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Abstract. In order to meet the needs of ranchers and grassland livestock manage-
ment departments for the visualization of grazing behavior, this study develops a
statistical and visual platform for herd trajectory. TheWebAppBuilder for ArcGIS
and ArcGIS Online were used to implement statistics and visualization of herd
trajectories. The walking speed, walking trajectory and feed intake of the herd
were calculated by the GP service on the server. The calculation results were pub-
lished to the ArcGIS online platform. The relevant information was analyzed and
displayed byWebAppBuilder for ArcGIS calling the data onArcGISOnline. This
platform achieved the visualization function of walking speed, walking trajectory
and feed intake of the herd. It can provide technical support and data support for
relevant management departments to monitor grazing information and study the
living habits of herds.
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1 Introduction

Animal husbandry is an important part of agriculture. It has very important impact
on socioeconomic development and people’s production and life [1]. Grassland is an
extremely important natural resource in the development of animal husbandry [2]. Ratio-
nal use of grassland resources is related to the sustainable development of animal hus-
bandry. However, most grassland has different degrees of grassland degradation [3], and
overfeeding of herds on grassland is one of the causes of grassland degradation [4, 5]. In
a period of time, the feed intake of the herd exceeds the tolerance limit of the grassland
in the region [6]. It breaks the ecological balance of grassland and leads to the failure
of regeneration of grassland resources. Therefore, it is necessary to analyze the grazing
behavior of herds in time and accurately. It is of great significance to adjust grazing
strategies, improve grassland productivity and protect grassland ecosystems [7, 8].
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Traditionally, the feeding behavior was mainly studied by observation methods.
Devices such as counters, stopwatches, and telescopes were used to track the feeding
behavior of the herd [9–11]. But there are some limitations due to the number of people,
devices capabilities and study area. The traditional methods waste time and energy. The
information collected by traditional methods is small and the timeliness is poor. It is
difficult to describe the spatiotemporal information of herd feeding behavior accurately
[12].

In recent years, GPS (Global Positioning System) technology, GIS (Geographic
Information System) technology,modern communication and computer technology have
gradually matured. Domestic and foreign scholars have applied the above technologies
into the grassland and animal husbandry [13, 14]. These methods are not limited by
conditions such as time and terrain. It can record the grazing trajectory of the herd
and generate spatiotemporal trajectory data containing the movement information of the
herd. The habits of the herd can be studied through trajectory data [15, 16].

Arnon et al. conducted his experiment at a study site in the semi-arid region of
the Negev, northern Israel. They used GPS devices to record the trajectory of the herd.
They analyzed the herd’s walking speed by the factors of the pasture (slope, aspect,
and distance between the herd and the corral). The speed of flock movement is greatly
affected by the distance of the corral. The flock walks fastest when the distance between
the flock and the corral is the largest or the smallest. As the slope increases, the walking
speed of the flock decreases. The walking speed of the flock is also affected by the aspect
[17].

Henkin et al. studied the effects of topographical factors on cattle foraging behav-
ior in hilly areas. In this study, they used the LOTEK 2200 series GPS collar (Lotek
Engineering, Newmarket, ON, Canada) to record the trajectory of the herd at intervals
of 5 min. They analyzed the grazing trajectory under different grazing intensities and
different seasons. They found that the herd likes to eat in flat terrain. Only when the
grazing intensity tends to be saturated or the forage biomass is low will it eat in areas
with steep terrain [18].

Manuel Lomillos Pérez et al. used global positioning system and general packet radio
technology (GPS-GPRS) to track andmonitor free-range cow. The circadian rhythmmap
of the walking distance of cattle in a few hours was obtained. It was concluded that the
average daily walking distance of cattle is 3.15 km [19].

Wang, Akasbi, Kawamura et al. used GPS devices to obtain temporal and spatial
trajectory data of herd grazing. The feed intake distribution of herds was obtained by
grid method [12, 20, 21].

According to the current literature, there are very few studies on the visualization
platforms that provide ranchers and grassland livestock management departments with
attribute information such as herd movement trajectory, walking speed, feed intake dis-
tribution and their relationship with grassland environment. The purpose of this study
is to develop a statistical and visual platform for herd trajectory. The specific objectives
are to 1) to calculate herd’s walking speed, walking trajectories and feed intake, 2) to
publish the results to ArcGIS Online, and 3) to show the relationship among trajectory
points, grazing time and environment intuitively.
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2 Data and Methods

2.1 Grazing Track Data Acquisition

In this study, the GT03C positioning tracker of Shenzhen Gumi was used to locate the
geographical position of sheep. The positioning error of the device is less than 10 m.
The overall quality of the device is 202 g. The specification is 91.5 mm × 57.0 mm ×
37.5 mm (length × width × height). Hulbert et al. showed that when the ratio of the
quality of the device and the quality of the sheep is less than 2.2%, it will not affect the
physiological behavior and feeding speed of sheep [18]. In this experiment, the sampling
time interval of GPS device was 3 min.

The trajectory data was collected from April to September 2016 and April to August
2017. During the sampling period, GPS data was uploaded to Exlive (Location Service
Platform) and stored in Microsoft SQL Server 2008 database. The main information
of trajectory data included GPS device ID, longitude and latitude information, sending
time, etc. The trajectory data of this study were derived from the Ziniquan ranch, No.
151st regiment of the 8th division of Xinjiang production and Construction Corps. Its
geographical location is 85°46′15. 06′′ E, 44°00′13. 23′′ N.

2.2 Grazing Track and Speed

Grazing Trajectory: T = {T1,1 . . . , Ti, j , . . . , Tn,m} represents the trajectory unit set.
It is a collection of herd trajectory over a period of time. Ti, j = {P1, P2, . . . , Pn}
(0 ≤ i ≤ n, 0 ≤ j ≤ m) represents the trajectory unit. It is the set of trajectory points
of the j-th monitored sheep on the i-th day and the set of spatial points with time series.
Pk(0 ≤ k ≤ n) is the k-th trajectory point in the set of trajectory points, including
longitude, latitude, positioning time ti and other information.

Trajectory segment: Several trajectories Li (0 ≤ i ≤ n)wereobtainedby segmenting
the trajectory elements. The segmentation method is based on the GPS points contained
in the trajectory segment and GPS points are not less than 2. The smaller the number
of trajectory points contained in the trajectory segment, the closer the fitted grazing
trajectory is to the real grazing trajectory. Therefore, Li represents the trajectory between
two trajectory points Pi and Pi+1.

Grazing speed: The trajectory segment is a sequential trajectory segment connected
by two trajectory points (Fig. 1). Therefore, grazing speed is the ratio of trajectory
segment

−−−−→
Pı Pı+1 and the time difference ti+1 − ti (Eq. 1):

−→
νi =

−−−−→
Pı Pı+1

ti+1 − ti
(1)

The study used the TrackIntervalsToLine_ta() function to calculate the trajectory
speed and plot the trajectory of the herd. The trajectory of a sheep could be got by
inputting device ID and using the MakeQueryTable_management() function.
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Fig. 1. The speed of grazing trajectory point in continuous time

2.3 Feed Intake Distribution

The feed intake distribution is a grid consisting of cells containing feed intake values
and spatial information. Assuming that there is no significant difference between the
total daily herd feed intake and daily herd speed of eating [12], the daily feed intake of
the herd was calculated as:

DFI D = F(S, tstart , tend , IDHF I ) =
∑k

i=0

∑l

j=0
f
(
Ti, j , IDHF I

)
(2)

Where S is the given spatial region; tstart , tend is the given start and end time. IDHF I is
the total daily feed intake. It is composed of the feed intake Ii of each trajectory segment.
Ti, j is the herd trajectory unit of the jth monitored sheep on the ith day. f

(
Ti, j , IDHF I

)

is the daily feed intake distribution generated by the corresponding trajectory unit Ti, j .
The first summation is the distribution of feed intake for all herds in a day. The second
summation is the distribution of feed intake for all herds over several days. The feed
intake Ii was calculated as:

Ii = ti · vDHSE

Si
= ti

Si
· IDHF I

tADFT
(0 < i < n) (3)

Where ti is the effective feeding time extracted from the time attribute of the trajectory
segment Li . vDHSE is the average eating speed of the herd daily. Si is the buffer area of
each trajectory segment, and tADFT is the total daily feed time.

The study used the GenerateNearTable_analysis() function, the Buffer_analysis()
function and theCalculateField_management() function to calculate the daily feed intake
distribution of the herd. For the multi-day feed intake distribution of the herd, it was
necessary to add up the daily feed intake of the herd.

3 Results

The architecture of the platform consisted of the presentation layer, the business logic
Layer and the data layer (Fig. 2). The Web AppBuilder for ArcGIS framework was used
by the Presentation Layer to provide a user-friendly display interface. It implemented
some functions such as statistical analysis, spatial query, spatial analysis, map naviga-
tion operations and so on. The cloud computing-based GIS mapping platform (ArcGIS
Online) was used by the business logic layer to create a basic map service. The platform
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built some models for calculating speed, trajectory and feed intake through ArcGIS. The
models were packed as GP services. They were uploaded to the server for trajectory data
processing. The Data Layer provided the system with the data of pasture boundary and
trajectory points of herd.

Fig. 2. Platform architecture diagram

The platform could calculate the speed, altitude and slope of the trajectory points of
the herd. It also could display information such as the herd trajectory and the proportion
of the number of trajectory collected by various devices. Meanwhile, the relationship
between walking speed and grazing time could be analyzed.

In this study, Ziniquan pasture, No. 151st regiment of the 8th division of Xinjiang
production and Construction Corps was taken as an example. The trajectory relation
diagram of the herd was obtained by collecting the trajectory information of the herd
on June 16, 2017 (Fig. 3). Figure 3 shows that there were 5 GPS devices to monitor
the grazing behavior of the herd on that day. The number of effective trajectory points
recorded was 745. The herd was about to leave the sheepfold for feed at 6:40 a.m.

The trajectory route and the feed intake of sheep with sheepID 9339081 on June 23,
2017 was calculated (Fig. 4). From the heat map of feed intake, it could be seen that
the feeding area of this sheep is in the east and southeast of the pasture. According to
the chart of feed intake changing with grazing time, we can know that the sheep left
the sheepfold at about 8:00 a.m. The sheep arrived at the feeding area around 8:30 and
began to eat freely. This sheep walked basically in the valley. This hills and slopes may
be steep, which was not conducive to feed for sheep. The terrain of the valley area may
be flat. The feeding along the valley may be consistent with the feeding and grazing
habits of sheep.
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Fig. 3. Trajectory graph of the herd on June 16, 2017

Fig. 4. Feed intake graph of sheepID 9339081 on June 23, 2017

4 Discussion

The platform achieved the visual display of the walking speed, the walking trajectory,
the feed intake and other data of the herd. It was developed by Web AppBuilder for
ArcGIS framework. The platform uses the ArcGIS model builder to build models. The
models were published as GP service to calculate walking speed, walking trajectory,
feed intake of herd and other attribute information on the server. The GIS mapping
platform (ArcGIS online server) was used to publish map services. It is beneficial to
make a reasonable grazing strategy and promote the sustainable development of animal
husbandry. However, the grazing behavior of the herd can’t be monitored in real time.
For example, the walking speed and direction of the herd can’t be measured in real time.
In addition, the platform mainly relies on ArcGIS online platform so that the display
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of results is slightly delayed. Therefore, we will add the functions of grazing trajectory
prediction, real-time monitoring of walking speed, and improve the loading speed of
data in the future study.

5 Conclusions

The trajectory statistics and visualization platform based on cloud GIS achieved the
visual display of the walking speed, the walking trajectory and the feed intake of the
herd. It also could show the relationship among trajectory points, grazing time and envi-
ronment intuitively. It can make ranchers, grassland livestock management departments
and related researchers intuitively understand the feed state and habits of the herd.
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