studies, the spread of livestock epidemics is in-
separable from road mobility [7–9]. Thus, convergence research in health sciences and
transportation engineering is required to control infectious diseases. Accordingly, countries
seek ways to prevent the spread of infectious diseases in terms of transportation engineer-
ing through a system that stores and analyzes information regarding the traffic trajectories
of livestock-related vehicles [10–12]. However, it is impossible to obtain a clear trajectory
for livestock-related vehicles, as South Korea only manages information regarding the
entry and exit information of vehicles focused on livestock facilities. Moreover, there have
been no convergence research cases for health science and transportation engineering for
effectively controlling the spread of infectious diseases or of experts competent in both
fields simultaneously.

South Korea has significant experience with the spread of livestock epidemics. The
amount of damage involved accounts for 76% of total social disaster damages until 2018 [13].
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In addition, when the outbreak of the foot-and-mouth disease occurred in 2011, approxi-
mately 87.2% of the propagation factors were found to be livestock vehicles, leading some
studies to identify vehicle movement as the largest infectious agent. Although South
Korea has developed various transportation infrastructures for its high population den-
sity, it is easy to spread infectious diseases due to its small land size. Thus, in terms of
transportation, additional studies are needed to prevent the spread of livestock epidemics,
based on analyzing the mobility of livestock-related vehicles. Currently, the South Korean
government collects the mobile data of all business cargo vehicles (including livestock-
related vehicles) and generates a real-time location database (DB) in the form of big data
through the mandatory installation of digital tachograph (DTG) devices. However, it is
impossible to extract only livestock-related vehicles from the DTG data, as this DB only
collects traffic trajectories and driving behaviors and does not provide the type of cargo
loaded on the vehicle.

Therefore, this study attempted to estimate livestock transport vehicles’ actual trajec-
tories on roadways by matching the DTG data with actual visit history data from livestock
facilities. Thereby, we derived roadway segments and areas with a high risk of spreading
infectious diseases. The livestock-related vehicle data matched in this study can be used
as primary data for research on the spread of livestock diseases. Moreover, it can be used
to derive infectious disease propagation patterns for each livestock breed in the future.
Furthermore, it can provide critical basic data to government managers in order to establish
strategies for pre-monitoring and post-monitoring.

To prevent the spread of livestock epidemics, South Korea has enacted a policy of
conducting the same quarantine procedures for all livestock within a specific range from
any affected farms (Livestock Infectious Disease Prevention Act). For example, the Korean
government rates zones as controlled, protected, and forecast, depending on the distance
from farms where the epidemic has occurred, according to the Manual for foot-and-mouth
disease prevention. In the event of an epidemic, all affected livestock in the restricted
and protected areas are slaughtered regardless of infection, whereas farms in the forecast
area are required to restrict the movement of livestock products and ban entry. Owing to
collective killing, plantation owners must also kill noninfectious livestock [14], resulting
in a total loss of 2 trillion won [15]. In addition, there are other adverse effects on the
local economy, owing to the mental damage to farm owners or the restricted movement of
vehicles [16]. As such, collective control and disposal measures are inefficient and cause
significant damage [13]. Hence, strict standards and research are required to establish
an improved epidemiological relationship for analyzing and preventing the spread of
livestock epidemics.

The studies that have conducted simulations of livestock epidemics’ propagation
behaviors have identified livestock-related vehicles as significant causes of epidemic propa-
gation [7,9]. It shows that the main factor in the spread of livestock epidemics is the travel of
people and vehicles [8]. Therefore, to prevent the spread of livestock epidemics, a solution
must be found while considering the transportation sector. Choi et al. [17] derived the
propagation speed of foot-and-mouth disease by analyzing a vehicle movement network,
and Miranda et al. [18] analyzed the transportation routes of livestock vehicles to show the
various advantages of specific routes (in addition to preventing the spread of infectious
diseases), e.g., preserving the status of livestock products or reducing transportation costs.

In the past, research on the spread of livestock diseases has been weak in the micro-
spatial areas of road units, as detailed DBs on individual livestock-related vehicles have
not been obtained. Recently, however, big public data have become available, and it is easy
to collect DBs with the mobile information of each vehicle by requiring the government or
local governments to install GPS on livestock vehicles.

GPS data should be collected for each livestock-related vehicle to analyze vehicles’
movement behaviors and establish appropriate quarantine policies, as recommended by
Korean MAFRA (Ministry of Agriculture, Food and Rural Affairs) since 2012 [19]. The US
Animal and Plant Health Inspection Service has also established a system for monitoring
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movements between objects through the National Animal Health Monitoring System,
a monitoring system for livestock diseases [11]. The Rapid Analysis and Detection of
Animal-Related Risks (RADAR) System were established in the case of the UK [12,20].
In Denmark, the Central Husbandry Register (CHR) system aggregates breed and GPS
data [10,21]. As such, some countries encourage the establishment of a vehicle monitoring
system to prevent livestock epidemics and collect relevant databases. However, many
countries have not been established as monitoring and database systems to analyze moving
data for livestock-related vehicles.

In South Korea, the government aggregates livestock-related facility visit history data
on livestock-related vehicles but does not compile detailed information on the road that
each vehicle uses when moving. The Korean government also provides DTG data that
aggregate commercial cargo vehicles’ location coordinates in a 1-s time interval. However,
the data do not distinguish between the vehicles’ load items, making it difficult to extract
only livestock-related vehicles’ trajectories. In other words, there are no coordinates of
the vehicle in the visit history data, and there is no information in the DTG data on which
cargo vehicles are related to the livestock.

Therefore, this study aims to identify livestock-related vehicles among freight vehicles
and extract the trajectory of such vehicles by matching livestock-related facility visit history
data with DTG data. It also aimed to establish livestock-related vehicles’ origin and
destination matrix using visit history data to analyze the network connection of the spread
of livestock diseases in the future. Through this study, the actual routes of livestock-related
vehicles could expect to be identified, and the types of livestock disease products that
are loaded and used could be derived. In many countries, DTG or GPS are installed in
commercial cargo vehicles. The data collected from these equipment do not provide
information on what cargo vehicles are carrying, but only livestock transport vehicles can
be extracted by the data matching methodology presented in this study. The advantage of
tracking the trajectory of these extracted livestock transport vehicles is that they can find
out which livestock facilities they frequently visit, which can predict the propagation route
in the event of an epidemic. We believe that these technologies will be useful in Korea and
in countries that do not apply real-time monitoring systems for livestock transport vehicles.

2. Data Description
2.1. Necessity of Methodology

Developing integrated livestock-related data collection systems and infrastructure has
already been under government leadership in the livestock sector, such as the UK RADAR
system, Denmark’s CHR system, and the US NAHMS to take appropriate control in the
event of an epidemic [10–12,20,21]. Such a system is used to research and develop livestock
diseases and minimize social damage in the livestock sector in the event of a disaster by
preventing the livestock diseases and preventing the spread of livestock diseases. However,
most countries do not have such a system. Even countries such as China and Brazil, which
have the world’s first and sixth-largest pork production, do not have separate livestock
management databases or data collection systems [22]. This is due to the fact that data
collection and integrated management systems at the national level are expensive to build
and require a high technology level for deployment and management.

For this reason, this work aims to present a methodology for building integrated
databases using existing collected data rather than new systems. This will enable the
existing data collection system to derive integrated livestock-related data and be used
efficiently in the transition phase for advanced data management systems.

2.2. Data Description

This study conducted a case study on Gyeonggi-do, where south Korea’s livestock-
related facilities are concentrated. The analysis was based on visit history data provided
by the Korea Animal Health Integrated System, a six-level road network provided by the
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Korea Transport Database, and DTG data provided by the Korea Transportation Safety
Authority. Tables 1–3 below show the structure of each data collection as an example.

Table 1. Structure of visit history data.

Date and Time Facility Type Address Livestock Type Purpose of Visit Vehicle ID

5 December 2017
22:32:04 Farm

32, Danjae-ro, Sangdang-gu,
Cheongju-si, Chungcheongbuk-do,

Republic of Korea
Local chicken Livestock

transport 1

9 December 2017
20:46:07 Farm

34, Danjae-ro, Sangdang-gu,
Cheongju-si, Chungcheongbuk-do,

Republic of Korea
Duck, Rabbit Livestock

transport 2

14 December
2017

04:46:45
Farm

35, Danjae-ro, Sangdang-gu,
Cheongju-si, Chungcheongbuk-do,

Republic of Korea
Duck, Rabbit Livestock

transport 3

14 December
2017

13:50:06
Farm

31, Changcheon-gil, Gacheon-myeon,
Seongju-gun, Gyeongsangbuk-do,

Republic of Korea
Local cow Livestock

transport 10

17 December
2017

20:18:19
Farm

33, Changcheon-gil, Gacheon-myeon,
Seongju-gun, Gyeongsangbuk-do,

Republic of Korea

Local cow, Milk
cow

Livestock
transport 11

Table 2. Structure of digital tachograph (DTG) data.

Vehicle ID Type
ID

Speed
(km/h) X Coordinate Y Coordinate Date and Time

(yy:mm:dd:hh:mm:ss)

C-212184620717120607530000 31 0 126.715956 37.60597 171206075400
C-212184620717120607530000 31 0 126.715978 37.605951 171206075500
C-212184620717120607530000 31 0 126.715971 37.605918 171206075600
C-212184620717120607530000 31 0 126.715991 37.605965 171206075700
C-212184620717120607530000 31 0 126.715976 37.605961 171206075800

Table 3. Structure of roadway link data.

Roadway Link ID Street Name Length (km) Link Type

412300044 Myeongseong-ro 0.02400000000 General
412300047 Sutgol-gil 0.03900000000 General
412300057 Sambuyeon-ro 0.06200000000 General
412300058 Changdong-ro 0.03700000000 General
412300076 Changdong-ro 1894beon-gil 0.03000000000 Bridge
412300086 Yonghwadong-gil 0.03200000000 Bridge

The visit history data comprise data aggregating the time of access by the vehicle,
type of livestock being loaded, the purpose of driving, and the facility’s address when the
livestock-related facilities registered in each livestock-related facility are accessed. A total
of 2,499,788 data in 1 month, from 1 December 2017 to 31 December 2017, were used for
the analysis. The statuses of the 11,472 facilities and 117,404 links in Gyeonggi province are
shown in Figure 1, and the frequency of operation for a total of 34,634 livestock vehicles is
shown in Table 4, respectively.

The DTG data aggregate information at intervals of 1 s, while commercial freight
vehicles drive. The collecting information includes the location, time, and speed on the
GPS, 40 billion rows were collected as of December 2017 for this study.
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Figure 1. Locations of road links and livestock-related facilities in Gyeonggi-do. (a) Roadway links in Gyeonggi Province;
(b) Livestock farms in Gyeonggi Province; (c) Livestock-related facilities Gyeonggi Province (excepting livestock farms);
(d) Integrated locations of road links and livestock-related facilities information.

Table 4. Purposes of livestock-related vehicles.

Purpose of Transport Number of Vehicles Percentages

Livestock transport 15,730 45.42%
Feed transport 7968 23.01%

Consulting 2939 8.49%
Egg transport 1853 5.35%

Livestock excretions transport 1322 3.82%
Compost transport 909 2.62%

Diagnosis/Vaccination 809 2.34%
Artificial insemination 796 2.30%

Livestock medicine transport 718 2.07%
Chaff/Sand dust/Straw transport 672 1.94%

Milk transport 630 1.82%
Repair machine 219 0.63%

Bulky feed transport 69 0.20%
Total 34,634 100.00%

3. Results
3.1. Building Process in the Integrated Data

As shown in Figure 2, this study’s primary purpose is to extract information from
the DTG data of actual livestock-related facilities. However, as the DTG data size is
considerable, it is necessary to preprocess the data to eliminate unnecessary variables and
extract only the data for cargo vehicles. Therefore, data for commercial vehicles of buses,
trucks, and taxis were preprocessed. Parallel processing was performed by dividing it
into 200 datasets to speed up the process of preprocessing big data, and only the DTG
data of cargo vehicles were extracted and accumulated in the computing system [23–25].
The addresses of livestock-related facilities in the visit history data were converted to
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coordinates through geocoding to obtain livestock-related facilities’ locations. A spatial
analysis was conducted on the livestock-related facilities’ coordinates and DTG data of the
extracted cargo trucks.

Figure 2. Process for extracting livestock-related vehicles from DTG data.

The visit history data were used to extract a list of visited facilities by vehicle. Based
on this list, the visit history data and DTG data were matched by each vehicle ID. Finally,
the integrating data, including the road links used by the livestock-related vehicles and
purposes of driving and loading the vehicles, were presented for each origin and destination
pair between the livestock-related facilities. The process for integrating the database is
illustrated in Figure 3.

3.2. Integrated Database (DB) Establishment for the Analysis of Livestock-Related Vehicles

The integrating method proposed in this study is based on a simple principle. How-
ever, there is the practical and scientific reason. This study defined the “livestock-related
activity” as the time when the cargo truck stops for more than 5 min within 100 m of
the livestock-related facility coordinates to extract livestock-related vehicles. The 5 min
was derived to an equivalent to the average time of loading and unloading of livestock
through the field survey. Additionally, the trip keys of cargo vehicles that carried out
livestock-related activities more than two times a day were extracted to reflect the behavior
of livestock loading and unloading and were considered livestock-related vehicles. The
results of these criteria can be statistically demonstrated, but the consultation from rele-
vant experts also supported the conclusion that the criteria derived from this study are
practically valid.
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Figure 3. Process for the integrating database.
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The ratio of livestock-related vehicles to registered cargo vehicles was compared with
the ratio of livestock-related vehicles derived from the DTG data to verify the matching
results for livestock-related vehicles derived from this study. Table 5 shows the ratio of the
5441 livestock-related vehicles (5.25%) to the 103,700 cargo vehicles registered in Gyeonggi-
do Province, along with the ratios of the livestock-related vehicles as extracted from among
the daily passing cargo vehicles recorded in the DTG data. The livestock-related facilities
data were based on stops for 2, 5, and 10 min, respectively. It was found that the ratio of
livestock-related vehicles to all the cargo vehicles, when stopped for 5 min, was similar to
that of the registered vehicles.

Table 5. Ratio of livestock-related vehicles to cargo vehicles.

Criteria Number of Cargo
Vehicles

Number of Livestock-Related
Vehicles

Ratio
(%)

Registered vehicles 103,700 5441 5.25
Extraction vehicles

(stop for 2 min) 112,215 7375 6.57

Extraction vehicles
(stop for 5 min) 112,215 5146 4.59

Extraction vehicles
(stop for 10 min) 112,215 4293 3.83

When the livestock-related vehicles in the visit history data stopped at each facility,
the time frequencies were calculated to prove the results. Vehicles stopped for more than
5 min, as shown in Figure 4, which accounted for 96.5% of all the vehicles. The trajectory of
a vehicle with an origin-destination pair visiting more than two livestock-related facilities
(as extracted on a 5-min basis) was visualized, as shown in Figure 5.

Figure 4. Frequency by the stopping time of vehicles in livestock facilities.

To build a database that integrates facility information from visit history data with
location information from DTG data, the three attributes were matched: The route through
which the vehicle visited the facility in the DTG, attribute values by the facility, and
information regarding the links actually used. First, the vehicle trajectory and facility
locations in the visit history data were matched to check the details of the facilities visited
by each vehicle and produce a route comprising the facilities visited, as shown in Figure 6.

The pathways for livestock-related vehicles shown in Figure 6 are, in order, 1→2→3→4.
Second, we analyzed the visit history data and compiled attributes for each livestock-related
facility, including the type of facility, purposes of visiting vehicles, and breeds. Finally,
the data on the movement trajectories of livestock-related vehicles were matched to road
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links to estimate the road links used by the livestock-related vehicles, and the time spent
on the roads was aggregated. This analysis resulted in developing an integrated DB with
279,135 rows as partly shown in Table 6 for matching the origin-destination of a facility’s
location, the road links used, and passage and occupancy times.

3.3. Utilization of Analysis Results and Future Research

This study visualized the database’s travel time by the link and compared it with the
spread of foot-and-mouth disease and avian influenza in Korea as of 2011 to verify the
integrated database’s effectiveness, as shown in Figure 7 [26]. It can be seen that foot-and-
mouth disease and avian influenza have spread near Gyeonggi-do, Gangneung-si, and
Haenam-gun, which have a long exposure time to livestock-related vehicles.

Through the study, livestock-related vehicles’ actual movement trajectory was derived,
and based on this, areas with a high risk of spreading livestock diseases were also identified.
We expect that it will be possible to find the propagation pathway of infectious diseases
by advancing the integrated database building model presented in the study. It is also
predicted that it will be possible to analyze the trajectory of livestock-related vehicles used
in the study in considering the characteristics of roads operated by the vehicle, such as
traffic volume, number of lanes, and road grades. Finally, the topology information based
on each livestock facility’s physical network will be applied to build a model that reflects
the relationship between livestock facilities.

Figure 5. Trajectory of the livestock-related vehicles with an origin-destination pair.
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Figure 6. Trajectory of the livestock-related vehicles from visit history data.

Figure 7. Comparison of links with high exposure to infectious diseases and actual outbreak areas.

Table 6. Sample of the integrated dataset for livestock vehicles.

Departure
Facility ID

Facility
Type

Livestock
Type

Vehicle’s Travel
Purpose

Arrival
Facility ID Facility Type Livestock

Type
Vehicle’s Travel

Purpose Vehicle ID Date and
Time

Roadway
Link Number

Travel Time
by Link (s)

2464 farm
local cow,
milk cow,

local chicken

feed transport,
milk transport 1407 livestock

farm
milk cow

feed transport,
milk transport

C-1348 . . . 17120610371600 576610117 18

C-1348 . . . 17120610373400 576612978 24

C-1348 . . . 17120610375800 576613304 1

C-1348 . . . 17120610375900 576611638 241

C-1348 . . . 17120610400000 576611638 . . .

. . . . . . . . . . . .

91 farm local cow,
milk cow

feed transport,
milk transport,

Consulting
262 Slaughter

house
local cow,
milk cow

Livestock
transport

C-3440 . . . 17120412365400 571156976 1

C-3440 . . . 17120412365500 571156971 2

C-3440 . . . 17120412365700 571156883 4

C-3440 . . . 17120412366100 571147502 2

C-3440 . . . 17120412366300 571154080 . . .

. . . . . . . . . . . .
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4. Conclusions

A road mobility analysis of livestock-related vehicles is essential for efficiently pre-
venting the spread of livestock epidemics. However, current animal disease prevention
procedures are conducted based on a unified procedure, without any analysis related to
livestock-related vehicles’ road mobility. Moreover, livestock-related vehicle trajectory data
required for accurate analysis are not considered.

As big data have recently become open to the public, DTG data, including cargo
vehicles’ travel information by microscopic temporal and spatial scopes and visit history
data collecting information on entering and leaving livestock-related facilities, have become
available. The analysis of such data for livestock disease prevention has become convenient
through various programming tools.

Therefore, the purposes of this study were to use plausible logic to collect relevant
data and integrate information on the road links used by livestock-related vehicles and the
livestock-related facilities visited by livestock-related vehicles, to establish a necessary DB
for analyzing the spread of livestock epidemics. Of the 5146 vehicles, which did “livestock-
related activity” extracted using the criteria proposed in this study, physical networks
were formed through the actual road links of 670 freight vehicles visiting more than two
livestock-related facilities. In addition, a unified DB of 279,135 trajectories was established
by matching vehicle location information from DTG data with livestock-related facility
information from visit history data.

The spread of livestock epidemics is closely related to the mobility of livestock-related
vehicles but establishing a system to collect and manage the movement trajectory of all
livestock-related vehicles at the national level is costly. This study proposes a method-
ological framework for integrating the DTG data with visit history data to form a DB
covering livestock-related vehicles’ actual movements to propose a system that can utilize
the existing systems. The next step is to quantitatively estimate the risk of the spread of
livestock diseases in roadway links by analyzing how many livestock-related vehicles pass
through each link. It is essential to establish an integrated DB performed in this study to
quantify the risk by a roadway link. The integrated DB provides travel information of
livestock-related vehicles in microscopic temporal and spatial units. It is expected that the
use of the integrated livestock-related vehicle DB will pave the way to prevent the spread
of livestock epidemics. Although the DTG data were aggregated for commercial vehicles
when there were not enough samples for analysis, it could be possible to further integrate
the navigation data to build and analyze a DB, including the entire set of livestock-related
vehicles. It is also expected that epidemiological studies on infectious diseases targeting
specific breeds will be possible through the DB information on the types of livestock-related
to facilities.

Since this study applied South Korea to a spatial extent, it is necessary to readjust
the criteria for extracting livestock transport vehicles from the integrated DB to apply to
countries where the geographical location characteristics of livestock facilities are different.
Therefore, future research on the applicable criteria worldwide will be required. Further-
more, future studies will be able to calculate the occupancy time for each road link used
by livestock-related vehicles and present risk exposure indicators related to the spread of
infectious diseases.
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