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Extraction of crop acreage based on multi-temporal and dual-polarization SAR
data
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University / Key Laboratory for Wisdom City and Environmental Modeling, Xinjiang University, Urumgi 830046, Xinjiang, China

Abstract: It plays a vital role in agricultural production management and agricultural policy formulation to acquire spatial distri-
bution information and planting area of crops timely and accurately. In this paper, according to the phenological characteristics of
crops, the back scattering coefficients (Sigma) and normalized back scattering coefficients (Gamma) of cotton, corn and orchard
in different growth periods were extracted by using multi-temporal Sentinel-1A images (April 17, May 5, June 16, July 22, August
27, and September 2). The time-series change curves of the scattering characteristics were established and the characteristics were
analyzed by using backscattering coefficients of crops with different polarizations and different time phases. Artificial neural net-
work (ANN), support vector machine (SVM), and random forest (RF) were used to classify and identify cotton, corn and orchard.
On this basis, the classification results were compared and analyzed, and the accuracy was verified. The backscattering coefficient
of cotton increased significantly in June and July with the highest value in August, of which the changes were most obvious and
easily distinguished from other crops. The backscattering coefficients of corn and fruit trees were significantly different from
those of other land objects in September. The optimal classification was obtained by using random forest (the overall accuracy
was up to 88.97%) than by using neural network and support vector machine. The classification accuracy for cotton and orchard
was 90.88% and 93.17%, and the classification effect of corn is the worst, only 71.6%. In conclusion, multi-temporal and du-
al-polarization SAR data has certain application potential in the identification and area extraction of different crops.
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Fig. 1 Map of study area and sample distribution
# 1 Sentinel-lIASAR #IEFESH
Table 1 Main parameters of Sentinel-1A SAR data
L 7] A5 A [ VIE e Gig 2
Acquisition time Incidence angle Polarization Product type Resolution (m)
2018/4/17 39.2° VV, VH GRD 5x10
2018/5/05 39.2° VV, VH GRD 5x10
2018/6/16 39.2° VV, VH GRD 5x10
2018/7/22 39.2° VV, VH GRD 5x10
2018/8/27 39.2° VV, VH GRD 5x10
2018/9/02 39.2° VV, VH GRD 5x10

VIV A Ay 3 T O 90 A 0 i R 1) T s VH: AR By 3 T AR 3R I 00 K Pl 9 1) IS s GRD: MR
VV: the incident wave is vertically polarized and scatters vertically polarized; VH: the incident wave is vertically polarized and scatters hor-
izontally polarized; GRD: ground range detected products.
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Table 2 Jeffries-Matusita distance of typical crops with different phases

E 311 2018/04/17 2018/05/05 2018/06/16 2018/07/22 2018/08/27 2018/09/02

Type Sigma Gamma Sigma Gamma Sigma Gamma Sigma Gamma Sigma Gamma Sigma Gamma
#iAE-E K Cotton-corn 0.01 0.01 0.09 0.09 0.53 0.62 0.58 0.59 0.81 0.81 0.12 0.12
Hi4E -2 [E Cotton-orchard 0.19 0.18 0.06 0.06 0.29 0.26 0.06 0.06 0.07 0.07 0.40 0.40
HEAE-7K & Cotton-water 0.97 0.98 1.52 151 1.98 1.96 1.76 1.77 1.99 1.99 1.93 1.92
HRAE-#E3R Cotton-building 1.65 1.65 1.84 1.83 1.70 1.67 1.66 1.65 1.67 1.67 1.64 1.64
FK-[E Corn-orchard 0.14 0.14 0.04 0.04 1.22 1.22 0.93 0.94 1.15 1.15 0.12 0.12
= K-7K 4K Corn-water 1.04 1.05 1.49 1.49 1.98 1.94 1.34 1.33 1.99 1.99 1.97 1.97
FK-#E 51 Corn-building 1.65 1.65 1.80 1.80 1.89 1.87 1.86 1.86 191 191 1.50 1.50
SR -7k & Orchard-water 1.40 1.40 1.61 1.61 1.99 1.99 1.88 1.88 1.99 1.99 1.99 1.99
SR -2 5% Orchard-building 1.55 1.55 1.77 1.77 1.70 1.63 1.66 1.65 1.74 1.74 1.54 1.54
A5 -/K A& Building-water 1.90 1.90 1.99 1.99 1.99 1.99 1.96 1.96 1.99 1.99 198  1.99

*3 #ABEYTREIRKREAS IMIESR
Table 3 Jeffries-Matusita distance of typical crops with different band combinations

| 6/16 06/16+08/27 06/16+09/02 08/27+09/02 6/16+08/27+09/02

Type Sigma Gamma  Sigma Gamma Sigma Gamma Sigma Gamma  Sigma Gamma
Hi4E-F K Cotton-corn 0.53 0.62 0.88 0.93 0.83 0.81 1.02 0.93 1.50 1.49
Hi4E -5 b Cotton-orchard 0.29 0.26 0.55 0.54 1.10 1.09 0.85 0.86 1.47 1.45
Hi4E-7K 4k Cotton-water 1.98 1.96 1.99 1.98 1.98 1.99 1.99 1.97 1.99 1.99
Fi4E-# 5% Cotton-building 1.70 1.67 1.78 1.77 1.77 1.80 1.80 1.78 1.96 1.92
K- Corn-orchard 1.22 1.22 1.35 1.34 1.35 1.37 1.40 1.38 1.52 1.49
T k-7 Corn-water 1.98 1.94 1.99 1.96 1.99 1.98 1.98 1.97 1.99 1.98
FK-E Corn-building 1.89 1.87 1.84 1.83 1.78 1.74 1.73 1.70 1.81 1.81
JpE -7k 44 Orchard-water 1.99 1.99 1.99 1.98 1.99 1.99 1.98 1.99 1.99 1.99
S pE-# 5T Orchard-building 1.70 1.63 1.78 1.76 1.65 1.63 1.67 1.66 1.73 1.73
#$7-/K4K Building-water 1.99 1.99 1.99 1.99 1.99 1.98 1.99 1.99 1.99 1.99

In situ data & Sentinel-1 image

Band combination

Random Forest

Geometric correction

Pretreatment

\
\ | |

Geocoding } | |
| : Support Vector Machine |
\ | :
| |

Classification

Speckle filtering

C e . . Crop planting area extraction
Analysis of time series scattering chara ‘ PP 5

cteristics 1

l | Accuracy verification and analysis |

| Separability evaluation }7
2 BARKZE
Fig. 2 Technology road map
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Fig. 3 Histograms of backscattering of typical ground objects in multi-temporal SAR data
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VV: the incident wave is vertically polarized and scatters vertically polarized; VH: the incident wave is vertically polarized and scatters hor-

izontally polarized.
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AU 4T3] T 0.62, femfEHy 0.81, HELLE 8 1,
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W FIAR AL T 25 5 32 3] 13895 5e i 52 o AR R el
FRAE . TR I-M FE B 7E 4 7 Heiefik, 5 A & 9 A
¥ItE 1.5 LU b, 4B e AR dAS 3 FVEI
I-M FE B/ 6 NETAEIILE 1.5 L I, e (EAE 8 A Al
9 Ay, k%) 1.99, EFiREH], 8 AT A AL
M IR, 6 H s ) A FOK IR A BB, S el
HHAVEY Z TN E 9 A Fals 6 A
IS A RRAS B AT IR .
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AEFAH, BP6 H 16 H. 8 H 27 HM 9 H 2 H. Xfif
PRI HEAT I Be L, T R WA G 451 4%
M4y B, NER IATLIEH, £6 7 16 H .
8 H 27 HF19 A 2 H 3MHIHMAAKMT, Mk
T KA 4> B BEIRE T 1.5; A48 ISR Bl 1 40 5 3
1.47; FRARE P WGER T 1.52, 3 R /EY F
Py a1 3-M PR B S 7E 1.7 LA b, B Bedl &
AT o B R AT . PR, AR SO U B Al
4 44T 19 Sigma F1 Gamma (3£ 6 5521547 F —
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AL G R ANE S, RN T &M 4
TR BENLARA 3 Rl %t 6 A 16 H .
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25, B o R ok MRAE . EEI. KR
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WORREE, &R E 9.47%; KRR i A
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24 FEEWRIERSH
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IR AL ARAR 5328 3k 1) TS W6 B4 453+ 7 FERS B2 (Prodl.
Acc) I FURS BE (User. Acc), 3 BT H & Fh 4y 2%
SERL MRRE BRI Kappa Z%L, FEOK, FW4>
KER S, RS AEH, 1)5 Gamma 19502
AR I, Sigma £ s 19 4 KRR 4T . Sigma £l
BN A8 R 2 | S 45 o ML A Bt L AR AR 0 5 114
PG BE 23 )i e 1,43, 3.06 F1 6.40 > 43 45, Kappa
REWAWRAYSET . 2) SRR 2L A T,
N T 28 19X 246 R S 4[] S WL 2020 I R R TRl 28 A A
YEYIE B BRI A A4 25 A M A7 o AT AR AR 2
25 RVARKE B2 (Overall. Acc) ik %] 88.97%, Hd AR 41K
FEREIRF 90.88%. LA b4 & W H T Bl HLAR AR Bsf
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Fig. 5 Classification result of multi-temporal and dual-polarization SAR images

ANN: A THZ M4 SVM: ZHm =l RF: BEPLEEM

ANN: Artificial neural network; SVM: Support vector machine; RF: Random forest.

&4 TRREDHETR
Table 4 Planting area of different types of crop

259 TR o4 e

Type Area (hm?)  Proportion of total graph (%)
#i4E Cotton 228842 30.23
£k Corn 45183 9.47
Pl Orchard 71665 5.97

N T Bl A XA [ A AR 4y ) oA i AR AT AR
Bk, A SEHE LAY 20 AEDT, JREERE T BRI
PP I AL B 5 SAR AR I IS EE IR AR I [X I
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W& 6 ol A, MR MR 7 R L TR AR AE A T BORS B A 8 T 92.7%. I IR
1147.85 hm?, @it Xt ZHHAH Sigma SEARUEATRENLAR  FEAY 5 108 T K RS B A ol A 1 B E A RS BE B0,
PR G R AL S 1058.03 hm?, FIFHAR(Q) 20514 55.79%7F1 72.59%.

®5 HEFNKERRSPLAEEERIE
Table 5 Accuracy verification of different classification methods for time series data

N T2 M ANN SCHEEEHL SVM BEHLARM RF
KA Sigma Gamma Sigma Gamma Sigma Gamma
Type Prod.  User. Prod.  User. Prod.  User. Prod.  User. Prod.  User. Prod.  User.
Acc Acc Acc Acc Acc Acc Acc Acc Acc Acc Acc Acc
S Orchard 90.92 73.86 90.78 81.01 89.03 84.55 92.23 84.67 93.17 90.93 91.50 85.42
E K Corn 17.31 93.66 46.35 88.01 56.45 88.54 48.51 91.65 71.60 93.19 53.38 89.70
Hi#4E Cotton 85.96 86.72 79.06 94.85 89.53 82.11 81.34 99.89 90.88 88.43 86.52 92.61
A5 Building 84.11 98.74 88.57 93.85 84.02 98.74 85.65 90.45 87.14 97.99 82.32 99.57
K& Water 82.07 99.32 44.60 83.42 86.57 97.88 73.52 97.39 92.68 98.01 75.49 99.38
HAth Other 97.30 58.18 98.09 52.71 95.74 70.50 98.23 59.06 95.46 85.62 98.79 80.72
Overall. Acc 77.85% 76.42% 84.36% 81.3% 88.97% 82.57%
Kappa 0.73 0.71 0.81 0.77 0.87 0.79

ANN: Artificial neural network; SVM: Support vector machine; RF: Random forest.

*6 iREMEEREERIE

Table 6  Accuracy verification of cotton planting area

i FAAERE 5 T AR 1‘%7{?5_}%@@3\ Uir]E s g AEHEAERE Iy T AR ﬂlﬁ%ﬁ?ﬁ%ﬁ R i
No. Sample area of Classified area of Accuracy No. Sample area of Classified area of Accuracy
cotton (hm?) cotton (hm?) (%) non-cotton (hm?) non-cotton (hm?) (%)
1 43.37 43.58 99.53 21 1.40 1.39 98.76
2 102.52 104.98 97.60 22 1.74 1.77 98.35
3 37.12 35.69 96.14 23 2.19 2.26 96.97
4 34.69 33.20 95.69 24 1.24 0.88 95.40
5 31.38 32.88 95.23 25 2.08 1.98 95.14
6 8.44 8.87 94.90 26 32.20 33.82 94.98
7 54.79 51.59 94.15 27 31.13 33.02 93.95
8 8.24 7.51 91.20 28 24.27 21.51 88.62
9 106.06 116.13 90.51 29 16.46 14.44 87.75
10 117.49 129.85 89.48 30 1.71 1.43 83.84
11 131.91 114.47 86.78 31 36.74 29.42 80.08
12 28.15 24.25 86.13 32 72.66 52.31 72.00
13 36.63 31.53 86.08 33 1.18 0.85 71.94
14 105.81 90.80 85.81 34 4.28 5.60 69.09
15 94.85 80.10 84.44 35 21.44 13.70 63.89
16 26.81 21.82 81.40 36 47.88 30.51 63.72
17 18.27 11.80 64.60 37 47.44 26.79 56.47
18 38.16 17.76 46.54 38 3.69 5.42 53.42
19 18.51 8.59 46.40 39 30.36 7.85 25.87
20 28.68 12.81 44.67 40 6.67 1.19 17.86
HRAERE )7 MR Total sample area (hm?) 1147.85 e AERE 7 SR Total sample area (hm?) 434.81
MiAE 4> 25 Mmi X Total classified area (hm?) 1058.03 R 464325 A X Total classified area (hm?) 334.89
MK B Overall accuracy: 92.17% BHSE Overall accuracy: 73.64%
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WARE] Tz N, WE s E NDVIL EVI BT 7l
LG A FETE RS A B ] BRI, 0T 2 B
TOKRE . NE L BRI RBM O AME S, K
B A s AR B3 R Se BT Sentinel-1 $idiiE T 3
FPASTR] 432 J5 i X 5% DX 54 1A [ R A 0 1 432
ST AR BE I, fe e EOoK L TR AR 1R 2 43531
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