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Abstract -2 Determining leaf color level of paddy
plants is apractical way to decide fertilizing dosage.
Currently color level is measured by using a leaf
color chartAiming at applying appropriate fertilizing
dosage u any specific locations in the field, the
color levelg of paddy plants across the field needs to
be measurédl. A charge couple device (CCD) camera
based sensor was developed in this research to
determine :ﬂ1e leaf color levels of paddy plants by
referring t@the 4 levels IRRI leaf color chart (LCC).
The sensords driven by a laptop computer mounted on
a single véheeled chart, pulled manually across the
paddy fietd. During the traffic, the camera
periodicallg captures each 115 cm x 98 c¢cm field area
from 140 @m above the ground, saved into a VGA
sized JPG image. Another computer program then
recognizes the color levels of all captured images, and
then finally plots them in a spatial map. The accuracy
of the recognition were 33.4% for color level 2, 100%
for color level 3, and 67% for color level 4. Some
obstacles were still found, such as the wheel slip
during the traffic, the varying light intensity during
the day, and the vibration during the traffic which
reduce the sharpness of the images.

INTRODUCTION

Aligngtf'with the goal of precision farming, that is
to apply proper amount of fertilizer into the field,
Indonesiap= government is currently promoting the
efficient of inorganic fertilizer. The reason is that

is going scarcity. Two approaches have been
proposed:>%) encouraging farmers to apply the proper
amount norganic fertilizer and 2) substituting a
part of rganic fertilizer with organic fertilizer
which ca produced by the farmers.

For efgient use of inorganic fertilizer, Indonesian
Ministry efsAgriculture has introduced the use of leaf
color cha®) (LCC) to determine the color level of
paddy leaves as a reference for proper fertilizing

the rawO%;rial for producing the inorganic fertilizer

AlIsianiun

Digital Camera Based Color Sensor for Determining Leaf
Color Level of Paddy Plants

. Astika', M. Solahudin’, R. P. Setiawan', M. F. Syuaib’, I. E. Nugroho®, M. Ardiyansah?

of Mechanical and Biosystem Engineering, Faculty of Agricultural Engineering and Technology,
Bagor Agriculture University, Fateta Building, IPB Darmaga Campus, Bogor 16000, Indonesia
Depagtment of Soil Science and Land Resources, Faculty of Agriculture, Bogor Agriculture University
> Faperta Building, IPB Darmaga Campus, Bogor 16000, Indonesia

dosage. This method has been applied and tested to be
a useful and practical method by [1] and [2].

The LCC is printed on a plastic plate having 4 or 6
color levels. The most popular one is the 4 levels —
IRRI (International Rice Research Institute) LCC
(Fig. 1). The color level of a paddy leaf is determined
by comparing its color with the colors in the LCC,
and the most similar color becomes the color level of
the leaf. The proper fertilizing dosage is determined
by reading the receipt table on the reverse side of the
LCC plate.

= © ) € )

™

iR SEF CAISFGRErE
P T R P L S LR

Fig. 1. The IRRI 4-level leaf color chart

Aiming at applying the proper fertilizing dosage at
every specific location in the field, the color level of
paddy plants across the field should be measured.
Manual measurement would be a very exhausting
work, so that an automatic measurement is required.
A measurement and mapping method using a proper
sensor as proposed by [3] is required to do the
measurement and mapping easier. This research
aimed at developing a color sensor for measuring the
color level of paddy plants across the field. The color
sensor is operated by carrying the sensor across the
field on a manually pulled cart.

DEVELOPMENT OF THE COLOR SENSOR

The color sensor consists two main components:
the sensor and the cart carrying the sensor. The sensor
consists of a CCD camera, a laptop computer, a
magnetic trigger, and a standard LCC; while the cart
consists of a 57 cm diameter bicycle wheel with a flat
metal tire, a pulling handle, and the frame to carry the
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CCD camera, the laptop computer, and the LCC. The
magnetic trigger has 8 magnets separated 45° along
the wheel, so that it will trigger the camera at every
T22.4 cm traveling distance. Each magnet can be set
Qactive or inactive in order to adjust the proper
otriggering period. The physical design of the sensor is

Tshown in Fig. 2.

1. Flatmetal tyre 4 Mamnettrigget
2. Pulling handle 3. CCD camera
3. Laptop computer 6. Leaf color chart

gg. 2. The physical design of the color sensor

The wmel as well as the LCC are placed at the
center of th body travelling between the plant rows.
The heightof the CCD camera is set at 140 cm above
the ground in order to have a wide snapshoot and not
to interfere the paddy plants. With the setting, the size
of the snapshoot area is 115 x 98 cm, and in
accordance, only two magnetic triggers were
activated.

At every snapshoot, the paddy plants, as well as
the standard LCC, are captured by the camera. The
captured image is saved in a VGA size (640x480)
image file. A computer program is then compares the
color of paddy leaves with the 4 color levels in the

LCC im by calculating the Eucledian distances
upon RGBZeolor components. The closest color level
becomes color level of the paddy leaves for that
image. F an image file an average of color level is
produced =representing the color level of the

corresponding grid in the field. The color levels of all
grids areAfien arranged composing a spatial color
level map< The map indicates the varying plant
fertility . accordingly, indicates the needs of
fertilizingidbsage.

" PERFORMANCE OF THE SENSOR

n

—

The sdior was tested on several field blocks. It is
pushed orpulled between rows of paddy plants (Fig.
3). Later [t_was found that pulling the cart is easier

ISTESSEEYN[E

than pushing it although the operator should
sometimes turn his face back in order to have the
proper traveling path.

Sun light intensity was found to affect the
brightness of the image. The variation of light
intensity was observed in three time point as shown
Table 1. Upon the measurement time in the field,
three levels of thresholding levels were applied in the
image processing. This is an unavoidable fact that the
brightness of the image is set automatically by the
CCD camera.

Fig. 3. The sensor operated in the field

Table 1. Variation of field light intensity

Light Intensity (lux)

Trial

Morning Noon Afternoon
(08.00 AM) (12.00 AM) (15.00 PM)
76 855 133
59 913 142
3 83 976 121

An image covers four rows of plants with an
average of 20 plant clumps as shown in Fig. 4. The
computer program thresholds the pixels in the image
with a certain preset R, G, B constants which were
found by trial and errors. As mentioned above, there
were 3 sets of thresholding constants applied in the
program depending on the field measurement time:
morning, noon, and afternoon. The thresholding
process separates the object pixels (leaf pixels), the
LCC npixels, and other pixels (land surface, LCC
frame, and plant shadow).

The location of LCC colors pixels, as the standard
colors, are still pointed manually with mouse pointer.
Each leaf pixel is then compared with the four colors
in the LCC, and after all pixels are compared, the
most similar color in the LCC becomes the leaf color
level of the corresponding captured grid area. The leaf
color levels of all grids are then plotted in a spatial
map as shown in Fig. 5.
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Fig. 4. Computer program display

Rowl Row2 Row3 Row4 Row5 Rowb6

Fig. 5. Leaf color level variability map

The sensor still has some limitations. As shown in
Fig. 5, the number of captured images along the six
rows are not the same. The main problem is that the
wheel sometimes doesn’t rotate properly as it is pulled
in the mud, so that the camera is not triggered by the
magnet at the proper traveling distance. It seems that
the flat metal tire needs to be modified with some
rakes on its surface.

As for the accuracy, the accuracy of the sensor is
still low, especially for the the color level 2 (Table 2).
The accuracy was determined by comparing the
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results of sensor measurement with those of manual
measurement. The inconsistency of the camera in
capturing the colors of leaves and the colors in the
TLCC seems to be the main factor affecting the
Qaccuracy. In different capturing angle (as it is difficult
oto keep the camera position during the traffic), the
Tsame colors can be projected as different colors by the
9camera. Color level 2, which is the most brightest
=color, seems to be affected the most. The second

afactor is the vibration. As the CCD camera
Sautomatically sets the shutter speed and the
Q - . -

=diaphrag e shutter speed is sometimes set to low
‘:,:under da ene, so that blurred picture is produced

Sby the mowing camera. This also reduces the accuracy
@during the Eolor detection.

[
= 0
3_ -5 Tabel 2. Accuracy of the color sensor
9 &
Q E] Prediction Results
Standar = Num:)e Accurac
dcolor ™ '9 Leve Leve Leve y
~ = sample
Levels* g 12 13 14 (%)
w
2 § 33 13 20 0 39
3 = 100 36 62 2 62
[
4 C 3 0 1 2 66
~*
bl Average 56
*No colﬁlevel 5 was found in the field
Apart Sfrom determining leaf color levels,

determining’ the area of plant leaves is also an
importantgdicator in evaluating the growth of plants.
The area @ plant shoots were also calculated in this
research b§g calculating the number of leaf pixels, and
then divided by the number of plant clumps in the
image frame. Table 3 shows an example of field
measurement results. Similar to the problem faced in
color level measurement, some blank area were also
found due to hardly rotating wheel problem.

Tabel 3. Variability of leaf area
Average leaf area (cm®/clump)

Image Row Row Row Row Row Row

i 2 3 4 5 6
1 75 64 84 72 83 14
2 79 78 50 66 65 82
3 7 68 51 71 68 90
4 gz 76 51 77 67 8
5 2 67 59 76 75 95
6 S e 61 2 82 79
7 G 711 e 77 79 88
8 62 51 70 8 8
9 Jm 68 52 65 8 80
10 (Cy4 68 49 69 64 8l
11 —$7 69 53 61 63 83
12 as' 65 59 67 80 87
13 9 49 4 63 75 78
14 > 74 55 68 84 88
15 80 63 59 73 67
i 60 60 55 71 85
17 65 55 58 80 70
18 70 6 58 77 11
19 65 53 65 72 90
20 70 57 48 74 83

Ausionup e

21 46 65 45 69 69 76
22 53 - - 56 8 80
23 - - - 52 8 90
24 - - - - - 70

CONCLUSIONS AND SUGGESTIONS

The color sensor developed in this research mainly
consists of a CCD camera, a magnet to trigger the
camera, a laptop computer to save and process the
image, a leaf color chart as the color reference, and a
cart to manually transport the sensor across the field.
The sensor has been able to determine the color level
of paddy plants with the accuracy 39% for color level
2, 62% for color level 3, and 66% for color level 4.
The low accuracy is mainly caused by inconsistency
of the camera in capturing the colors and the vibration
during the transport. The wheel design also rises a
problem as it sometimes doesn’t rotate in the mud so
that the magnet doesn’t trigger the camera.
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