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Mapping of Rice Growth Using Low Altitude Remote Sensing by Multicopter
Kei Tanaka™ and Akihiko Koxpon™

Abstract

The purpose of this study was to monitor the growth of rice on a weekly basis by multicopter. The data collected were
used to 1) determine whether topdressing was required, 2) assess the potential for lodging risk. 3) estimate yield. and 4)
create maps of rice growth for estimated protein contents. The conventional NDVI and 2G_RBi were both suitable as
monitoring indices. and their application revealed the following: 1) The standard deviation of 2 G_RBi values was found to
be useful for determining the timing of topdressing, which was estimated to be most effective 10-15 days after maximum
standard deviations were recorded. Areas with poor growth could also be identified by using the NDVI values of the non-
productive tillering stages and areas where topdressing was needed could be identified. 2) To diagnose lodging, plant
length was estimated using the differences between the DSM before the field was prepared for planting and on the
monitoring day. and the risk of lodging 14 days before heading was shown for the entire area. 3) Yield was found to be
highly correlated with the NDVI values of the heading stage. and yield maps were created using a yield estimation
equation. 4) With regard to cating quality, a strong correlation was observed between the protein content of brown rice and
NDVI values from the heading stage to the first half of the maturing stage (15 days afier the heading stage), and accurate
maps of eating quality were created.

The monitoring of rice growth using a multicopter is both safe and cost effective for individual farmers. The findings
presented here show that the use of this method to obtain objective data and maps to assess topdressing. lodging risk, yield.
and protein content is useful for the detailed management of crop growth in ficlds.
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Table 1
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Specifications of the camera and conditions.

Nikon 1 AW1
Camera model

GoPro HERO3 (Black Edition)

1 NIKKOR AW 10mm {/2.8

Effective pixels 14.2 million

Image sensor 13.2 mm % 8.8 mm

Dimensions (W x H x D)
Weight (with lens) 479 g

10 mm
Focal length

of 27 mm lens in 35mm format)

Shutter speed 1/ 1000 sec.

Aperture range

ISO sensitivity Auto (160 — 200)

White Balance Auto
Exposure value 0.0 EV
4 sec.

Interval timer shooting

feature : waterproof and shock-

Remarks proof
location : GPS and GLONASS
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5. 35—V A—lA A 5D Nikon 1 AWI (=T %)
= J’?i' LU DEGEE T2 720 13.2mm X 8.8 mm A
7D CMOS 4 A=V EfL, 4608X3072 €7 LV
THETE2DH ATRERITHIERL ¥ X (1 NIKKOR AW
[0mm : f2.8) 2O A, PG LTl ERHEE 14em @
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115.3 mm X 71.5 mm X 37.5 mm

Auto (£/3.2-£/6.3)

12.0 million
5.9 mm X 4.4 mm
59.0 mm % 40.5 mm X% 30.0 mm

T3 e

2.77T mm

(angle of view equivalent to that (angle of view equivalent to that

of 16 mm lens in 35mm format)

Auto (1/10 - 1/ 1400 sec.)
£/2.8

Auto (100 — 400)

Auto

0.0 EV

1 sec.

(separately, build shutter mechanism)

Simplified near-infrared camera *
Total weight approx. 300g

(GoPro x 2, case X 2),
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b) Simplified near-infrared camera

Fig. 2 Observation camera.
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Fig. 3 Location map and test site
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2014 MAY JUN JUL AUG SEP Total
Transplanting| Harvesting
Observational date r;‘!‘réic\an‘laer . ‘0 A LI ] |‘ : "o 0 . : : . .. e o @ oil R
Number of  Multicopter 1(1) 5 5 5 1(1) 18(2)
observations  Landsat 8 1(1) 2 2 2 0(1) 7(2)

() : Outside of observation

Fig. 4 Number of monitoring times.

Table 2 Orthophoto and DSM accuracy validation.

X error (em)
Min Max

Y error (em) Z ervor (em)

Min Max Min Max

Visible
2.0 7.9
Orthophoto - DSM
Near-Infrarved Color
0.9 10.6
Orthophoto
The image by Multicopter
; Simplified near-infrared camera
Nikon AW1 GoPro 3 % D
Visible Image || ||Visible Imege| | N g
| T
AR — e e s l
Standardization Process ;
Y e DN Wi

| Image Synthesis Process |

Near-linfrared Color Image
(IR,R.G Image)

Near-Infrared Color
Orthophoto

NDVI

Fig. 5 Flowchart.

Visible DSM
Orthophoto
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ture from Motion — Multi-View Stereo) ¥ 7 b %7 = 7 [ PhotoScan

0.9 6.0 0.1 8.5

0.8 9.2 0.7 14.6
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NDVI= (DN,,;;—DN,.y)/ (DN +DN,cq) (1)

Z I C, DNy T4 52 @ DN (Digital Number),
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WY B B, RIS TITIRAT LI % ik 5 721
DN 7 5IE I NDVI &Rk 7z,

2 G_RBI = (2DNgrccu T DNrcd K DNbluc)
/ (DNrcd i DNgrcvn + DNbluc) (2)

Z ZC, DNred, DNgreen, DNpjye 1&. ERERO TG
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Fig. 6 Schematic of DSM acquisition.
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Fig. 7 Changes in monitoring indices.
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Fig. 15 Estimated yield map.

Table 3 Correlation of monitoring indices and yield per unit area.

Observational  Days from rice Days from .
NDVI 2G_RBi
date transplanting heading stage
2014/ 7/26 63 -8 0.784 0.309
2014/8/3 71 0 0.840 * 0.634
2014/8/11 79 8 0.815 * 0.706

* 1 significant at 5% level
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Table 4 Correlation of monitoring indices and protein content of brown rice.
Observational  Days from rice Days from s
date transplanting heading stage i 2B
2014/8/3 7l 0 0.804 0.527
2014/8/11 9 8 0.759 0.399
2014 /8718 86 15 0.823 0.500
2014/8/23 91 20 0.511 0739 °
2014/8/29 97 26 0.630 0.603
201479715 104 33 0.671 0.579
2014/9/13 112 11 0.799 (1.590
* 2 significant at 5% level
Table 5 Rice crop summary of 2014,
Test site Saitama Pref.
Number of clump per unit area (clump / ni) 18.5 - 20.3 16.9
Number of effective panicles per clump (ear /
. 15.5-19.4 22.1
clump)
Number of effective panicles per unit area (ear/ ni) 289 - 360 374
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