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Remote Sensing System for Crop Growth Monitoring
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Abstract

In Japan, the aging of agricultural workers and shortage of
new workers has threatened the traditional and critical hand-
ing down of farming know-how. At the same time, agricul-
tural corporations blossom, farmlands are integrated, and
farming has become large scale. With these changes, tech-
nologies must accommodate a new breed of farm worker,
one whom those technologies empower to manage crops
scientifically by providing a visualized status of those crops,
thus allowing measures to be taken to ensure a bountiful
crop of high quality.

In 2017, we conducted remote sensing studies of rice fields
throughout Japan totaling 1,000 hectares in area. We found
that the ability to visualize crop growth was an effective aid
to soil improvement, work instruction, worker education,
and the improvement of the process of cultivation.

We evaluated vegetative growth quickly over a large area
using a multispectral camera mounted on a drone, and, from
the acquired images, we calculated both the NDVI (Normalized
Difference Vegetation Index) and the vegetation cover rate.
Each of these indexes correlated highly with growth survey
results at agricultural experiment stations throughout Japan.

With our system, the growth index data of a rice field is
tagged with GPS information acquired at the time of imag-
ing, and this data is visibly overlaid the photo of the field to
provide a field-wide growth map. This growth map can then
be used to aid in soil improvement, work instructions, worker
education, and cultivation process improvement.

The growth map also aids in determining the proper
amounts of fertilizer to be used within particular areas of
the rice field. This helps the farmer reduce growth variation
by varying the amount of fertilizer applied to those areas of
the field, such as by precision-spreading fertilizer with an

unmanned helicopter.
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Fig. 1 Remote sensing and data processing system for the high-quality,
stable harvest of wet-field rice.
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Fig. 2 Stitched visible rice field image (left) and NDVI image (right).
The images from a drone-mounted, GPS-equipped multispectral
camera are converted into visible and NDVI images which are
then stitched together into a single image. In the NDVI image, the
right side of the rice field (B) shows higher NDVI, and thus better
growth, than the left side of the field (A).
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Fig. 3 Multispectral camera drone.
This drone can acquire multispectral images of 2 hectares of rice
field in 8 minutes.
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Fig. 4 Imaging system.

For a growth map of a rice field, multispectral images are taken
using a visible light filter and a near-infrared light filter.
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Fig. 5 Vegetation cover rate images obtained from a multi spectral image.
A: Low vegetation cover rate. B: High vegetation cover rate.
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Fig. 6 NDVI and leaf color value.
A strong correlation appears between the NDVI value and the leaf
color value measured with a chlorophyll meter.
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Fig. 7 Vegetation cover rate and stem number.
A strong correlation appears between the vegetation cover rate
calculated from the multispectral image and the stem number
counted in the rice fields.
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Fig. 8 Screen shot of an image stitching program. Images acquired with
the drone are stitched into a larger image using GPS data and the
rotational position of the drone.
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Fig. 9 NDVI map.
In field X, there is a large variation in color from blue to red, indi-
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cating a large variation of nitrogen in the soil. The fields in row D
are generally blue, indicating a lack of fertilizer.
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Fig. 10 Vegetation cover rate map.
The fields in row D show a high vegetation cover rate, which
indicates good growth immediately after planting. However, by
additionally taking Fig. 9 and Fig. 10 into account, it is seen that
fertilizer has been depleted.
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Fig. 11 Visualized effects.
A: NDVI map. B: fertilizer map indicating the amount of fertilizer
required. C: NDVI map after the application of fertilizer. After
fertilization, the NDVI variation seen in map A has now been
reduced in map C.

Fig. 12 A GPS-equipped, unmanned helicopter applies fertilizer selec-
tively as guided by a fertilizer map.
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Fig. 13 NDVI map displaying a large variation caused by the uneven
application of fertilizer.
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