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Chinese cabbage is one of the most important vegetables in Korea and a target crop for market stabilization as
well. Remote sensing has long been used as a tool to extract plant growth, cultivated area and yield information
for many crops, but little research has been conducted on Chinese cabbage. This study refers to the derivation
of simple Chinese cabbage growth prediction equation by using RapidEye derived vegetation index.
Daesan-myeon area in Gochang-gun, Jeollabuk-do, Korea is one of main producing district of Chinese
cabbage. RapidEye multi—spectral imagery was taken on the Daesan-myeon five times from eally September
to late October during the Chinese cabbage growing season. Meanwhile, field reflectance spectra and five
plant growth parameters, including plant height (P.H.), plant diameter (P.D.), leaf height (L.H.), leaf length
(L.L.) and leaf number (L.N.), were measured for about 20 plants (ten plants per plot) for each ground survey.
The nommalized difference vegetation index (NDVI) for each of the 20 plants was measured using an active
plant growth sensor (Crop Circlem) at the same time. The results of correlation analysis between the
vegetation indices and Chinese cabbage growth data showed that NDVI was the most suited for monitoring the
L.H. (=0.958~0.978), L.L. (1=0.950~0.971), P.H. (1=0.887~0.982), P.D. (1=0.855~0.932) and L.N. (r=0.718~
0.968). Retrieval equations were developed for estimating Chinese cabbage growth parameters using NDVL
These results obtained using the ND VT is effective provided a basis for establishing retrieval algorithm for the
biophysical properties of Chinese cabbage. These results will also be useful in determining the RapidEye
multi-spectral imagery necessary to estimate parameters of Chinese cabbage.
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Statistical performance of Chinese cabbage growth parameters retrievals using regression equation extracted from
NDVlrapiakye-

y X Regression equation RMSE R’
P.H. NDVigapidgeye Yy = 74.43%° - 15.948x + 7.316 4.639 0.871
P.D. NDVigapidgeye Y = -75.829x° + 126.83x + 3.0265 5.043 0.847
L.H. NDVlpapigiye ~ y = 21.161x° + 29.625x + 6.1476 4.090 0.882
L.L. NDVlpgigiye ~ y = -15.371x> + 52.302x - 1.0817 1.742 0.923
LN. NDVlrapideye Y = 4.5634x> + 21.392x + 3.8147 3.220 0.640

% P.H. : Plant Height, P.D. : Plant Diameter, L.H. : Leaf Height, L.L. : Leaf Length, L.N. : Leaf Number
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Fig. 1. Location of research sites in Gochang-gun, Jeollabuk-do, South Korea.

Table 1. Dataset in RapidEye satellite.

Specification RapidEye
Number of Satellites 5
Spacecraft Lifetime 7 years
Orbit Altitude 630 km in Sun-synchronous orbit
Equator Crossing Time 11:00 am (approximately)
Sensor Type Multi-spectral push broom imager

440-510 nm (Blue), 520-590 nm (Green), 630-685 nm (Red),

Spectral Resolution
690-730 nm (Red Edge), 760-850 nm (Near IR)

Ground sampling distance 6.5 m

Pixel size (orthorectifide) 5m

Swaith Width 77 km

Revisit time Daily (off-nadir) / 5.5 days (at nadir)
image capture capacity 4 million sq km/day

Dynamic Range Up to 12 bit

Acquisition date 9/13, 10/4, 10/9, 10/15, 10/27

Table 2. RapidEye product specifications (http://www.rapideye.com/products/),

Product Attribute Level 1B Product Level 3A Product

Image File : Image product delivered as a group
of single-band NITF 2.0 files with associated

Product Components .
RPC values Metadata File — XML format .
and Format format metadata file Browse Image File &

metadata file Browse Image File & Unusable
Unusable Data Mask (UDM) file — GeoTIFF format
Data Mask (UDM) file = GeoTIFF format

Image File : GeoTiff file that contains image data
and geolocation information Metadata File — XML

Product Orientation Spacecraft/sensor orientation Map North up

Pixel spacing 6.5 m S5m

Bit Depth 16bit (Unsigned Integers) 16bit (Unsigned Integers)

Product Size Swath Width 77 km / Length 50 ~ 300 km 25 km (5000 line) x 25 km (5000 column)
Horizontal Datum WGS84 WGS84

Map Projection - UTM
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Fig. 2. Field photos of Chinese cabbage at the various growth stages (Chunsan-n).
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Fig. 3. Temporal variations of NDVI from RapidEye satellite.
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Fig. 4. Temporal variations of Chinese cabbage growth parameters.
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Table 3. Conrelation coefficients between NDVIgapiarye and Chinese cabbage growth parameters.

P.H. P.D. LN. LL. L.H.
Field MS 0.887" 0.932" 0.968" 0.950" 0.958"
Field CS 0.982" 0.855" 0.718" 0.971" 0.978"

% P.H. : Plant Height, P.D. : Plant Diameter, L.H. : Leaf Height, L.L. : Leaf Length, L.N. : Leaf Number
" Significant at the 0.01 significance levels.

Table 4. Statistical perfformance of Chinese cabbage growth parameters retrievals using regression equation extracted from
NDVlrapiakye-

y X Regression equation RMSE R’
P.H. NDVlRapideye y = 7443x" - 15.948x + 7.316 4.639 0.871
P.D. NDVlRrapideye y = -75.829%" + 126.83x + 3.0265 5.043 0.847
L.H. NDVlRrapideye y = 21.161x" + 29.625x + 6.1476 4.090 0.882
L.L. NDVlrapidkye y = -15371x" + 52.302x - 1.0817 1.742 0.923
LN. NDVlrapidkye y = 45634x> + 21.392x + 3.8147 3.220 0.640

% P.H. : Plant Height, P.D. : Plant Diameter, L.H. : Leaf Height, L.L. : Leaf Length, L.N. : Leaf Number
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Fig. 5. Relationship between NDVI in RapidEye and Chinese cabbage growth parameters.
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