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Analysis of paddy rice growth by synthetic aperture radar
Hayato NISHIKAWA ™!
"! Faculty of Engineering, Department of Architecture and Civil Engineering

In recent years, satellite images have been used in various fields such as disaster prevention, agriculture, and
monitoring of infrastructure facilities. In this study, I investigated the correlation between the backscattering coefficient
obtained from satellite image data and the growth situation of paddy rice by taking advantage of the characteristics of
the synthetic aperture radar. Multiple varieties of rice such as Hanaechizen cultivated in Fukui Prefecture were targeted

in the survey.
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G RkBE 0 L—%— (Synthetic aperture radar) 1% SAR & HIFEENTIH Y, Fig. 1 DL 912 SAR Z#5E9 25 A T f
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Fig. 1 Schematic of synthetic aperture radar (1)

Fig. 2 Image of backscatter'®

Table 1 Main microwave wavelengths used in SARY

|=Fies X&:8.0-12GHz C%:4.0-8.0GHz L&:1.0-2.0GHz
MR E 25-37.5mm 37.5-75mm 150-300mm
ENVISAT/ATSR(ER)
TerraSAR-X (i) RADARSAT-1,2(0) ,
MIGHE Y Tandem-X(i) KOMPSAT-5/COSI(§8) :tg;ﬁ’;ﬁ:ig,}a |
COSMO-SkyMed(f8) RAISAT-1(EM) =
Sentinel 1A(ER)

3. SENTINEL-1

SAR BRI, KA Y O TerraSAR-XY, BKINHiFERS (European Space Agency, ESA) ¢ SENTINEL-1¥, H
KD ALOS-2®, ASNARO-2V72 E2d 5. ARFFETIL SAR D72 HifG 4 M5 TF ] T % SENTINEL-1 D4
T — B EFRNTIZW .

Fig.3 I¥FH 22 T? SENTINEL-1 DA A —[X], Fig4 |% SENTINEL-1 OBHIDOA A —V X Th 5. Table2 IZ
SENTINEL-1 O#f% A 7~3". SENTINEL-1A £ 2014 4%, SENTINEL-1B (% 2016 #2476 _EiF B, BifE, EAH
Ths. FUFAEIT 12 A TH 5. HHIERIIC /XU RO SAR TH Y, BllE— NI Table3 D 4> TH 5. IWS
(Interferometric Wide Swath) & EWS (Extra Wide Swath) <F— R CIZBUAE L 100km TH Y, —FE |2 AHPH
DEGATFGFTE D Z L0 b, KBS ER O RIRA e R Loz 72 E~OR AP SN D, 22/ e
Db E OO Stripmap E— R TH Y, R 5SmxSm Th 5.

Sensitivity (NESZ) : -22 dB.
Ambiguities (DTAR) : -22 B8

Fig.3 Image of SENTINEL-I in outer space ®

Fig. 4 Observation image of SENTINEL-1®
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Table 2 Onboard equipment )

Copernicus: Sentinel-1 — The SAR Imaging Constellation for Land
and Ocean Services

FI5EF (ARE)  2014-04-03 (1A) . 2016-04-25 (1B) Table 3 Observation mode(9)
ERRE et sl

RlAL

EAmE ESA/EC

E=IF AN BEE i
sED. gr | EEETR. EEESRE. SEERES. LR CFARORRCE
=) BEOWE, BE. Ekosf - 507 Stripmap 80 km Smx5m HH-HV, VV-VH
e AIREREER IR I5E
_ IWS (Interferometr = 250 km S5mx20m
== 693 km e
ic Wide Swath)
B 98.745>
SoEMENE  98.19E EWS (Extra Wide S | 400 km 25m x 100 m
REEEET  18:00  (REERHSIAEBS) wath)
T
Wave 20 km = 20 km 5mx20m HH or W
Bl 128

Copernicus Open Access Hub
F‘.' W Insert search criteria. sl
L
1| Display 1 to 25 of 27
164 products

~ Order By: Ingestion Date 4
: 4 Request Done: ( footprint: OLYGON((136.
36.21871398586113,136.3626218487265 36.21871398586113,136.36485276656316
8 35.9843862703450 790591269566 35.98980170765401,136.005674994859

X

.
oprodmsseleﬁed’n

. B IW_GRI 907317205129_2019073 _028366_033499_F20c O °
Download URL: hitps:///sahub.copernicus. ¢ 3-0465-4399-bfe-ed
Mission: Sentinel-1 Instrument: SAR-C Sensing Date: 2019-07-31720:51:20.8722 Size: 1,57 G8

[0 B 51_tw_GROM_1SDV_201907247205953_201907247210018_028264_033166_20FA O
Download URL: https://schub.copernicus. eu/dhus/odata/v1/Products('ea 776008 -9395-47¢8-8017-2.
Mission: Sentinel-1 Instrument: SAR-C Sensing Date: 2019-07-24T20:59:53.275Z Size: 1.57 G8

I NS S1A_1W_GRDH_15DV_201907247205924_201907241205953_028264_033166_4A08 O
Download URL: https://scihub.copernicus.eu/dhus /odata/v1/Products('1 5380dcs-Deas-4820-b94d-13
Mission: Sentinel-1 Instrument: SAR-C Sensing Date: 2019-07-24T20:59:24.2512 Size: 1.83 G&

BN IS 514 _1W_GRDH_1SDV_20190719T205129_201907197205154_028191_032F40_FC16 O

‘Download URL: hitps://scihub.copernicus.eu/dhus/odata/v1/Products{'c8763782404e-4cbS-b58d-62
Mission: Sentinel-1 Instrument: SAR-C Sensing Date: 2019-07-19T20:51:20.2612 Size: 1.57 GB

[EDY EXIX 514_1w_GROH_1SDV_201907127205952_201907127210017_028089_032C10_1376 O
Download URL: 7 copernicus. Y ('5c9378 54
Mission: Sentinel-1 Instrument: SAR-C Sensing Dafe: 2019-07-12720:59:52.4752 Size: 1,57 GB

B SRS s14_1w_GROH_1SDV_201907121205923_201907121205052_028089_032C10_4648 O
Download URL: \copernicus. eu/: y (9bb4490-8005-4147-28b-61:
Mission: Sentinel-1 Instrument: SAR-C Sensing Date: 2019-07-12T20:59:23.460Z Sire: 1.83 G8

Products per page: (25 v | page:| 1 |of2 > >>

Lat Lon: 38.06, 139.26 e
Ureshing (Yanagawd), C—__

(13)

Fig.5 European Space Agency satellite image public site

4. SAR E{RDEHT

41 EHOFIO—F

Fig.5 |3 RO TSR O f7 52 g O F8~— T SENTINEL-1 (2 X 2 #ifg a3, 7o — RL7-. #iX
TR, Figs OBGIIEHT E ORI ARG L L, BT 2O EORE, Blle— N, EiE
DEA T TN T inDERL, MRERDEGEMRE L. BRI 2019 425 H~2019 49 AL L, fi
S OFEHAIL SENTINEL-1A, B Th % . BUHMNE & fRAGEE D /N T o 2 %35 % T, BIIIFE — R % IWS (Interferometric Wide
Swath) & U7z, BHIIE2S 250km, A Smx20m Th 5. i % 1 713 GRD (Ground Range Detected) T
BV, SAR [ZLHHET —4 %, HERZRTETAREICERE LT —4 Thd. REERBITIABRIN TS
VV R GXE, ZEE HICEE) & VHIEE FEIFEE, ZEIKE) Ths

4.2 EHROMEN

A m— R L7 SAR % VY, ESA 23AB L CWAENTY 7 k SNAP % W CRifr 217> 72, Fig6 78
SNAP DHE TH 5. MGG E 91T, B ER LIREE TS TV D, ZAUIMRHT Y 7 S ORI &
L2H0THY, HEOWIEE ~A 7 a0 N L > T, BgA KR LIREECTR RIS, FEEEE
Ay, LLTOFIETHR GHEARR O A STl a k. b cidscEk (10) , (11) 22&Fl2 L.
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1) FREED ST & T kAT 0 ED.

2) HETHMINZEGRT — % 2 EICBT A% T BEUREA~ERT A Xy U T L — 3 L EIT.

3) Fx¥UTL—arLimBIIH LT, Ay 70 (BT OERERK A4 X) OFE, 8O- HIZ LEE
TANE— (T g NH =P A X TXT) N LB E T T,

4) HIEAHEZTTD.

5) HfIAET UL (dB) [ZAHTS.

6) [t % geotiff XA THI.

4.3 GIS V7 ML BMRMRADEABERBOHA

AR OFT TG HAL7Z geotiff TEADEHRIZIT 10m A » & = THREEE, BREE, #ATBEURBOEREEN TV D.
7V =D GIS Y7 hTHDH QGISPEHAND Z L2k v, 3R LG OEE R O% R E DT — 4
ZHiJ1LT=. Fig.7 1Z QGIS T SNAP % W CHEHT L 7= % geotiff B 7 7 A L CFRLIZHTH D, HERED
L0 S AEMICH DREOMRAR], k5RE LIz/KBOME IR L TR Y, %ISR o7 —2 0O
TXBEHETH D,

5. BAMERBEKBORETRROX G

51 FOEERRLEBABEOREIZDONT

4 FETRO TGS D% T EELR L AROEBTROMIEZ RHICH-Y, £, MEHERRONAD
JFE AT 5. Fig8 ORMOAFIRMOBNRT & 512, HHEZOPBHIORE TITRANE L, ZERPEA > T
22N, SAR B D~ A 27 D% < 1K TREBSY % 15 o B /KE IR &4, BFEELDSNEL 2D, Lo
L, WRBEOIIHE, IR 2 b0, <A 7 ol bIRE Sh D L9102, BFEELS®RL 25, 1t
5T, MOREEICHEE T EELN R 25 L EZ bR,

28 XEBxroaQASNVEYOR: \tBVIAIEETA0WOR

Fig.6 SNAP operation screen
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Fig.7 QGIS operation screen (Satellite image of May 25, 2019)
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Fig.8 Image ofrice growth Fig.9 Fukui Agrinet's rice crop information system

5.2 FROEX, EHLEFHIRBOME

FIFFETIESSWT 7 U 2y b (Fig9) "OTABEN TV S 2019 4E 5 A~7 H ORGDEB IR & % 5 HESREK
DOXIREFARTZ. ST 7 U Xy M TIIEHRNOEEO A DOTROAEBT RN A I N TNDA, ST
RGO NFZTFE, avehl, bXI00, BIO, BmimeREEKONT T8 25 RImet 217 -
7-. QGIS %= AW, SRS L E TR X OKE 25 MSo% HEEssEE2H L, foEL (em), HAL
FREH -0 DX (A/m?) & ORBIGET~T-.

F9, x5 L L@ R 0 25 #iS & Z OJE0 0% 5 BEURE (VV IR OFEig 02 % 7.5 (Fig.10) .
S G XN PR OFR ORI TR LTW 5. BIEO RIS D% < IUKH, AWVERSITEYCER e ETH Y,
FIVME EBTEGELRE DI R & V. ORI LA 7LD &t S iSAHT oK RIS 5 By (Fig. 10 O7RW
Pi) M BEEROBGEIZHEY, AL 2> TEY, MOREIZE, BFHEUREDIKEL RoTND 2 LR 0
2D,

Fig. 11 [3EREBBOIRE R 2L D% FHEURER THD. FXE RS &, SOHEE, EiFhEEIX E B
DROET HIFE, BFEEURE O REL RAEANRAOLND. Tz, Wi e b VV OFEDY VH L H k&0
ZEDBNMD. ZHIE VV OB T EBELEM OSSO BRSNS Z LRI S L EX 6N 5.
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e T, B HGEURI S KRBOEB R OG22, S WT 7Y Ry hOFR—L_—VTE S5 H 23 B
57H 11 HET1EM I E OMOAEB RO FEE ST D08, #if SN T2 KREOREA B &2 EG O
RECH N —E LN ENZ N, 5 H 23 Bakas LZE%K (EAEE »oghskiliis T+ 5%
Kbz, FRXZRDHICHT- 0, A B EZLTHEUREOEGREZ £ & D7z (Figl2). L OT—%EZHW,
Bt 28 0 ClIe S B3 & % TR BN E RN 2 b 5 CIE LT, BET 2R 0 2 LA A%
IMSTEEL & T D% ITEGEURE O TR EZ R D7, LRI Tl ER~T.

y=ax+b (1)

YT FEGELARE, x IS, o, bITRIRHRECH D, Fig 3 TS HEE2H (SH25H), 14H (6 H6
H) &ZNZIUCKIET D% THGERRE, BELO, PHRICE2EMRAEEARET7H (5 A 30 H) (&34 5 Tl
2R, % EEUREO THEIEIL VV TlE-13.71dB, VH TE-20.78dB & 72> 7.

wICE (1) OFRRNKFERAE A ICZY T DA B EERAT 5 Z &Ik v, AFGFHHE B ICx3 5 %780
BOFRNEE KD, KFEOAEBRD & OBMREZTI7-. Figl4, Fig15 ([ZH% GHEUREO PIRE L FRo it 5%
OxtEERT. NFZFEY, ave sV, HEIND, TNENOKENOEEEEFT NG5 7203 72728,
ARHEWN 25 MO % EEURE O BIFTEIE Z RO T, KbFEOEFRILE O EHR T2, FRE RS &, %7
BEUREARE L R BHI1FE, ORI, EHNKREL R2oTWA, 7L, SOHEE L EitimBE#X o T =
T OEHIE, HDEOBIEEURED DT BT 2N R b Te. BRITHELREL & ARG A B IR OFEES
BIfR & EBANCRHMET 572012, %ABEUREERX (1) O x, OB EIIEEE y L35 TPHXEZRD, =
DB S 5 B S AR 2 22 L 7=, Table 4 (2 PRI A RO - BRIC5 S N - AHBGE 2 <9, Table
4 % RAH L, FHEREN 0.7 2 FlEl>727—A b H 505, 8 LI L THEIRED 0.86~0.98 L\ ) EUVMEE 721,
B EURE L KBOAEBRDUCHBENR R oD Z LRGN o7

(3) 2019/7/6 (4) 2019/8/11
Fig.10 Change in backscattering coefficient image (VV polarization)
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Backscattering coefficient(dB)
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Fig.12 Backscattering coefficient for each number of days
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Fig.13 Backscattering coefficients corresponding to 2 days and 14 days, and predicted values of straight line and
backscattering coefficient by the prediction formula
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Fig.14 Relation between backscattering coefficient and rice plant height, stem number in Sakai farm
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Fig.15 Relation between backscattering coefficient and rice plant height, stem number in Takaya area, Fukui city
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Table 4 Correlation coefficient between backscattering coefficient and plant height, stem number

(1) Sakai farm (2) Takaya area, Fukui city
Hanaechizen Koshihikari Akisakari Hanaechizen
Plant Stem Plant Stem Plant Stem Plant Stem
height number height number height number height number
\'A% 0.85 0.86 0.69 0.98 0.68 0.98 \'A% 0.86 0.87
VH 0.98 0.86 0.90 0.93 0.90 0.94 VH 0.98 0.68
6. # B

AWFIETIL SAR i 52 SENTINEL-1 OEIf§ T — & 7~ b # T HGELERE A SR D, IKFROAE B IRV & Dxbhis 2 i~ 7=
FRHTOFER, BAFBEUREDIKRE L 2513 E, MBOFIL L BNEESH -V OFHENRE 20, WEITHBIA A
BN Z LD, BITEEURED RO E BRI RS 2 ECHRARBIE CTH D LB 2 LD, AlEl, HTz SAR
B OELITBIRINE)S 250km T D Z & 05, JEHIFHOKFGD L BRI OHHRIZ % T BELR &2 FIH T X 5 ke
WRHD. 72720, AxgE LA 2 2T Tho7o 2 o, fthoisilzxt LT H%FaELRE &
DEBRMOBURETH L FTETHD.

ARWFIEIE 2016 FEEFNI RKFNIE T T 0T 4 7 FHZ#E [5S<WPHOENIX 7'm Y= 7 b | OBkEs T, it
F L7 F£72, BINFHEBEOEEGR T — &, B, fifry 7 R &R S CTHEX £ L. GIS Y7 h® QGIS
ZRMASETHEHEELE, DU TEILHR L RiFEd.
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