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A1l5 Analysis of hyper-temporal X-band images acquired by COSMO-SkyMed

during the rice-transplanting season.
OYoshio Inoue', Eiji Sakaiya®, Rocchina Guarini®, Luigi Dini’

Abstract : This study investigates the applicability of high resolution satellite-SAR sensors to timely acquisition of crop and
management information on a regional scale. X-band SAR images were obtained frequently by COSMO-SkyMed® during the
rice-transplanting season. The "water-point method" proved useful for normalization of 6° values from SAR images with different
configurations. The response of 6” to the changes in paddy surface-conditions were elucidated. The chrono-sequential mapping of
transplanting-date at individual fields would be realized at regional scale by using X-band SAR images.

Keywords : backscattering coefficient, COSMO-SkyMed®, microwave, rice paddy, synthetic aperture radar, water-point method.

1. Introduction

Timely assessment of crop and field conditions is
critical for diagnosis and decision making for precision
crop management as well as for food security . Many
studies have shown that the synthetic aperture radar

(SAR) sensors have great potential for a wide range of

agricultural applications due to their superior ability in
timely observation of land surfaces '. Rice (Oryza
sativa L.) is the most important staple crop in Asia.
Under the cloudy weather conditions in monsoon Asia,
SAR sensors are particularly useful for timely
monitoring of the rice cropping conditions . The
transplanting date in individual paddies is the critical
information for accurate diagnosis or prediction of rice
growth and yield.

The objective of this study is to investigate the
potential of satellite-SAR sensors for such applications.
Here, we present the analytical results of the
characteristics of hyper-temporal images acquired by the
constellation of COSMO-SkyMed® (CSK®™) sensors

during the transplanting season. The dynamic change of

o’ wvalues was analyzed in relation to the

chrono-sequential change of paddy surface conditions.

2. Data and methods

2.1. Study site and ground-based surveillance

A study site was selected in one of the major
rice-growing regions in northeast Japan (Tsugaru Plain,
Aomori Prefecture; center: 40° 36' 20.74” N, 140° 33'
36.02” E). The plain is flat and relatively uniform in its
rice varieties grown and crop management practices. In
general, rice is grown once a year during the summer
season (May—September) in this region. The surface
conditions of paddy fields in the plain (10 km x 10 km)
were observed on the ground periodically throughout the
transplanting season.

2.2. Acquisition and processing of SAR images

Eighteen X-band SAR images were acquired in
spotlight mode by CSK sensors (9.65 GHz) during the
major transplanting period, i.e., from May 10th
(DOY130) to June 10th (DOY161) in 2014.
Accordingly, the paddy fields were observed by the

! Member: National Institute for Agro-Environmental Sciences, Japan.

(Address: Tsukuba, Ibaraki, 305-8604 Japan. e-mail; yinoue@affrc.go.jp)

> Member: Aomori-ITC, Agricultural Research Laboratory, Japan.
* Non-member: Italian Space Agency, CIDOT, Italy.

CSK sensors at an interval of nearly two days. The
sensor configurations (spatial resolution, mode,
polarization, incidence angle) were selected based on
our previous examinations '**. Majority of the images
were obtained in VV polarization and a few were in HH
for comparison. The range of incidence angle was from
43.1° to 51.5° A vector file of polygons for the paddy
fields in the plain (around 20,000 fields) was used to
extract the average and variability of o’ values for
individual paddy fields from all 18 images. Similarly, ¢°
values were extracted for stable surfaces such as
still-water, asphalt and urban areas by assuming that the
still-water surfaces, asphalt surfaces and urban areas
would be most suitable as reference targets in
image-to-image comparison. In each image, more than
20 polygons for each stable-surface category were
generated based on the field-surveillance and optical
satellite images.

3. Results and discussion

3.1. Characteristics of hyper-temporal images

Fig.1 shows the chrono-sequential change of o’
values in stable land surfaces (water, asphalt, urban).
The overall range of o” for each of the three types of
surfaces during the season was within 4.77 dB. The
majority of the variability may be attributable to the
difference of sensor configurations such as polarization,
incidence angle, and viewing direction. The difference
between HH and VV polarizations was minor.

To reduce the variability of ¢° due to the difference
sin SAR configurations, we applied the "water-point
method" (i.e., normalization of each image data by
subtracting the o values for water surfaces: this
differential 6is designated as 56”)>*. The basis for the
method was confirmed by the consistent linear
relationship between the ¢’ values for stable surfaces
(Fig.2). The consistency was further supported by the
additional data points in Fig.2 that were obtained from
the images acquired in 2009 and 2010 for the same
region (but different season; September). Fig.3 depicts
the effects of "water-point method" for improving the
consistency of ¢’ values from images at different
incidence angles. The temporal mean of 3c” in 2014 was



3.6 dB for asphalt and 10.4 dB for urbans areas.

3.2. Chrono-sequential change of surface

conditions and its relation with ¢’

Fig.4 shows the chrono-sequential changes of 5c°
values in several groups of paddy fields as well as in the
stable surfaces. In general, before starting cropping
preparations (initial plowing or cultivation), the &c°
values for paddy surfaces were around 10 dB, and never
reached lower than 5 dB. In normal cases, the 5c° tended
to increase slightly after starting such preparatory
practices, and then drastically decrease with inundation,

and reached near 0-1 dB at flooding and puddling stages.

These low values are usually found a day before
transplanting practice. Just after transplanting, the 8c°
value usually slightly increases (~3 dB) in response to
rice seedlings, but also fluctuates to some extent
depending on the water level. Around two weeks after
transplanting, the increasing trend of 8c” became
consistent. In case that paddy fields were used for
upland crops (e.g., soybean), 5c° kept high values (8-12
dB) with some fluctuations due to cultivation practices.

Accordingly, the transplanted paddies can be
discriminated by the low 8c° (within a few dB) in each
image, and newly transplanted fields are detected by
comparing the two consecutive images. Some
systematic procedures would be needed for precision
mapping since the temporal resolution basically depends
on the frequency of SAR observations.

4. Conclusions

The "water-point method" is useful for consistent use
of SAR images acquired in different sensor
configurations. The chrono-sequential mapping of
transplanting-date at individual fields would be realized
at regional scale by constellation of X-band SAR
sensors. Even a few images during a transplanting
season will be useful to improve the crop diagnosis,
capability of crop growth models, and assessment of rice
yield and quality.

5. References

1) Inoue, Y. et al. Season-long daily measurements of
multi-frequency (Ka, Ku, X, C, and L) and full-polarization
backscatter signatures over paddy-rice field and their relationship
with biological variables. Remote Sensing of Environment 81:
194-204, 2002.

2) Inoue, Y., Sakaiya, E. Relationship between X-band backscattering
coefficients from high-resolution satellite SAR and biophysical
variables in paddy rice. Remote Sensing Letters 4: 288-295, 2013.

3) Inoue, Y., Sakaiya, E., Wang, C. Capability of C-band
backscattering coefficients from high-resolution satellite SAR

-o-Water 2014
5 HH —~0-Asphalt 2014
HH J ~-Urban area 2014

,/*H\w/“\”\;,/m”‘

o for stable surfaces (dB)

20
25
-30
130 135 140 145 150 155 160 165
DOY
Fig.1. Chrono-sequential change of o for stable
land surfaces.

5
o y=0.80x+6.1
2 =087
s -10 /
Q
& /
-
Z
= -15
s ¥=0.90x+1.36
= #=0.90
kS
= 20 O Asphalt 2014
=1
< @Urban 2014
s / roan
E © Asphalt 2009/2010
- y’
5 % VZ  Urban 2009/2010
—
<
by
© 30

-30 =25 -20 -15 -10 -5
o? for water surfaces (dB)

Fig.2. Relationship of ¢° for asphalt and urban
areas against o” for water surfaces within
each SAR images.

0 30

@ Urban area

s | ©Asphalt 25 | @ Urban arca

. OWa!? .777‘7777!77 " © Asphalt
2 ¢ §¢ o
T s hd %,, T s
Z [ a— =
: 8 g 8| o $ ae
[ 8 — 8 o L2 0 $ " C

o 8 go
25 5 g § %8 o g

40 42 4 46

48 50 52 54

Incidence angle (degree)

56

42 44 46 48 S0 52 54

Incidence angle (degree)

Fig.3. Effects of incidence angle on ¢” and 8¢’
values for stable land surfaces.

4)

5)

sensors to assess biophysical variables in paddy rice. Remote
Sensing of Environment 140: 257-266, 2014.

Inoue, Y. et al. Potential of X-band images from high-resolution
satellite SAR sensors to assess growth and yield in paddy rice.
Remote Sensing, 2014: 5995-6019, 2014.

Moran M.S., Inoue, Y., Barnes, E.M. Opportunities and
limitations for image-based remote sensing in precision crop
management. Remote Sensing of Environment 61: 319-346, 1997.

[ oRice-DOY137
=18 eRice-DOY 146
g e Rice-DOY 154
&£ 16 o Soyb
= ybean
7 14 Urban area
o) 0@ ‘Asphalt
= A h e
12| P Water °

e o . e ° o °
E o — = . e
& ° 8 * oo ° Pe
< W o \
o g ° J p
= o | e
Z 6 os®s °
2 L] o
2 o Ld
= 4 ° \ [ oo
= § 0 e g
° ° — )

.- o °
< 2 . 8 ©
8 °s s @
130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163
DOY

Fig.4. Chrono-sequential change of 8c" for typical
paddy fields with different transplanting dates
and soybean fields.

Acknowledgment: This study was supported in part by CSTI-SIP, Japan.


https://www.researchgate.net/publication/313164927

