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Satellite Image Recognition and Classification Method Based on Deep Learning

FANG Hao-Wen, SHI Hua-Jun
(The 32nd Research Institute of China Electronics Technology Group Corporation, Shanghai 201808, China)

Abstract: Satellite remote sensing technology is a very important geo-spatial monitoring technology. After being
processed, the satellite remote sensing images have a large amount of data characteristics of various complex data types,
the traditional target classification and recognition ways spend a lot of manpower and material resources. In order to
reduce the workload and provide convenience for subsequent processing, we consider using deep learning algorithms for
satellite images classification and recognition. In this paper, we designed an image recognition and classification method
based on VGGNet. We augmentated data by using haze removal algorithm'and other tricks. And we added ridge
regression to use correlations between labels to predict. Verified by experiment corhparison, this method can achieve more
than 90% of F2 score. Finally, an online recognition, classification ahd display system based on Django is built by using
this method. ‘
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1.1 VGGNet
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Convnet configuration

A A-LRN B C D E
11 Weight | 11 Weight | 13 Weight | 16 Weight | 16 Weight | 19 Weight
layers layers layers layers layers layers

nput (224x224 RGB image)

Conv3-64 | Conv3-64 | Conv3-64 | Conv3-64 | Conv3-64 | Conv3-64
LRN Conv3-64 | Conv3-64 | Conv3-64 | Conv3-64

Maxpool

Conv3-128| Conv3-128| Conv3-128| Conv3-128|Conv3-128 |Conv3-128§|
Conv3-128| Conv3-128|Conv3-128 |Conv3-128

Maxpool

Conv3-256( Conv3-256| Conv3-256| Conv3-256|Conv3-256 | Conv3-256|
Conv3-256( Conv3-256| Conv3-256| Conv3-256| Conv3-256 | Conv3-256]
Conv1-256|Conv3-256 | Conv3-256
Conv3-256)

Maxpool

Conv3-512| Conv3-512| Conv3-512| Conv3-512|Conv3-512|Conv3-512|
Conv3-512| Conv3-512| Conv3-512| Conv3-512|Conv3-512 [Conv3-512
Conv1-512|Conv3-512 [Conv3-512|
Conv3-512

Maxpool

Conv3-512| Conv3-512| Conv3-512| Conv3-512|Conv3-512 | Conv3-512
Conv3-512| Conv3-512| Conv3-512| Conv3-512|Conv3-512|Conv3-512|
Conv1-512|Conv3-512 [Conv3-512|
Conv3-512|

Maxpool
FC-4096
FC-4096
FC-1000
Soft-max

B 1 4 VGGNet %4070 2% 45 4
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Tx7 BRUZTE LI AELE AR e, 545 CNN XHRFAE )
2Ifig ) s 5EP
1.2 Keras fEZ2

Keras™ & —/ ] Python %45 FI = R 2% AP,
‘B HENE LA Tensorflow, CNTK E{3# Theano 1E NG iia
17, BB R RE . Bk, CURJEMERIZE T Python
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1.3 F2-Score
F-Score™ V& —AN N 7 P A A 8] R 15N

ST — AN 2588, 25— MEARES (B IE

FEARFNGREAR) BEAT 73 2RIF, 2 HILLA R LR 0
TruePositive: {EARIE IEFEA I 73 FEOEFEA;
FalsePositive: JEAKIE VUREA ) 73 B BOIEREAR
FalseNegative: K& IEFEA ) 70 K AAEA,
TrueNegative: A K& SUFEA 1) 7 FE R AAFEA.
XHHERZR (Precision) F1A [R12R (Recall) FE SLANTR

. TruePositive
Precision = — —
T ruePositive + FalsePositive
TruePositive
Recall =

TruePositive + FalseNegative

F-Score f)5E X F:

Precision X Recall
3% X Precision+ Recall
¥

JT LA F2-Score 124 p=2 I} ) F-Score, EJ 7 [A] & Lt
TR 22 B 2 — A

Fg= (1 +,82)
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:EQEP:C N RGB =ifiH.
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min
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)+1—f(x) (5)

I -
min (min (y)) = f(x) min
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fx)=1-
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(1) M\ 388 1 ] v 42 B 552 R 1 /NPT 1% 1)
BE;

(2) FEIX LNy B i, 7E R 55 R 1 3400 B
(1) LA B v S FE 1A S A, 1 A 1.
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Django #&—/Mf] Python i & %4 5 HIFFJE Web JF
RAEZE, il PR T R, I R AR R R A - 4 o B
(MVC) it ThaeseE, BRI A, BA R8s E
Vi A RIEMS — B E ALFF (URL) B, F5
RS &, 22 A TE a4 AR AR H A 55

BoRRGHB L RINEE: itE LA, SRahm.,
B T RN AR 2 R R

fib & EAL R EALR B o R B R B
TRAFBE AR AN B AL B IR AR BE AR, FEXTHT AR B
HAT BN A5 2IAR 2, T SRR, A0 A1 B 258
). 15 2 FR 25 50 e s B g AT FR 25, K s B
TRAEZHAR I, FMBRH EAEE . X — B RR T RR
At JE WA T AR B R, TR R B R 3 S

I bRAE, BRSO R PPy BT B AT, AH b A Ve it

AT A ER I WK TR, bR R AT S B
B AR 2l 45 RO E N s B DU

4 SERGE 5 b

T BRAE AR SCHR TR B S R o 2R
5, SIS TR
41 HEETITIE

ik JE T Planet A A EIKFE SCCON £ K FH
[F] 2D #1E (SSO) AT E Fr2s (|l (1SS) PLIE L1 4 9 B
TRERHER W35 B A, 7 Crowd Flower -
B CL AR AN AZ B Fr v B A EAT A v, 3L 4
z (Cloudy), JA#H == (Partly Cloudy), A % (Haze), i
W (Clear) & 4 N KRAARZE; JE IR (Primary), 7K

(Water), J&1E (Habitation), M (Agriculture), 18 . |

(Road), Fifi (Cultivation), #f# (Bare Ground) & 7 /|~
4 WL HIRRAE: TIHE Rl (Slash and Bumn), it FEHERK IR
(Selective logging), /4 (Blooming), & M K /&
(Conventional Mining)“, LRI (Artisinal Mining), PR
{5 (Blow Down) & 6 MANE WHIAFREE. &3t 17 Mx
2,40 479 FKATARERIE
4.2 SLIUREE

FEVNZREHE 2 BEHL AR e 5 BL 8 2 2 1 L7 Bl L
7y BN GREE MGG AUELE, FEHEAT bR, K I GREe b A
= FHE R AT TS A B, I 08 B R GR H s 2 AT
R SIS X AT B AT 404k (RGB) ¥4, K&
HEFEME. BMER H T ImageNet 23554811, ImageNet
AL 1400 2 55K E Fr, Wk 2 712K, KR
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5k, WTT 25 15 M2 P 20 M GRS KA. T 4 11 T
A3 — S A TR, o FRH 2 o 4 1T R W 22 7
MBS B IR0 75 % 1 10 TEAS 531, b
FEE 3 5k 41

16 B FUR R 4 2 2 2 1A o B 8, 1878 %
Yty NAR R — 4, KD 2 B0 B, e G i L
L.

e b 58 i % 36 NS A O, MBS SIS I o
0.0001, 3K H VP4 i A5 A P52 T I sk 2D 2% =) 28 1) 5
W, 98/ K factor 9 0.1, BRI 2] 504 DL Ir*factor
SR . DA 2 2 ST I b 2 £ 8 10 F5 10
S R AT HO AR 24 3 MBI R VRN 15
RS PSS S R 1 I

PR R Bk B LeakyReLU, & ReL U J43F B8 £ 1)
BRI, 4B, LeakyRelU W24 24 9 24
&LMW%%#?¢%%EJ@%K¢U§%&%%W
LTI

M (RN AT 7 Mg T A IE LR
Lasso [ I 1F JU) £k, J22 RIS A1 HE Sz 36
43 LIWLER

23 i S5 e 25 0 [ U I A 2
[RCRHEAT T AL, AR 6. 18 7 RIS,

0.9265

= = BRZEH
A %%
0.9260 - -
T =
) - e~
09255 | =7~ " =S
0.9250 |
0.9245
0.9240 4 .
Water Bare ground Haze Clear

K6 BrE a2 bR RAIESE F2-Score
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0.9265
0.9260
0.9255
0.9250
0.9245
0.9240
0.9235
0.9230

0.926 06

/0.924 11

[ Al

7  B&%H0 )5 B4k F2-Score

K% 5

0.929
0.928
0.927
0.926 |
0.925
0.924
0.923
0.922
0921 t
0.920
0.919

0.928 32

0.926 06

TOSZZ 33

Lasso
»

B8 ISINIEMI Ak 2 A JS S 4 F2-Score

PR I a9

& 6 A& 7 /T LAE H, B %5 SRR 1 50 bR
Z% (41 water 1 bare_ground) ] F2-Score, {H [F] i 1 %
KT HABAIARZE (U0 haze A clear) [ F2-Score. 2R 1MiX
SPEAR AT DLE I A A AR A I 5 T A IR, RS
X BB . EARRULRR 5 S E IR = T BRI F2-
Score, ZX A .

HE 8 af LLE W, ML F A AN Lasso [A]
VA IE AL Z, 30 [B] U5 1E ) 4k 2 AT DL ek 38 5 44 7
ROR, R R AR G H B, UE B T A o [E1 )3 1E
A= E . .

HRAEE 1 T LA UL, Kb % 0 F2-Score 1 LA
8 90% bl 5 R ROREBIRER AT 2550
%5 F2-Score %Eﬁ@] 50%;1‘%%1‘51@%5@@ PLF
BN AR IR

(1) Bl R RN AR 7 R I B B s s Y
FARTKRIE S AREOE S /N RS AT I 2R, WORSbw
25 B Wb 2 2 i N SR 5 19 B R IF I 45 3%, 1A
DL bR A R A XX O 5k B e, B A D, i
TOIEAR I PR BURFEEAT VI 5, AT 75 210 45 A A
B AR BRSSO 2, W A F2-Score 5200 FEANK.

(2) N CARER R ZE. BT A T7 R H 0 4
5 EEN TARVE, TN TARVE R B T8 AR FREE 1) H)
W AN AR ], HL A — A A AT B 2 b 25 1) 40 T T S

- A

=4

A, T2 BRI R % . 3R 8 T AN AT 38E G ) 5 R
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