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Abstract

The developed unmanned radio controlled helicopter mounted with RGB and NIR band digital cameras can offer
near real-time results upon user demand for timely detection of disease infections in cassava plantation which is
extremely important for controlling the spread of disease and preventing crop productivity losses. This system is capable
of acquiring images at altitudes ranging from 10 to 30 m, and the acquired LARS images were processed to estimate
vegetative-indices with MATLAB program (Red=650 nm and NIR=800 nm band center) and thereby detecting diseases in
both young and mature cassava plants. Good correlations and clear data clusters were obtained in characteristic plots
of NDVI and various altitude levels, by which infested plants were discriminated from healthy plants in both young and

mature crops. The correlation coefficients (R)) were in an acceptable range (0.978-0.988). Furthermore, good correlations
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were obtained in characteristic plots of NDVI and GNDVI against chlorophyll content, the chlorophyll content values

(Lmol mfz) according to t-test showed notable differences among clusters for healthy young (R2:0.780—O.954), for
infested young (R°=0.877-0.930), for healthy mature (R’=0.860-0.931), and for infested mature (R°=0.725-0.907) cassava

plantation, respectively. The vegetation indices based on LARS images processed, provided satisfactory results

comparing with a manual measurement.

Keywords: Image data acquisition system, Digital image processing, NDVI, RGB-camera, NIR-camera
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Low-Altitude Remote Sensing
with Unmanned Radio Controlled
Helicopter-attached

<

RGB and NIR-Cameras with
Wireless Trigger Control

Wireless Altitude Sensor (Seagull) &
Illumination Sensor (SKR 1800)

Garmin Etrex GPS-Reciever
(USA)

i

]

Low altitude image data with RGB and Near-
Infrared bands and Grid Point Coordinate

Grid Soil Sampling for soil collection and Grid
Point Coordinates

[ ]

Image Processing Technique (Segmentation by
Image Processing Analysis Software)

|

Soil sampling analysis/NDVI/GNDVI/Chlorophyll
content for healthy and infected cassava
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GIS application mapping

Figure 1 Instrumentation and overall procedural configuration. Low-altitude remote sensing image data acquisition system

in cassava plantation.
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Table 1 Physical and chemical properties of soil in cassava

crop plantation.

Soil Depth (cm) 0-25
pH levels 55
Soil Texture Sand (%) 40
(Clay) Silt (%) 15
Clay (%) a5
Organic Matter (%) 1.59
Particle Density (g/cm3) 257
Bulk Density (g/cm3) 1.39
Moisture Content (%) 20.12

@)

(b) c)
Figure 7 Low-altitude unmanned radio-controlled
helicopters with image acquisition system. (a) Preparation of
instruments, (b) Plant material and site selection at
cassava 1 month, (c) Site selection at cassava 5 month

(Lat. 14.14°N, Long. 101.48°E).
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Table 2 Artificial test plot for image processing calibration
at different altitudes and image data acquisition system.
(Average illumination during observations: Red=1650 pmol

m”s" and NIR=1050 umol m’s" at 1200 hrs)

No. of image Altitude levels
acquisition (m)
system 10 15 20
1. Labor force 100a 100a 100a
2. RGB-camera 76.89b 73.86b 68.56¢
3. NIR-camera 87.33d 83.07d 81.53d

Means for each characteristic followed by the same
column are not significantly different at P<0.05 by

Duncan’s Multiple Range test

(b) ©
Figure 8 Stages of image data calibration. (@) An image
processing calibration, the percentage of wood particles in
1m’ areas, (b) Raw image from RGB-camera, (c) Raw image

from NIR-camera at height of 10, 15 and 20 m, respectively.

Table 3 Practical independence of NDVI values from
illumination level from 10:30 hrs (Azimuth angle: 33
degree) to 14:30 hrs (Azimuth angle: 10 degree) recorded
with SKR 1800 of Skye Instruments Ltd.

[llumination levels

NDVI values
. (umol m-2 s-1)
Experiment
No Young Mature
' Red NIR cassava cassava
(3 months) (6 months)
1 1967 1298 0.639 0.638
2 1852 1214 0.636 0.636
3 1587 978 0.637 0.637
4 1675 988 0.638 0.637
5 1462 867 0.637 0.640
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Figure 9 Effect of illumination level on NDVI index values.
(a) SKR 1800 of Skye Instruments Ltd., (b) Normal image at
3 months (infected) from RGB-camera at 10:30 and 14:30
hrs., (c) Using an instrument of Leaf chlorophyll content
meter (Minolta SPAD 502) and SC 900 Soil compaction

meter of Spectrum® Technologies, Inc., USA.
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Table 4 Artificial test plot for NDVI values at differences
of height and image data acquisition system. (Average
illumnination during observations: Red=1650 pmol m” s

and NIR=1050 pmol m”s™ at 12:00 hrs.)

NDVI values
Altitude =0 NIR- NIR- NIR-

levels Camera  camera  camera  camera
(m) (3 months (3 months (6 months (6 months

healthy)  infect)  healthy)  infect)

10 0.714i 0.465d 0.648¢ 0.421c

15 0.682h 0.438c 0.616f 0.401b

20 0.668h 0.429c 0.604f 0.392b

30 0.613f 0.394b 0.555e 0.360a

Means for each characteristic followed by the same
column are not significantly different at P<0.05 by
Duncan’s Multiple Range test
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05 @ NIR-camera 3 month healthy

R? =0.978
% B NIR-camera 3 month infected
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NDVI values from LARS system

Altitude levels (m)

Figure 10 Cross-correlation characteristics between low
altitude remote sensing images based NDVI indices and
various altitudes from healthy, infested, young and

mature cassava.
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Figure 11 Correlation between leaves chlorophyll content
estimated from leaf reflectance values and reflectance

indices NDVI for healthy and infested cassava plantation.
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Figure 12 Correlation between leaves chlorophyll content
estimated from leaf reflectance values and reflectance

indices GNDVI for healthy and infested cassava plantation.
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indices NDVI for healthy and infested cassava plantation.
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(a) GIS application mapping for
Plant density

(b) GIS application mapping for Leaves
chlorophyll content

(0) GIS application mapping for Soil

compaction values

Chlorophyll content at 3 month, Healthy

Soil compaction 3 month, Healthy

Plant density from RGB-camera at 15 m

el == =

Soil compaction 6 month, Healthy

E S S

Plant density from NIR-camera at 151

Figure 14 GIS application maps for crop status monitoring and herbicide application for healthy and infested cassava

plantation. (a) GIS application maps for Plant density, (b) GIS application maps in leaves Chlorophyll content estimated

from leaf reflectance values, (c) GIS application maps in soil compaction estimated from the precise instrument

measurement, respectively.
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