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Abstract—Intelligent plant cultivation robots will have certain working obstacles due to various moving objects, such as
pets. This letter studies how to predict the trajectory of pets to avoid collisions. In previous intelligent plant cultivation robot
systems, target-tracking technology was used to track pets and avoid collisions. However, collisions often occur even
after tracking the trajectory of the pet because the trajectory of the pet’s movement is difficult to determine. Therefore, the
Informer algorithm is used to predict the trajectory of pets in this letter. It is presented that collisions can be avoided based
on the predicted trajectory. Experimental results on the data set show that this algorithm has better accuracy than most
common algorithms, so trajectory prediction based on this algorithm can make the robot avoid obstacles better. Finally,
by verifying two data sets, the public data set and the self-made data set, it is determined that the performance of the
proposed method is optimized by 3%–50% compared with other methods.

Index Terms—Sensor applications, deep learning, distance estimation, Informer, robot, trajectory prediction.

I. INTRODUCTION

In this period of rapid development of robots, there are different
kinds of robots in all kinds of industries, such as medical robots [1],
robotic arms [2], underwater robots [3], and robots in other industries.
There is no doubt that robots are a scorching topic nowadays. Likewise,
intelligent plant cultivation robot system [4], [5], which performs better
than the existing plant cultivation systems as it costs less, saves more
time, and achieves better quality, also emerged in the field of plant
cultivation. The system performs particularly prominent when it is
used indoors.

Intelligent plant cultivation robots can complete the work of a static
environment, but the problem of dealing with pet distractions remains
to be solved. Trajectory prediction has been widely applied in various
fields at present, including ship trajectory [6], typhoon trajectory
[7], and vehicle trajectory [8]. From the perspective of trajectory
prediction, this letter predicts the route of pets in advance so that the
intelligent plant robot can avoid the pets.

In the current field of trajectory prediction research, the research on
trajectory prediction can be divided into three areas: 1) physics-based
approaches; 2) classical machine learning approaches; 3) deep learning
approaches. In the physics approach, trajectory prediction is performed
by modeling some of the intuitive features of a pedestrian and then
generalizing the past state to the future based on different physical
models [9], [10], [11]; in the classical machine learning approach,
the trajectory prediction problem is transformed from model-driven to
data-driven, and various classical machine learning models are heavily
used in this approach [12], [13], [14]; In deep learning methods,

Corresponding author: Zihan Jiang (e-mail: 1095773538@qq.com).
Zihan Jiang and Bo Jin contributed equally to this work.
Associate Editor: L. Azpilicueta.
Digital Object Identifier 10.1109/LSENS.2023.3238468

trajectory prediction is viewed as a sequence generation problem,
where deep learning models learn valuable information from pedes-
trian movement trajectories to perform pedestrian trajectory prediction
[15], [16], [17].

The method adopted in this letter is supervised learning, which is a
deep learning method, and it requires a lot of historical data. In order
to reduce the workload of the manual label, the Yolov5+Deep Sort is
adopted for automatic labeling. Through target recognition and track
following, the track data of pet moving is automatically recognized,
and the purpose of reducing manual labels can be finally achieved.

Informer [18] is applied in the field of trajectory prediction for
the first time in this letter, and it is compared with other trajectory
prediction algorithms. Experiments show that Informer has a better
performance than other algorithms in the field of trajectory prediction.

Furthermore, 3-D pet trajectory prediction based on a two-layer
Informer is carried out in this letter to realize the full function of
collision avoidance.

In general, the main contributions of this letter are as follows.
1) Applying Informer in track prediction for the first time.
2) Using a two-layer Informer for 3-D trajectory prediction.
3) Employing Yolov5+Deep Sort for automatic labeling reduces

95% of manual labeling.

II. INTELLIGENT PLANT CULTIVATION
ROBOT SYSTEM

As shown in Fig. 1, the experimental object used in this letter is an
intelligent plant cultivation robot composed of robot hardware facilities
and a robot development platform.

The robot mainly consists of five modules: 1) the plant cultivation
module; 2) the optical module; 3) the mapping module; 4) the path
planning module; and 5) the speech processing module.
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Fig. 1. Intelligent plant cultivation robot system.
TABLE 1. Improvement of Informer

Fig. 2. Informer network structure.

III. TRAJECTORY PREDICTION

The trajectory prediction algorithm used in this letter is the Informer
algorithm improved by Transformer [19]. The principle of Informer
will be briefly introduced as follows.

Informer is proposed to overcome the shortcomings of the Trans-
former and consider the characteristics of long-term time series pre-
diction, as shown in Table 1.

The overall Informer model architecture, similar to the Transformer,
is divided into Encoder and Decoder, as shown in Fig. 2.

IV. DATA SETS

Data is essential in the field of deep learning. The self-made pet-
tracking data set in this letter includes 400 000 marked targets, and the
total time of the data set reaches 30 min, with 30 frames per second.
There is no doubt that the labeling task of this dataset is challenging
because there are too many needed tags. Consequently, manual and
automatic labeling are combined to complete our experiment, which
significantly reduces the workload required for labeling.

A. Manual Labeling of Object Images

In this letter, the target tracking method of YOLOv5X+Deep Sort
is used to reduce the workload required in manual marking. First,

Fig. 3. Actual testing results of YOLOv5x.

Fig. 4. Deep sort actual testing results.

YOLOv5X needs to be trained for pet target recognition. As the
object recognition method in this letter belongs to supervised learning,
object category information and object border position information
need to be obtained. Then, Labeling is used to label the collected
training samples in the experimental part. Altogether, 1000 images are
manually selected from the self-made data set for annotation.

After the image annotation, the data set is divided into the training
set, verification set, and test set, with the training set accounting for
70%, verification set 20%, and test set for 10%, respectively.

B. Automatic Labeling of Object Images

After the training of the YOLOv5X model is completed, the user
object information can be gathered by automatic image marking. It is
roughly calculated that automatic labeling reduces more than 95% of
the workload compared with manual labeling. Next, the two algorithms
of automatic marking are briefly introduced in the following section.

1) YOLOv5x: YOLOv5 is a single-stage target detection algo-
rithm. Compared with YOLOv4 [20], YOLOv5 has smaller mean
weight files [21], [22], shorter training time, and faster inference
speed based on less reduction in average detection accuracy. YOLOv5
network structure is divided into four parts: 1) Input, 2) Backbone,
3) Neck, and 4) Head.

In this letter, the YOLOv5X model is finally decided as the object
detection model in this letter by considering both accuracy and speed.
The final experimental results are shown in Fig. 3.

It can be seen from Fig. 3 that YOLOv5x can better detect the
position of pets in the image and replace manual marking to some
extent.

2) Deep Sort [23]: Deep Sort adopts recursive Kalman filtering and
hypothesis tracking methods of frame-by-frame data association. The
final effect diagram of the Deep Sort implementation is shown in Fig. 4.

As seen from Fig. 4, Deep Sort, having a good effect of tracking
objects, can better mark the moving trajectory data of pets.
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Fig. 5. Schematic diagram of pet trajectory prediction.

TABLE 2. Experimental Results of Pet Data Set

V. EXPERIMENTAL RESULTS OF
TRAJECTORY PREDICTION

Two data sets are mainly adopted in the experiment of this letter. The
first is the open ETH data set, which verifies the extensive application
of the trajectory prediction method. The second is a self-made pet
trajectory movement data set, through which the trajectory prediction
algorithm is applied to practical applications.

A. Evaluation Principle

This letter uses two indicators to evaluate the model’s performance:
ADE [24] and FDE [25]. ADE represents the mean square error of all
predicted positions and actual positions during the prediction period.
FDE demonstrates the distance between the final predicted position
and the corresponding absolute position at the end of the predicted
trajectory. The calculation method is shown in

ADE =
∑

n∈N
∑

t∈Tr || p̂n
t − pn

t ||2
N ∗ Tp

(1)

FDE =
∑

n∈N || p̂n
t − pn

t ||2
N

, t = Tfinal. (2)

B. Self-Made Data Set (Pet Data Set)

The pet information, which forms the self-made pet data set in this
letter, was gathered and labeled from a long-time shooting of a con-
stantly changing scene using the perspective of a stationary intelligent
plant cultivation robot. The schematic diagram of the prediction is
shown in Fig. 5.

As seen from Table 2, the algorithm proposed in this letter performs
better than other typical trajectory prediction algorithms in the pet data
set. It can forecast the trajectory of pets more accurately.

TABLE 3. Experimental Results of ETH Data Set

C. Open Data Set (ETH Data Set)

ETH is a binocular vision-based pedestrian database that can be
used for a variety of studies on pedestrian movement.

As can be seen from Table 3, the algorithm proposed in this letter
performs better than other typical trajectory prediction algorithms in
ETH data sets. It can accurately predict the trajectory of pedestrians,
which has a specific promotion value.

VI. EXTENDED APPLICATION (DOUBLE LAYER
INFORMER FOR OBSTACLE AVOIDANCE)

In this section, two-layer Informer are used to predict the 3-D
trajectory of pet movement. The function of each layer is, to: 1. Predict
2-D trajectory of pet movement; 2. Predict the distance between the
pet and the robot. The first layer of Informer has been fully described
in the previous parts, so this section puts emphasis on the second layer.

The vision module of the intelligent plant cultivation robot system
proposed in this letter is a binocular camera based on the depth camera,
so simple triangulation can be used to learn the distance between the
pet and the robot visually. When the pet appears in the visible range
of the camera for the first time, i.e., the distance between the pet and
the robot is measured, and the distance is denoted as s1.

The information we can get from the target detection frame includes
(x, y, w, h) and the target frame can be drawn by calculating the four
points (x, y), (x + w, y), (x, y + h), and (x + w, y + h).

On the premise that s1 is known, this letter deduces sn at each time
point by calculating the area ratio of target detection frames between
each time point. The specific calculation formula is shown in

sn = s1
wnhn

w1h1
. (3)

Therefore, this letter predicts sat different time points by predicting
w, h. The evaluation indexes of the prediction results are still ADE
and FDE, with the value of ADE and FDE being 5.641 and 9.551,
respectively. This shows that the algorithm proposed in this letter has
good prediction results. Combined with the pet movement trajectory
predicted by the first-layer Informer, the schematic diagram of the final
realization is shown in Fig. 6.

In Fig. 6, the blue ball represents the robot, the green ball the pet, sn

the predicted distance between the pet and the robot, the dotted line is
the predicted distance, and the solid line is the predicted direction of
movement.
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Fig. 6. Pet track prediction scheme.

VII. CONCLUSION

This letter effectively solves the problem of too many collisions
between intelligent plant cultivation robots and pets. First, the original
trajectory-tracking method is improved to the trajectory prediction
method. Second, the Informer is used in the field of track prediction
for the first time and has obtained excellent results. At the same time,
two data sets have been verified in this letter, and the experiment
shows that this letter has a 3%–50% improvement compared with
other methods in the comparison method. Finally, the combination
of Informer employed in pet track prediction on images and Informer
based on distance prediction realizes the track prediction on the 3-D
level, achieving a rather remarkable effect.
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