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ABSTRACT
In recent years, technology combining IT with existing ones has attracted attention. In this laboratory, we focused on hydroponic cultivation and
proposed a new hydroponic cultivation management system combining hydroponic cultivation and
robot. This system is able to respond to various
situations by combining automatic control by robot
and remote operation of robot. In past research, we
have constructed a system that displays the interface of the hydroponic culture management system
as an AR and manipulates it using Kinect. However, in this system there was a problem that Kinect
could only operate within the recognizable range.
On the other hand, in this research we propose to
use a device with a camera and a sensor attached to
the head mounted display.
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1 INTRODUCTION
In recent years, hydroponics has been receiving
attention as a new cultivation method [1]. Hydroponic culture is a cultivation method using
culture fluid instead of soil. There are various
cultivation methods from a method of cultivating a lot of crops on a large site to a device such
as a cultivation kit of home. Since hydroponics can cultivate crops indoors, it is not affected
by natural disasters such as wind damage and
heavy rain, and has merits such as possible production in urban areas. At present, automation
of hydroponic cultivation such as autonomous
hydroponic culture system etc. has been proposed in this hydroponic culture [2]. In contrast, We have proposed a system that remotely
manages multiple farms using robots. The outline of the proposed system is shown in Fig.1,
it is possible to produce higher quality crops

by using the conventional method [3]-[6]. This
system consists of two modes. The first mode
is an automatic operation mode in which the
robot automatically circulates through farms
and manages crops. An image of the automatic
management mode is shown in Fig.2. The second mode is a remote operation mode in which
the user manipulates the robot using the head
mounted display and manages detailed crops.
An image of the remote management mode is
shown in Fig.3. By using this system, both
efficient management by the automatic management mode and fine management based on
user’s knowledge and experience in the remote
management mode become possible. In addition, by using this system, it is possible to manage multiple robots by only one user, thus we
can reduce the labor cost per farm. In this research, We construct the interface a part of the
proposed system. The interface can display the
farm map and the marker indicating the position of the robot stereoscopically by using AR
and move the position of the marker so that the
robot on the farm can be moved to the position of the marker on the map. In the previous research, We realized these using Kinect
Fig.4. Therefor, the range that can operate the
interface is limited to the front of Kinect, thus
it was difficult to fine-tune operations such as
rotation operation of the robot and fine adjustment of the position. To solve these problems,
We propose a new method of using a device
equipped with a camera and a motion sensor
on a head mounted display. To realize that, it is
expected that the operation range will be wider
than that of conventional research, and more
detailed operation will be possible.

304

International Journal of Digital Information and Wireless Communications (IJDIWC) 8(4): 304-309
The Society of Digital Information and Wireless Communications, 2018 ISSN: 2225-658X (Online); ISSN 2412-6551 (Print)

Figure. 1. Overview of management system

Figure. 3. Image diagram of remote management mode

Figure. 2. Image diagram of automatic management
mode

2 PROPOSED INTERFACE

Figure. 4. Execution screen of the conventional method

2.1 Approach
In this research we propose to use a device with
a camera and a motion sensor mounted on a
head mount display instead of Kinect used in
previous research.
2.2 Device Construction
Fig.5. describes the hardware configuration.
Hardware consists of the following three parts.
(1)Oculus Rift, (2)Leap Motion Controller and
(3)ZED mini. First, We explain about Oculus
Rift. Oculus Rift is head-mounted display and
displays interface execution screen. Next, we
explain about Leap Motion Controller. Leap
Motion Controller is a motion sensor that uses
infrared and can recognize the motion of a human hand. At by using this sensor it becomes
possible to manipulate AR objects with bare
hands. Finally we explain ZED mini. ZED
mini is a Stereo camera. It can see the sur-

rounding scenery by outputting the image obtained from this camera to the head mount display. Also, it can obtain the depth by using the
images obtained from the camera and realize
the AR.
2.3 Flow of Propose Method
The procedure of the proposed interface will be
described. The flow chart is shown in Figure
Fig.6.
2.3.1 Specification of the place to Drawing
3D objects
In this section, specification of the plane on
which AR is displayed. If there is an obstacle near the place specified when displaying
the AR, the AR and the obstacle will interfere and the AR can not be displayed correctly.
In order to prevent this, we need to determine
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Figure. 5. Device used in this research

whether there is an obstacle within the display
range of the AR after designating the location.
In this method, we detect the specified plane
and judge whether or not there is an obstacle by
judging whether the area of the plane is larger
than the display range of AR. Fig.7 (a) and (b)
show an example when judging the planar area.
When the plane has sufficient size, the planar
part is covered with the blue mesh as shown in
Fig.7(a). When the plane does not have sufficient size, the plane part is covered with a red
mesh as shown in Fig.7(b). When it is judged
that the plane has sufficient area, it enables to
display AR.

Figure. 6. Device used in this research

(a) It has a enough area

2.3.2 Obtaining a current position of robot
In this example, we obtain the coordinates of
the robot in the farm. We communicates with
the robot on the farm side and acquires the self
position coordinates on the farm held by the
robot. After that, we reflect the acquired coordinates on the icon on the interface. By doing
this, you can link the icon on the interface with
the actual robot’s coordinates.
2.3.3 Drawing 3D object
In this section, we draw 3D objects that make
up the interface, such as a farm map. First,
we draw a farm map 3D object on the specified plane. Next, we draw the 3D object of

(b) It has not a enough area

Figure. 7. Comparison by plane area

the marker indicating the position of the robot
in the coordinates of the previously acquired
robot. Robot marker is show in Fig.8. Fig.9
shows the overall appearance of the last AR interface drawn.
2.3.4 Manipulating robot marker
This section describes the operation of markers. To manipulate the marker, we use the joint
coordinates of the hand obtained from Leap
Motion attached to the head mounted display.
The two main operations required for this interface are movement and rotation of the marker.
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√

(fx − tx )2 + (fy − ty )2 + (fz − tz )2
(1)
When the value of dis obtained is less than a
certain value, it is judged that the robot marker
is grabbed. By moving the hand while holding the robot marker, it is possible to move
the robot marker. In this state, the robot
marker can be moved by changing the coordinate of the robot marker by the same amount as
the change amount of the hand’s coordinates.
When the distance of dis becomes equal to or
more than a certain value, a marker is set at
that position, and the coordinates are set as the
movement destination of the robot.
dis =

Figure. 8. Robot marker

Figure. 9. Output interface
Figure. 10. Joint points

These two operations will be described in the
following sections.

2.3.5 Moving operation
This section describes the moving operation
of markers. First, the coordinates of the joint
of the hand are acquired using LeapMotion.
Fig.10 shows the joint points actually acquired.
Next, as shown in Fig.11, the coordinates
T (tx , ty , tz ) of the tip of the thumb of the hand
and the coordinates F (fx , fy , fz ) of the tip of
the index finger are acquired. Then, the distance dis between the two points is obtained
the equation (1).

2.3.6 Rotateing operation
This section explains the rotation operation of
the marker. Rotate operation is done by changing the direction of the marker while holding the marker. In order to realize this operation, it is necessary to calculate a change
in the orientation of the hand holding the
marker. Fig.12 shows the procedure for calculating the change in the orientation of the
hand. First, as shown in Fig.12 (a), at time
t − 1, a three-dimensional vector α is calculated from the three-dimensional position coordinate Hc at the center of the palm and the
three-dimensional position coordinate Ht at
the tip. Next, as shown in Fig.12 (b), at time
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set destination to the coordinates on the actual
farm. Then, we send the converted coordinates
to the farm side robot.
3 EVALUATION EXPERIMENT
3.1 Overview of Experiments

Figure. 11. The coordinates of the tip of the thumb and
the tip of the forefinger

t, a three-dimensional vector α′ is calculated
from the three-dimensional position coordinate
Hc′ at the center of the palm and the threedimensional position coordinate Ht′ at the tip.
Finally, the three-dimensional vectors α and
α′ are mapped to the two-dimensional vectors
A and A′ , and the rotation angle θ of the hand
is calculated using the equation (1).

θ = cos−1

A • A′
|A| • |A′ |

(1)

We conducted an experiment to compare the
conventional interface with the newly proposed
interface. First of all, ten subjects use a conventional interface and a newly proposed interface. After that, they evaluated following 4
items with 5-grade scores.
Q1. Was Interface always recognized the
user’s hand correctly?
Q2. Have you been able to grasp the AR object
naturally?
Q3. Have you been able to place the grabbed
AR object in an arbitrary place?
Q4. Have you been able to rotation operation?
Evaluation values are from 1 to 5 (1: Strongly
disagree, 2: Disagree , 3: Neutral ,
4:
Agree , 5:
Strongly agree ).
3.2 Results
The experimental results are shown in Table 1.
This result shows average scores and standard
deviations. The average value of the proposed
interface is higher in all items than the conventional interface. Also, all standard deviations
are smaller than 1.0.

Table. 1. Experimental results

Figure. 12. Calculation of hand rotation angle

Average score
Standard deviation
No. Conventional Proposed Conventional Proposed
Q1
3.80
4.50
0.40
0.50
Q2
3.90
4.40
0.54
0.49
Q3
3.70
4.50
0.46
0.50
Q4
1.50
4.30
0.50
0.64

2.3.7 Sending a robot move destination

3.3 Discussion

Set the marker coordinates after the move operation as the destination. Next, we convert the

Experimental results show that this interface is
superior to conventional interface in all items.
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Also, in the item of Q4, the average score of
the conventional interface is considerably low,
1.5. In this regard, Kinect, which was used
in the conventional interface, seems to have
failed to stably obtain the joint information of
the user’s hand during the rotation operation.
On the other hand, since the average score of
the proposed interface is 4.0 or more, it can be
seen that the rotation operation is possible. In
Q1 and Q2, the reason that the score is lower
than the other two items is that the position of
the hand tends to depart from the sensor when
performing these operations, so it is conceivable that the accuracy of the sensor tends to
decrease.
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4 CONCLUSION
The purpose of this research is improvement
of user interface in hydroponic management
managing system. This interface uses a head
mounted display equipped with a sensor and
a camera. By using this we can operate the
interface displayed in front of us. For operation of the interface, it uses the motion sensor
mounted on head mount display. As a result
of the evaluation experiment, the performance
of the proposed interface was improved compared to the previous interface, and it turns out
that it was possible to perform even the rotation
operation.
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