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Abstract

The orchids disease monitoring system with crop image processing technique developed could measure
and evaluate the plant disease infestation in order to prevent a decrease in yield as well. Image data were
processed by a program coding in MATLAB program. The chemical injection systems were controlled related to
the density of the plant disease detected. The acquired low altitude remote sensing images were positioned and
processed to estimate vegetative-indices with MATLAB program (Red=650 nm and NIR=800 nm band center) and

thereby detecting diseases in orchids plants. Then good correlations and clear cluster range were obtained in

characteristic plots of NDVI and GNDVI against chlorophyll content, the chlorophyll content values (ptmol m?)
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according to statistical analysis showed significant differences among clusters for healthy orchids (R*=0.985-0.992),

for infested orchid (R?=0.984-0.998), respectively. The camera Web CAM model which is lower price, the accuracy

in image processing, take the best at an altitude of 1.2 meters, and Digital camera which is medium price, take

the best at an altitude of 1-1.2 meters. The NIR camera which is higher price, take the best at an altitude of 1.6

meters or more. The image processing software based on LARS images created provided satisfactory results

comparing with a manual measurement.

Keywords: The orchids disease monitoring system, vegetation index, digital image processing, web CAM, digital

camera, NIR camera
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Figure 2 Specifications of the sensors. (a) Image data
acquisition system with Web CAM, Digital and NIR

cameras; (b) A double row bar with carrier control; (c)
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A direct chemical injection; (d) Gear motor; (e) Adapter

220 VAC to 24 VDC 5A.

W/

Figure 3 Variable rate chemical injection systems. (a)
Water pump; (b) Solenoid valve; (c) Microcontroller

Board; (d) 8 Relay Module; (e) Nozzle.
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Figure 4 Variable rate spraying system with an automatic

direct chemical injection.
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Figure 7 Experimental set up and field preparation, (a)
Greenhouse; (b) Orchids plant material; (c) Minolta SPAD
502 Meter, (d) Illumination level set up; (e) SKR 1800

illumination sensor measured.
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Figure 8 Image processing calibration from Web CAM,
(@) Yellow density 10%
difference height; (b) Brown density 10% image

image segmented with

segmented with difference height.
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(Brown density
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Figure 9 Image processing calibration from Digital

(1.6 m)

camera, (a) Yellow density 10% image segmented with
(b) Brown density 10%

segmented with difference height.
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density 10%)
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density 10%)

Figure 10 Image processing calibration from NIR
camera, (a) Yellow density 10% image segmented with
difference height; (b)

segmented with difference height.

Brown density 10% image
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Figure 11 Summary of illumination level (SKR 1800)

with day progress (hrs.) results.

Table 1 Correlation between the difference of image
data acquisition and height levels (m) with yellow
sample density 5%.

Type of
image Altitude levels (m)
acquisition
system 1 1.2 1.4 1.6
1.Manual 5 5 5 5
observation
2.Web CAM  2.835%  4.490™ 4.093° 4.253°
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Type of

image Altitude levels (m)
acquisition

3. Digital

8 5080 50239 4.698> 5715¢
camera
4.NIR camera  9.083"  5523¢ 8515 6.745¢

Means in a column followed by the same character
are not significantly different at 0.05 significant level
according to Duncan’s Multiple Range Test.

Table 2 Correlation between the difference of image
data acquisition and height levels (m) with yellow
sample density 10%.

Table 4 Correlation between the difference of image
data acquisition and height levels (m) with yellow
sample density 20%.

Type of image Altitude levels (m)

Type of image Altitude levels (m)

acquisition
system
1 1.2 14 1.6
1.Manual 20° 20° 20° 20°
observation
2.Web CAM  14.043° 18.755% 11.943° 10.780°
3. Digital 18.785%  19.890°" 17.658° 21.113°
camera
4.NIR camera 22.503" 18.363% 31.073 20.220"

acquisition
system 1 1.2 14 16
1.Manual

. 10° 10° 10° 10°
observation
2.Web CAM  7.813° 7.968° 6.770° 6.748°
3. Digital

8 93539  9.760° 8.633* 10.718°
camera
4. NIR camera 14.475"  9.610°  15.765° 10.250%

Means in a column followed by the same character
are not significantly different at 0.05 significant level
according to Duncan’s Multiple Range Test.

Table 3 Correlation between the difference of image
data acquisition and height levels (m) with yellow
sample density 15%.

Type of Altitude levels (m)

image

acquisition

systemn 1 1.2 1.4 1.6
1.Manual 152 15° 152 15°
observation
2.Web CAM  10.918° 14.433*"  9.408°  8.515°
3. Digital  14.430%" 14.843" 13.605% 16.183°
camera

4. NIR 19.388" 13.278% 23705 16.738¢
camera

Means in a column followed by the same character
are not significantly different at 0.05 significant level
according to Duncan’s Multiple Range Test.

Means in a column followed by the same character
are not significantly different at 0.05 significant level
according to Duncan’s Multiple Range Test.

Table 5 Correlation between the difference of image
data acquisition and height levels (m) with Brown
sample density 5%.

Type of Altitude levels (m)

image

acquisition

syster 1 1.2 1.4 1.6
1.Manual 57 57 58 57
observation
2. Web CAM  4.753°  4.788> 4.128%°  3.763°
3 Digital 6.095°  6.283° 4.538%° 4.478%C
Camera

4. NIR 6.145% 5265  6.438°  5.273%
Camera

Means in a column followed by the same character
are not significantly different at 0.05 significant level

according to Duncan’s Multiple Range Test.

Table 6 Correlation between the difference of image
data acquisition and height levels (m) with Brown

sample density 10%.

Type of Altitude levels (m)
image
acquisition
ystem 1 1.2 1.4 1.6
1.Manual 10° 10° 10° 10°
observation
2.Web CAM  8235% 9240 7395 8475

15
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Type of Altitude levels (m)

image

acquisition

system 1 12 14 1.6
3.Digital 11.893" 10.460%" 6.355°  7.380%°
camera

4. NIR 14.285¢  9.908"™ 12.063 10.993
camera

Means in a column followed by the same character
are not significantly different at 0.05 significant level
according to Duncan’s Multiple Range Test.

Table 7 Correlation between the difference of image
data acquisition and height levels (m) with Brown
sample density 15%.

Type of Altitude levels (m)

image

acquisition

system 1 1.2 1.4 1.6
1.Manual 157 15% 15% 157
observation
2.Web CAM  11.093° 12.890 8.883°  12.435°
3. Digital ~ 16.950% 15.093% 14.390“  17.900'
Camera

4. NIR 17.565 15.225% 16.468° 16.230%"
Camera

Means in a column followed by the same character
are not significantly different at 0.05 significant level

according to Duncan’s Multiple Range Test.

Table 8 Correlation between the difference of image
data acquisition and height levels (m) with Brown
sample density 20%.

Type of Altitude levels (m)

image

acquisition

system 1 1.2 1.4 1.6
1.Manual 20° 20° 20° 20°
observation
2. Web CAM  14.058™ 19.055" 11.898%  11.430°
3.Digital 19.450° 18.735°" 15.353 16.580%
camera

4. NIR 20.090° 19.823" 22.580° 19.973
camera

Means in a column followed by the same character
are not significantly different at 0.05 significant level
according to Duncan’s Multiple Range Test.
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Figure 12 Correlation between leaves chlorophyll
content estimated from leaf reflectance values and
reflectance indices NDVI for healthy and infested

orchid’s plantation.
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Table 9 Correlation between height levels (m) and
chemicals and pesticides scatterable distance (m) at
pressure 1 bar and volume flow rate 0.02 liter/minute.

Table 11 Correlation between height levels (m) and
chemicals and pesticides scatterable distance (m) at

pressure 1 bar and volume flow rate 0.11 liter/minute.

No. Height levels Chemicals and
(m) pesticides

scatterable
distance (m)

1 0.25 0.530°

2 0.35 0.635"

3 0.45 0.722¢

4 0.55 0.817¢

No. Height levels Chemicals and
(m) pesticides

scatterable
distance (m)

1 0.25 0.220°

2 0.35 0.235

3 0.45 0.255°¢

4 0.55 0.280°

Means in a column followed by the same character
are not significantly different at 0.05 significant level
according to Duncan’s Multiple Range Test.

Table 10 Correlation between height levels (m) and
chemicals and pesticides scatterable distance (m) at
pressure 1 bar and volume flow rate 0.06 liter/minute.

No. Height levels Chemicals and
(m) pesticides

scatterable
distance (m)

1 0.25 0.325°

2 0.35 0.360°

3 0.45 0.375°

4 0.55 0.467¢

Means in a column followed by the same character
are not significantly different at 0.05 significant level
according to Duncan’s Multiple Range Test.

Means in a column followed by the same character
are not significantly different at 0.05 significant level

according to Duncan’s Multiple Range Test.
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Orchids disease
position (Web CAM)

(a)

~ Web CAM mappina

Surface from Book1.txt
-1

Figure 13 GIS application maps for crop status
monitoring and herbicide application for healthy and
infested orchids plantation: (a) Orchids disease position

from Web CAM; (b) GIS application maps.
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(b)
Figure 14 GIS application maps for crop status
monitoring and herbicide application for healthy and
infested orchids plantation: (a) Orchids disease position

from Digital camera; (b) GIS application maps.
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(b)
Figure 15 GIS application maps for crop status
monitoring and herbicide application for healthy and
infested orchids plantation: (a) Orchids disease position

from NIR camera; (b) GIS application maps.
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