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Detection of Cabbage Head using Deep Learning

Masahiro TSUKANO#* + Michio KAKIZAKI** « Misaki Ueno** « Masanori SAITO*** « Jun-ichi TAKEDA** -
Shoji KOIDE** « Hiroshi SHONO** - Takahiro ORIKASA**

Abstract

We created a system that detects the head portion of cabbage from images taken by a drone using Al, and evaluated its performance.

The results obtained are ortho-mosaic images need to be shot several times at different altitudes, but they are very useful for high-

resolution image processing and it has been clarified that the object detection system using deep learning can create a highly accurate

detection model from several hundred images.

[Keywords] cabbage, head, drone, deep learning, object detection
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Evaluating the Performance of Artificial Intelligence for Sorting Green Soybean
Tomohiro MORI* « Mitsuhiko KATAHIRA**

Abstract

Almost all farmers who cultivate green soybeans do sorting manually, with a work efficiency of 12kg/h. They desire a sorting machine for

green soybeans. In recent years, the performance of Al (artificial intelligence) has been improving because of deep learning. If we can use

the AI for sorting by deep learning and mount on sorting machine, it would be possible to develop a high performance sorting machine. In

this study, we made an Al to detect the green soybeans’ position and judge its quality, and discuss how to make a high-performance AL

Results indicated that it is necessary to prepare both non-defective product and defective product image data when we make Al for sorting.

It was found that when many quality characteristics were set and images of two or more varieties were mixed in the dataset, the performance

of Al was low. Adding that, it is necessary to add the “Good” image data in the dataset when we have made the Al for sorting.

[Keywords] AL deep learning, YOLOV3, sorting, labor saving
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UAV (M AfZetg) 2FIH L-RBIEMOLETZE (F4#)
MR« TS - FHEbOZ™ - IMREE™ ™

Growth Monitoring of Crops Using Unmanned Aerial Vehicle (part 4)
Dai TANABE® * Shigeru ICHIURA" + Ayumi NAKATSUBO™ + Takashi KOBAYASHI™ + Mitsuhiko KATAHIRA™

Abstract

At present, the number of farmers is decreasing in Japan, and precision farming is attention. Appeared UAV as a new information

collection platform in precision agriculture, it has been actively studied. However, there is no case where UAV remote sensing technology

is applied to yield prediction of field crops. In this study, we investigated the yield prediction using aerial images and ground truth data by

sensing potato fields using UAV. In the aerial image, the difference in canopy was confirmed, but no difference was found in the NDVI

value. From the results of the growth survey, plant height and the number of branches were affected by fertilization. The yield (kg / 10a)

tended to be proportional to the amount of fertilizer applied, but there was no difference in the number of tubers. The yield could be

predicted with high accuracy by multiple regression analysis based on NDVI value, plant height and the number of branches.

[Keyword] uav, ndvi, iot, potato, yield prediction
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Evaluating the Performance of Unmanned Crop Sensing Robot for Rice

Dhirendranath SINGH", Shigeru ICHIURA?, Mitsuhiko KATAHIRA?,

Abstract
Precision Agriculture has emerged as a new scientific field that seeks to drive agricultural productivity while minimizing its environmental
impacts. In rice cultivation, this has led to the adoption of technologies such as Unmanned aerial vehicles (UAV) for crop monitoring. While
this has increased precision from traditional satellite images, it still has the limitation of being restricted to capturing images of the crop canopy.
Unmanned Ground Vehicles (UGV) on the other hand has the potential to capture a wider range of data with pin point accuracy. This paper
reports on the work done thus far in evaluating the performance of a field robot developed by the World Wide Food Platform, Japan for rice
crop sensing. The study was conducted in 2 rice fields at the Yamagata University’s Farm in Takasaka, Tsurouka, Japan and a Farmers’ Field
in Mikawa, Yamagata, Japan. The fields were cultivated by transplanting and hill drop method at Takasaka, whereas Mikawa was seeded by
drill sowing. The robot is equipped with RTK GPS, a variety of sensors and cameras (Sony FDR-X3000) for image capture. Data was collected
manually and with robot at two week intervals after germination. QGIS 3.4 was used for visualization of data and an analysis of growth
parameters. Observations were made on the robots’ maneuverability in the various field conditions. It was found that the robot was able to
maneuver in different field conditions without major issue, reversing into new rows proved to be more efficient than making a 360 degree turn,
this resulted in minimal damage to young seedlings however, the weight distribution will have to be considered to obtain optimum performance
in deep fields. Data collected from the array of sensors and cameras provides location specific information throughout the field that can guide

farmers in precision management.

Keywords: crop sensing, unmanned ground vehicle (ugv), precision agriculture, rice

1. Introduction

Agriculture plays a critical role in feeding the 7.6 billion people in
the world. With the available labour for agriculture declining as
demand for food increases, farmers and researchers are exploring
the application of technologies that will allow for more land to be
cultivated with a reduced labour force while at the same time
maintaining productivity. In rice cultivation, this has led to the
adoption of technologies such as Unmanned aerial vehicles (UAV)
for crop monitoring. While this has increased precision from
traditional satellite images, it still has the limitation of being
restricted to capturing images of the crop canopy. Unmanned
Ground Vehicles (UGV) on the other hand has the potential to
capture a wider range of data with pin point accuracy. Work on
unmanned vehicles with respect to rice has mainly been focused
on adapting conventional farm machinery to execute task without
human intervention. Commercially available tractors can be
modified into autonomous vehicles by adding the electronics and
communication devices necessary for autonomous operation in
agricultural fields (Aravind et al. 2017). TAKAI et al. (2010)
modified a crawler-type tractor and evaluated its accuracy for
autonomous navigation using RTK-GPS and IMU navigation
sensors while Tamaki et al. (2013) explored a robot system for
tillage, transplanting and harvesting rice by adapting conventional
machinery. They showed it was possible for one operator to
operate more than one machine thereby reducing the time and
labour necessary for a specific task. Because of their size and
potential injury to crop, the adapted farm machinery is not suitable
for crop sensing, as a result, this aspect of crop production is being
done by UAVs, stationary infield sensors and human labour.
Compared to UAVs and stationary sensors, a ground robot
designed to traverse the rice field with minimal damage to crop
can get more detailed crop sensing information with greater
accuracy. In this study, we have evaluated the performance of a
field robot developed by the World Wide Food Platform, Japan for
rice crop sensing.

2. Materials and methods

(1) Location

The study is being conducted in two experiment plots for rice at
the Yamagata University’s Farm in Takasaka, Tsuruoka,
Japan and one farmer field in Mikawa, Yamagata, Japan. The
cultivation system in the fields were transplanting and hilldrop
at Takasaka while drill seeding was done at Mikawa.
Field dimensions are 30m x 8m for the transplant and hill
drop fields while the drill seeding and broadcast fields was 100m
x 30m.

(2) Equipment

1) Field Robot outline

The field robot used in this study was developed by the World
Wide Food Platform, Japan which is a consortium of Tech
companies, Universities and Farmers’ Organizations. It is 140 cm
in length, 120cm width and 145 cm height. Approximate weight
is 180 kg. It has two 12 volt batteries that supply power to 4
brushless electric motors (200W, 3000r/min Orientalmotor,
Model BLVM620KM-GFS, Japan) which rotate each the four
wheels. The wheel diameter is 65cm and is of similar type used on
rice transplanting machines. The robot uses Ardupilot pixhawk
2 drive controller while the operation of the robot is by
remote control.

2) Sensor Box

A sensor box containing sensors for Temperature and Humidity
(SHT31 module), sunshine (Sanko PV Array Pryanometer PVSS-
01), Airspeed (Powerday Airspeed sensor), water temperature
(Thermistor 103AT-11), water level (Distance sensor MB1242) is
mounted unto the robot with RTK GPS attached. Data recorded by
sensorbox is stored on micro SD card.

2Department of Agricultural and Environmental Engineering, Biotic Environmental Science, The United Graduate School of Agriculture

Sciences, Iwate University (UGAS)

’Department of Food, Life and Environment, Faculty of Agriculture, Yamagata University, 1-23, Wakabamachi, Tsuruoka, Yamagata, 998-

8555, Japan.



SRR T AU S He66 5 (2019)

18
Y, e Y !
Fig. 1 Front view of crop sensing robot
Table 1 Specification of Field Robot
Ttem Specification
Length (cm) 140
Dimensions Width (cm) 120
Height (cm) 145
Ground clearance (cm) 135
Weight kg 180
Brushless
Type Electric
Motors BLVM 620KM -
Model GFS
output 3000r/min
Power Source Battery 12 volt x2
Rubber (
Type transplanter )
Wheel Diameter 65 cm
Number 4
Speed M ax meters/sec 0.86
Ardupilot
Drive Controller Pixhawk 2
Here + RTK
GPS GPS
Camera 2 Sony Action Cam FDR-X3000
Remote
Operation Control
3) RTK GPS

Here+ RTK GPS rover and base station was used with Mission
Planner for GPS logging. Base station data was recorded for 5
days to obtain an accuracy of Scm for each plot.

4) Camera

Two Sony FDR-X3000 action cameras were used for image
capture. Images were captured in HD (1920 x 1080 pixels).
Three orientations were explored for mounting cameras on the
robot with the aim of acquiring suitable images. In the first
instance (Fig.2a) the camera was mounted directly on the
robot facing downward at an approximate angle of 45 degrees.
In the second orientation (Fig.2b), camera mounts were used
to extend the cameras 25cm from the robot with an
approximate angle of 45 degrees, while the third orientation
(Fig.2c) consisted extending the cameras 90 cm from the robot
at an angle of 90 degrees. The images were captured from a
height of 110 cm with the distance between the two cameras
100 cm. Considerations for suitable images were those that
were clear, presented a full picture of the plants without any
obstruction or unnecessary scenery that would necessitate
further processing or transformation before image

analysis can be executed. As such, the camera orientation was
adjusted as described above until the desired results were achieved.

L) ]

Fig. 2. Camera orientation on Robot
(3) Data collection
1)Data Collection with Robot

Data collection with the robot commenced at the end of May 2019
when plants were at the 5 leaf stage. In addition to image and
sensing data, observations were made on robot maneuverability in
rice fields, damage to plants, operation time and speed. Figure 3
shows the base station set up for data collection. The RTK antenna
was placed at location for which base station data was previously
acquired. It is connected to the RTK base station which is
connected to the Note PC via USB. The link between the PC and
robot is made via a UDP WiFi connection with pixhawk in the
sensor box through the Mission Planner Software.

RTK Antenna

| WiFi Router

RTK BasaStation ]

\

/

Iobile Battery

Fig. 3 Base Station set up during data Collection

2) Manual Data collection

Growth data was collected manually either directly after data
collection with robot or within 48 hours depending on weather
conditions. Three test plots were randomly selected in each field
and demarcated. SPAD, plant height, number of tillers, and leaf
number surveyed at two week intervals after germination. SPAD
values were measured using SPAD-502 Plus (Konica Minolta,
Japan).

3)Data Processing

Data recorded by sensor box were converted from .bin to .log files
in using Mission Planner (Version 1.3 by Michael Osborne). A
user defined Python (3.6) script was then use to parse data from
the .log files and write to .csv file. The .csv file was then imported
into QGIS (version 3.4 LTR) and vector layers created for areas
of interest; Altitude, Temperature, Humidity, Air Speed, Sunshine.
Images captured were imported into QGIS via the Import Photos
plugin to provide an image for each point captured.
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2. Results and discussion

(1) Robot
1)Maneuverability in Rice Fields

Observations were made on the robot’s ability to maneuver in the
rice fields. The robot covers four rows in one pass with wheels
travelling between rows. It is able to effect turns by stopping
motors on one side while the other side continues to move (like
pivot system). The smallest turning diameter on dry surface was
160 cm, however in effecting this turn there is sliding /dragging of
the unmoving wheels of approximately 30 cm. Attempting such
turn in flooded field conditions resulted in longer sliding distance
and dislodged or damaged seedlings. In some cases, the wheel also
locked and a reboot was required to free the wheels.

Executing a gentler turn requires a turning diameter of
approximately 250 cm. In this turn all wheels move turning
slightly until the turn is complete. This method reduces the
sliding/dragging of wheel and results in very few damaged or
dislodge seedlings. Executing turns in this manner however
requires more space and also will leave gaps in the field at turning
points with respect to data collection (Fig. 4 a) before the robot
can enter the set of rows.

| Area missed due 1o lurning diameier

|, Traveling diection
|, ", Robot dwecton Ruce plants ows |

Robat | Robar | Roe plants raws

(a) (b)

(c} )

Fig. 4 Turning methods (a,b) and actual path
travel led by robot using each method (c, d)

The best turning method devised thus far involves utilizing the
robot’s ability to reverse freely. In this method, instead of turning
360 degrees, just prior to reaching the end of the row, the robot
makes a slight turn to exit the row and then reverse into the new
set of rows (Fig.4b), only when it reaches the end of those rows, it
turns slightly to enter the new set of rows by going forward.
Operation using this ‘switchback’ method reduces the amount of
degree the robot has to turn resulting in minimal damage or
dislodgement of seedlings. It also makes it easy to enter the next
set or rows without missing any data. Figure 4(c, d) shows the
actual path travelled by the robot using the two methods.

2) Speed

Speed of robot was recorded by drive controller in meters per
second (m/s) which ranged from 0.1 m/s at its lowest speed to
0.86 m/s with 0.3-0.4 m/s being the most common /steady speed.

Time require to survey 0.3 ha (30m x100m) field ranges between
2.5-3 hours depending on the amount of overlap (rows) is required.
Table 2 shows the average speed in each field.

Table 2 Operation Speed of Robot
Average Max

Field ﬁ:gig(gi Location Speed Speed
(m/s) (m/s)
Transplant ~ Takasaka 0.31 0.56
Hill Drop Takasaka 0.32 0.57
3 Drill Mikawa 0.41 8.6

3) Field Condition

The robot was able to traverse various rice fields in flooded
condition without any major issue. It was able to traverse in a field
where the mud was approximately 35cm in depth, however very
wide turns had to be taken in this situation. Attempts to make small
or sharp turns resulted in churning of mud and locking of wheels.
One area that might require further consideration is the weight
distribution as there is a tendency to tilt forward or backward
especially in deep fields when torque is applied. In fields in which
the water was drained and the mud had stiffened to some extent, it
was observed that the robot tilted heavily rearward while the
front wheels tend to lift off the ground as torque was applied
with threating to tilt over. This situation arose due to the lack
of water which cause the mud loosened by the front wheels to
stick to the back wheel adding more weight and friction with
the soil thus requiring more torque for it to move. The front
wheels are not affected by such impediments, as such, when the
power is applied it surges forward while the rear is being held
back resulting the front wheels going aerial. It is believed that
this situation may be remedied by extending the wheel based of
the robot and adding scrapers to the wheels to remove excess
mud that may become stuck on it while operating in drier fields.

(2) Gamera Orientation

Three different camera orientations and mounting method were
explored with the aim of obtaining unobscured images of the
plant. The first camera orientation captures the surrounding
scenery in the image in addition to the plants, this is reduced to
some extent in images captured in camera orientation two
however the angle obscures details in parts of the image.
Adjusting these mounting methods to orient the camera at 90
degrees results in images that include the wheel and parts of the
robot. Camera orientation three that extends from the robot and
captures the images from directly above appears to be the most
suitable for image capture as no unnecessary information is
contained in the images and details are not obscured in any part
of the image.

(3) Data

The data collected by the robot gives information of the field
environment and captures images. Data collected for field
environment includes temperature, humidity, sunshine and
airspeed. While these conditions may vary depending on climatic
conditions, time of day data is collected as well as over the total
time taken to collect the data, as more data is collected patterns
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may emerge that point to specific location based issues in the
field irrespective of the factors mentioned above. In Figure 5
data collected by the robot on the 2™ of July 2019 is shown as
QGIS layer for temperature for the Mikawa field. The
temperature layer (Fig.5) shows how temperature varies across
the field with the highest temperature being observed around
the center and reduces as it gets to the lower end. While this may
be due to the time data collection started and conditions
changing in the duration it take for the robot to reach the lower
end of the field. If a similar pattern persist as more data is
collected at different time and prevailing weather conditions, it
gives some insight as to what is happening in the field with
respect to temperature. Optimal Temperature for rice growth is
considered to be 22-28°C, as such any increase in mean
temperature or episodes of high temperature during
sensitive stages of the crop may adversely affect the growth and
yield of the crop (Krishnan, Ramakrishnan, Reddy, & Reddy,
2011).

207109 - 233240

v ZR3240- 097

v Z39371.29.5502
oo elat

Fig. 5 Temperature, Data collected by Robot in
Mikawa field, 2019/07/02

The mean relative humidity during rice cultivation is generally
negatively associated with solar radiation. Krishnan et al., (2011)
discusses works by Morokuma and Yasuda,( 2004), Nishiyama
and Satake ( 1981) and Matsui et al., (1997) that reports on
increases in spikelet sterility with increases humidity at high air
temperatures. They further suggest that the effects of temperature
on rice may be intermingled with those of relative humidity and
solar radiation. Given the various effects these environmental
factors may have on the crop, being able to monitor their
distribution over the field may provide insights on how to better
manage the field. The altitude recorded by pixhawk indicates the
robot’s altitude in meters (m) from sea level. From the plot of this
layer in QGIS, it is possible to infer field level condition, and
identify areas that may be too high or low.

(5) Image Data

Two Sony FDR-X3000 action cameras were used for image
capture. Time lapse images at one image per second were
captured in HD (1920 x 1080 pixels). The images were geotagged
and imported into QGIS to provide an image for each point in the
field. These images provide a clear picture at each point of the
field with a level of detail not possible with UAVs without the use
of expensive high specification cameras. From the images it was
possible to identify the presence of weeds in the field as seen in
Figure 5 which shows a sample image captured by the cameras.
Future work will involve building deep learning Al to detect

weeds, insect pests and disease in the field and generate location
map for precision management. Attempts will also be made to
extract growth data from images by analysis plant canopy for
height, tiller and greenness.

Fig. 6 Sample Image from Mikawa Field on 2" July, 2019

4. Gonclusion

The paper reports on the initial results obtained while evaluating
the performance of crop sensing robot for rice. It was found that
the robot was able to maneuver in different field conditions
without major issues and utilizing the reverse function instead of
turning full circle appears to be the most efficient method for
turning while causing minimal damage to young seedlings. The
weight distribution will have to be considered to obtain optimum
performance in deep fields. Data collected from the array of
sensors and cameras provides location specific information
throughout the field and can be used to guide farmers in precision
management. Given that this is the first season of testing, various
applications and analysis will be explored with the data gathered
to allow for refining and optimizing of the methodologies for next
season.
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Fertilizer applicator for topdressing of paddy rice using side dressing rice transplanter

Hiroyuki SEKTY A*+ Hidehumi SAITO** - Hideya KIMURA**

Abstract

In this study, a fertilizer applicator for paddy rice topdressing using a side dressing rice transplanter was made for the purpose of precise topdressing and light

labor in a large-size paddy field. The fertilizer applicator consisted of a fertilizer application unit, an aluminum frame, a fertilizer transfer hose and a 25 mm

diameter aluminum pipe. The fertilizer applicator was able to widely spread granular fertilizer using the wind power of the blower of the side dressing fertilizer

unit. The fertilizer applicator using the 6-row type side dressing rice transplanter secured about 10m of fertilizer application width. The work efficiency of this

fertilizer applicator in the large plot dry rice field test was 33-38 min / ha.

[Keywords] paddy rice, topdressing, fertilizer applicator, side dressing rice transplanter
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Study and Evaluate the Efficacy of Mechanical Transplanting on Rice
Production

Asnakew Deres Molla* * Mitsuhiko KATAHIRA**,

Abstract
Rice is cultivated either mechanical transplanting or direct seeding methods in the world. It is the main staple food in Japan, and production

is highly mechanized. Our investigation focused on evaluating the efficiency of mechanical transplanting, as well as survey the plant growth,
yield, and yield components. The study was conducted from May to October 2018 in Yamagata University Faculty of Agriculture at
Takasaka farm in two paddy fields. Kubota (NSU-87) transplanter with Heanuki rice seedlings was used. We evaluated the performance of
the transplanter by the rate of Effective field capacity (hah-!) to Theoretical field capacity (hah-!), and observed its planting depth(mm),
seedlings (per hill and per m?), missing, buried and floating hills per m?. For investigating the plant growth, we randomly chose three test
plots consisting of 20 hills and analyzed the following parameters (plant height cm, tillers m2, SPAD value, and leaves number). Grain

yield (kg/ha) and yield components (panicles m, grains per panicle, percentage of filled grains, and 1,000 grains weight) as was also
measured. We found that the average field efficiency was 75 %, with an area of 0.024 ha, at the average operating speed of 1 km/h. The

average grain yield was 5.4-tons ha'!'. The field test result of fieldwork capacity and fieldwork accuracy of the Kubota type (NSU-87)

transplanter was satisfactory. And also it has a great contribution to rice production.

[Keywords] Fieldwork rate, Plant growth, Grain yield, and Yield components

1. Introduction

Rice is the main staple food for above half of the world’s
population. Asia is the leader in rice cultivation and accounts for
more than 90% of world rice production(FAO 2016). Generally,
rice is grown once a year and the cultivation period is from May
to October in Japan. Rice production is significant to the food
supply, with rice being the main staple part of the Japanese diet.
Rice cultivation is done by either mechanical transplanting or
direct seeding methods worldwide. In Japan during the 1960s and
1970s tractor, binder, seedling transplanter, and rice combine
harvester disseminating in the paddy fields that brought to an end
the last vestiges of traditional rice production ways. Further,
mechanization has reduced the labor requirements for the rice
crop as well as shortened the labor demand period(Oshiro 2006).
Mechanical transplanting rice is currently widely used in Japan
and Korea because of the ease of cultivation and increase yield
production(WEI et al. 2017). Planting is one of the agricultural
activities to putting seeds or young seedlings into the farmlands
or seedbeds. Planting systems are the most challenging process
during rice farming. Our investigation would be concerned to
study and evaluate the performance of mechanical transplanting
on rice cultivation, as well as plant growth, yield, and yield
components under two paddy fields that have different soil

structures.

2. Materials and methods

The study was undertaken in May to September 2018 Yamagata
University Agricultural field science center, at Takasaka farm,
Tsuruoka city. The study was done in two fields with equal areas
ie. 30m x8m(0.024ha) and both fields had been cultivating
different vegetables continuously three years.

The experimental field's history was, Field(1) had been
introducing open ditch and Field(2) (open ditch and sub under
drainage) for four years ago.

We used a Kubota type (model: NSU-87) self -propelled
mechanical rice transplanter and 33 days old Haenuki rice
seedlings. The experiment was performing on two paddy fields

within three replications. It was randomly chosen three test plots

within 20 hills samples in each experimental field.

-

Fig.1 Mechanical transplanter (8 rows) and Rice
seedl ings

Department of Food, Life and Environmental science, Faculty of Agriculture, Yamagata University, 1-3, Wakabamachi, Tsuruoka,

Yamagata,998-8555, Japan.
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(1) Investigation components
1) Fieldwork capacity

Effective field capacity, hah-1 =Total area covered(ha)/ Total
timetaken(h)

Theoretical field capacity, hah-1= Width(m)XSpeed(m/h)

Field efficiency, % =Effective field capacity(halh) /
Theoretical field capacity(ha/h) x 100

2) Plant growth

Plant height cm, tillers number per hill, SPAD value data collected
three times in every two weeks in order to investigate and analysis
of the plant growth status.

3) Yield

Grain yield, it was estimated the average grain yield kg/m? and
converted to kg/ha.

4) Yield components

It was counted the number of panicles per test sample, the number
of grains per panicle, and measured 1,000 grains weight.

And it also separated filled grains from unfilled grains by using
salt-water solution with Hydrometer at the specific gravity of

(1.06) and calculated the percentage of filled grains as follows,

number of filled grains x100%
total number of grains

Percentage of filled grains =

(2) Data analysis

The plant growth, grain yield, and yield components data were
recorded and analyzed ANOVA using Microsoft Excel, 2016(T.
Test) at %5 level and find out the LSD between the experiments.
3. Results and Discussion

(1) Fieldwork rate

1) Field capacity

Paddy transplanting was done using a Kubota type (NSU-87)
model of self-propelled eight-row paddy transplanter in the two
fields. It was calculated the field efficiency of the planter by using
the above formula. The field efficiency of the planter results
is shown in table 1. Therefore, the Effective field
capacity(EFC) of the transplanter was 0.20 ha/h and 0.15ha/h
in Field (1) and Field (2) respectively. The Field efficiency of
planter 84.6% and 64.2% at an average operating speed of 1.0
km/h in Field (1), and Field (2) respectively.

The difference of the Effective field capacity of the planter, it
might be the soil plasticity that became takes more time during

planting.

Table 1 Mechanical transplanting work conditions of
each test fields

Ttems Field(1)  Field(2)
Area (ha) 0.024 0.024
Planting width, b(m) 2.4 2.4
Total working time, Tw(h) 0.118 0.155
Average operating speed, v (m/h) 1000 1000
Field efficiency

C = Area /Tw (C = Field capacity, hah') 0.203 0.155

Ct=Dbxv (Ct=T. field capacity, ha h-1) 0.24 0.24
n= C/Ct x100% (n = Efficiency ) 84.7 64.5

2)Field accuracy

We observed the average number of planted seedlings per hill,
seedlings planted/m?, hill spacing, and depth of planting in
Field (1) and Field (2), as shown in table 2 . According to
our survey results, the average seedlings planting depth in
Field (1) was higher than the Field (2) experiment. The
difference in planting depth might be the soil cracking or soil

clod that affect planting depth.
Table 2 Mechanical transplanting work accuracy of

each test fields

Parameters Field(1) Field(2)
Hill to hill distance (cm) 15.8 15.5
Planting depth ( mm) 32.8 19.5
Sample plot area ( m?) 0.38 0.37
Paddy seedling planted per hill 4 5
Paddy hills planted/m2 111 113
Missing hills /m2 0 0
Floating hills /m2 0 0
Buried hills /m2 0 0
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(2) Plant growth

For examining the plant growth, we took three agronomic
parameters, plant height cm, Tillers number per hill, and
SPAD value. As shown in fig.2 the maximum number of tillers/

m?and SPAD value was recorded on 7/3/2018.

So, there were numerically difference according to the above
parameters in each stage between the two experimental fields but

not significant differences.

=&—Field-1 Field-2 —@—Field-1 Field-2
50 - 500 - 100 - ==@==Field-1 Field-2
45 1 450 A T
40 + 400 - 1 80 - [
T 351 350 - | |
Q «~
= 30 - L £ 300 a 60 1 J_
& 25 £ 250 - =z
220 - = 200 - “ 4049
g 154 + = 150 - )
& 10 A 100 - 20 -
5 4 50 A
0 T T 1 0 T T 1 0 T T 1
2018/6/5 2018/6/19 2018/7/3 2018/6/5 2018/6/19 2018/7/3 2018/6/5 2018/6/19 2018/7/3
Survey Date Survey Date Survey Date
Fig.2 Plant growth of rice cultivation on each survey days
(3) Yield
5700 -
1) Grain yield 5600
It refers to the weight of cleaned and dried grains, we measured g 5500 4
the weight of both field test samples of brown rice grain separately, %D 5400 4 {
checked the grain moisture content (using grain moisture tester) % 5300 -
and, adjusted grain weight at 15% moisture content. It was sorting > 5200 -
the grains by using a 1.9mm diameter of the sieve machine and 5100
finally weighted each sample separately. Field(1) Field(2)

Therefore, the average grain yield as shown in Fig.3 (5.4 and 5.5
ton/ha, Field(1) and Field(2) , respectively) , almost equal there

was no significant difference.

2) Yield components
1) Panicles number per unit area

It was counted the number of fully matured panicles at all
test samples. In the table 3 the average number of panicles/
m? in Field(2) was higher than Field(1) i.e.(445 and 374)
but not a significant difference.

2) Number of grains per panicle

The number of grains per panicle was counting from randomly
selected 5 hills in each test sample separately. In the table 3 the
average number of grains per panicle of each experiment

results are stated

Notice:(the bar is shown on the graph is a standard error)

Fig.3 Result of yield (kg/ha) on each test fields

3) Percentage of filled grains

It wasseparated filled grains(F) from unfilled grains(U) by using
the salt-water solution method at (specific gravity 1.06) to
estimate the percentage of filled grains. Both separated seed
counted by seed counter machine and the results are shown in

table 3, there was no significant difference between them.

4) Weight of 1000 brown rice grains (g)

We were counting 1,000 brown rice grain and weighted them all
test samples separately. However, there was no significant
difference between the two experiments.

Generally, the analysis result of all yield components of both
experiments, as shown in the table 3 , there was a numerical

difference, but not a statistically significant difference.
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Table 3 Result of Yield components

Yield components

Experiments (Fields) No Panicles (/m?) No Grains/panicle % Filled grains 1,000 Grains weight
Experiment-1 374 (30.02) 65 (1.87) 86.45 (0.02) 22.23(0.37)
Experiment-2 445 (62) 66 (6.73) 86.41 (0.02) 22.42 (0.003)
LSD 0.05 NS NS NS

(The value in the parentheses are standard deviation)

4. Conclusion

1) The field efficiency of the planter was (84.58%) in Field(1)

and 64.16%) in Field(2) with the area of 0.024 ha at the average
operating speed of 1 km/h. The variation of the field efficiency of
the planter might be the plasticity of the soil or soil clod.

2) The seedlings planting depth(mm) of the planter was
(32.8mm) in Field(1) and (19.5mm) in Field(2). Soil structure or
clod is one factor that influences the planting depth.

It might be more cracking or un pulverizing soil available in
Field(2) compare to Field(1).

3) There was not a significant difference in plant growth, grain
yield, and yield components in the two experiments.

The average grain yield was 5.4 tons/ha.

4) The Kubota (NSU-87) rice transplanter was an ease operation,

satisfactory fieldwork rate in the experimental fields.
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Detection of Species Composition in Mixed Legume-grass Pasture Field
Ayako Oide* * Katsuyuki Tanaka* * Hideo Minagawa*

Abstract

Legumes have nitrogen fixation ability due to symbiotic rhizobia. Therefore, it is important to understand the ratio of legume pasture in

order to reduce fertilizer application and to improve the pasture quality through labor-saving pasture production. In order to increase the

yield and quality of pasture, it is necessary to control the weeds in addition to the fertilization according to the ratio of legume pasture. In

recent years, attention has been focused on the methods of identifying grass species by using UAVs and application of machine learning of

aerial images. In general, the accuracy of image analysis by machine learning depends on the quality and amount of training dataset.

However, since aerial image pixels are recorded as a mixture of multiple grass species in mixed legume-grass pasture field, it is necessary

to select the pure pixels for the training data for each species. In this study, we summarized the basic problems for the application of machine

learning for detecting species composition in mixed legume-grass pasture from the technical and practical viewpoints.

[Keywords] machine-learning, UAV, labor-saving pasture production, weed control, ratio of legume pasture
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Exploring the Robot for Safflower Production Management (Part 1)

Shigeru ICHIURA™ + Ayumi SAGARA™ + Kazuki KUWAHARA™ « Tomohiro MORI"

- Mitsuhiko KATAHIRA™ - Hideyuki YOSHIHIRO™ + Kazuya SATO™ + Ryoji ONODERA™

Abstract
Safflower is a crop cultivated in the Middle East and is an annual plant of the Asteraceae family with a height of 0.5 to 1.0

m and a radius of 2.5 to 4.0 cm in early summer. Safflower is used for high quality foods and high-quality cosmetics,

but harvesting is worked by hand, therefore the work efficiency is very low. In this study, we developed a cultivation

management robot to increase the efficiency of the process from cultivation to harvest, aiming at revitalizing the production

of safflower, a local specialty agricultural product. Utilization of buds and flowers utilized, moving the robot arm to the

detected flower, harvester operation attached to the bottom of the robot arm, suction and storage operation of petals cut by

the harvester.

[Key Word] Safflower, Harvesting, RTK-GPS, robot arm, artificial intelligence, Deep Learning, mobile robot,
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