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Abstract

In this paper, an auroral image detection algorithm based on zernike moments is proposed.
Firstly, the zernike moments are extracted for each image, and then the similarity between the
images is measured by Euclidean distance. Finally, the KNN method is used to classify them ac-
cording to the similarity degree. In real life, the aurora image will inevitably be disturbed by noise
factors, which requires the detection algorithm having a very good characteristic of robustness.
Sometimes in order to adapt to the needs of image rotation, the algorithm is needed to have a
characteristic of rotation invariance. The aurora image detection algorithm based on zernike
moments just has these characteristics. Compared with the traditional LBP feature extraction me-
thod, since the continuous orthogonal zernike moments are defined under the polar coordinates,
they themselves have the characteristic of rotational invariance. Experiments show that the fea-
ture extraction method based on zernike moments is better than LBP when the image is added
with noise, rotation and smoothing.

Keywords

Zernike Moments, Aurora Image Detection, LBP, Feature Extraction

ET ZernikeZB YR BG4

%%, £ B

BepaImye R B s 548 BHEOR %, Bl P
Email: 1654737187@qq.com

ks H#: 20174F3H6H; FAHHM: 20174F3H20H; &AAHM: 201743 H23H

=
ASCRE T —FEE T zernike BRI BB . ZEEE SXEEE G IR zernike ERHME, R/E

XESIH: ZEE, THE. 5T Zernike FEMRIC BRI THENE S5, 2017, 7(3): 215-224.
https://doi.org/10.12677/csa.2017.73027



http://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2017.73027
https://doi.org/10.12677/csa.2017.73027
http://www.hanspub.org

i, EHE

PR EQBE B4 B BB RO, B B KIRAR B R ATRNNDVEEAT 702K ISR+ ROt BR
SATR K ZIRFERROFR, IRTERVEERFREFOSEN. AT ENEBRENT
X, MREXMHEERFREALM, M T zernike 5N HIEREGRNFEEFR&XERER. 544
RILBPRHEIREU S IEAH L, B FE8EIESE Mzernikefi & & L FEMRALAR T I, B A S BAREART M.
AN SR, RGNS Jef UL TPIRIEEE, T zernike B HKIRFAESRE 77 ¥4 ELLBP HAS I 2
REF.

KA
ZernikefE, EEMRKN, LBP, REREL

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

WA - B A ELAE R e B TR R B 2K, R — R FH IR 753 DU 1) B AR DX AR AIE ) b 2R
PIERIL[ 1] JE I R G WA TS AT DR AR K06 TREE A H M2 (M RS S M5 B, AR TFIRR
BH % Bl o6 HUBR S M BE I T 25 10 RS A . RIRBOE o — R B IR, R AR BB A
KT HIER[2]. BRI AL, O ERSE —Em, BB EysidiE. HibEH, %
FEHIEFE LA BN (00 L B gt 5 5 1AW bt sy 23 DK AR B 7 1) i R

FHARIOE 2 R T IR ST 1 F LhricRIr 23], EF 2004 4E, FEETHENEARIKE,
THENALE AR . BRI SR AR R 2RO 7 280 Fe it SeB 1 oG U I B 3 2 Al . %1
WCH 2t 7e, B E IS 1955 4F, Carl Stormer [4]JF8! 7 MG/ 260, BAROG 7 s IR 45
s TR HUA LA K IR R, SR IX = AN KRBT T AR RS> . 1964 4F, Akasofu [S]HHROGHE T
R NFRE Y R msE. VEATIRIA. ZREMIRE SRR, 1999 45, Hu [6 K6 N EA F LR
SRR . ARG BOGTEIR DA K i) H ARG IR U AN RSk AT 4 . R B K073,
Syrjasuo 1 Donovan [7] [8] [9]%8 A UL K Wang [ 10156 NERSEHL T X EUE I EH 39595 2004 4, Syrjisuo
[7] [11]5 AR R AR S ARG A OCHAT T H BN R AR o MR 53 A3 (Auroral arcs),
BEH R (Patchy auroras) FlKICKAllI(Omega-bands) . 1% LR 57 AR A2 7EAR G EUSAS I 1) 244t 2 1, 2002 4 Syrjdsuo
F1 Donovan [ 1217 KNN 432888528 T8 OB 28, R3] T B R FIAEE R 90%, FEigH —MThig LR
WINHISE, 2012 4, Syrjdsuo [13]50 AT GREEAFAE[ 14]. SCHRFFIE[10] [14] [15] [16] R EEA KR
TE[1 7148 BEXT RS R ARSI, ST T B I B Bk, Horb, B TSriRHER) LBP I VERAS T
AN BRI R o AR P 2 g A 72, E UG e B I DB R Ol N 25 SRt B B R % .

N T PE RO BURTE NN, | e . P IR A ISR, SCESRH T —Fh g T BUE 1) Zernike 46 (1)
BRI 1) 774 o TS IEAS 1) Zernike H 2 58 UIEMALKR T I, BULAR S BA e AR, @il s
FW, LE UG IR 7S e dE DL T e 5, 6T Zernike S AOHFAESREL 7 L LBP [18] IR0 R SR 4

1.1. Zernike fB451E

1.1.1. Zernike %B[19]
X T RAAR RIS TR R £ (r,0) 5 e [ 1 ) Zernike HEE M-


http://creativecommons.org/licenses/by/4.0/

P, EHE

”:1.[02“.[; [an (rsH)J*f(F,H)rdrdH 0

Hep, n=0,1,005 1=0,41L, Hn-|l| HEEL |l|<n.

Anl =

1.1.2. Zernike 3EB9IE 3T &
Zernike £ Ui\,

Fa(r0)= R ()¢ o
RIEF R o + 7 <1 RIERH MR ER I, R TR, A
[ L[V (0)] Vo (r,0) rdrd6 :%5%5” o)
AR Z IR (R, (r)} 2
1
I an rdr = 2(n+1) 0, o
A E N
(nl)/2 ) (n _S)| .
R = —1 ¢ vn—2s _ B k
ul ; (-1) (n+|l| ] [n |]| ] k:‘; i, )
S 2 S 2 n=k=even

1.1.3. Zernike SERINEE T4 :
R4 Zernike FEHIE XX, WMRER f(r,0) KATER:, WHEMEI ¢, I HIE

BN g(r,0)=f(r,0+¢), Hnlr1EH Zernike HA:

_n+1

j“j[ L (r0)] g(r.0 rdrde_”“j“j[ )¢ ] 1 (r,0+¢)rdrdo ©)

Xﬂ:iﬁfﬂﬁ:ﬁﬁ?ﬁ%, WAH: 0=0+¢

8
Anl

= ’¢"+1j2“ [[Ru(r)e" ] 1 (r.0')rdrdo = " 4, (7)

t ER AT, 2T Zernike Hin UM NEEE R, 4
Z,=2,%xZ,, (1=012-) @®)
o T R ek AL (R RS, BN Zernike B AT LU EEHERE R ASSE, B Zernike M ELAT
Webt R At
1.1.4. RIEREYSZEIHE Zernike I [20]
S % TSR 9 RN
H
Rw4xr}:Hﬂg(ﬂ+(Hé+7§jRWZwr) )

Horb 3 SR HOE XWF

+H3(11+l—i-2)(n—l) (10)



Hy(n+l)(n-1+2)
4(1-1)

H, = +(1-2) (11)

—4(1-2)(1-3)
= i) (niva) (12

Bh EIS RAAE n=1 AR n—1 =2 WAL, /T n=1, n—1=28 2L F XA
=11
R, (r)=1" (13)
Hpn—1=2H/
R, (r)=nR,, (r)=(n=1)R, . (r) (14)

B EIRSC R ] DU A H o B 1 R SER M 2 0K, i EH Zernike 2B K Z,, BIMH,
FEHUH R (1) Zernike FEHFAEZ—AN AR, [MEMFIECHE n A1 HE

FIEARTT 0T LB OSR AT B A 42 2 15, AHEL T Direct. Belkasim, Prata, Kintenr PLJ
Coefficient 757%, EACTHE AR P IRE IR A, THERF TR, DRHACSESG R FI X A7V 1 55 Zernike £
iR, HEMHEE Zernike 4E4FE .

1.2. KNN ®3%

1.2.1. EENA

kAT oy SR b e (T B A ML S 27 ST B0 o e R R T B A RV R AR =2 1) F) B 8 VAT 0 2.
M BRI R— EATERFE S AR ) & AN AU EEA TP R Z 808 T8 — 250, NHZEEA
)& TIX N

1.2.2. EZEEERE

kAR SERTH RO IR T

1) S Al g, HEESIIGE T AT RS,

2) $RABKE: PEEBE BT kNIRRT 5, AR I A AR

3) oy MRIEIX kANEARA R E I, SRR %43

KNN BVE RO 5 kBRI G, kKN, r2REE R 5 2 M SR . k KK, JEARH AT RE
ALE R SRR, HRIRALE & — R T I GAE AR E T . SCop 4 P Y kNN S0 k8
1, BPER AR Ak R S I SR P T MG P RR PR B R N E, B % BB R T I SR R R
—2,  FH LS IARE BE f AR

2. HREEGEN

T BRI TAE T2 RARE & K AR AT N AR, XA 7200 O R e, i H 2R
P om . B B AR AL A R A 3R OO R SO R g N, BB M N AR IC i )5 7 DA AN RE T
SRR R AL BT R, P DA A ZERIE T — R BRI A R 8 SO R R T 12

LBP & — i ML 2 T R SO AR AR SR BN 7735, AEROE BRI _E e USRI RCR
E2, HEGIRA MRS LA™ E . ed 7R A R RS AT IE B AL B, FERIA] LBP SRHURHIE#EAT
IR, MR SHE R, SO AR H LT Zernike FE RIHRO EHGR I SEVEAME BA 1R 47 1) & PE A e
FeAARNE, FEDEBAC LS AT T BT AR



2.1. I EGEMEE

SO FRRAR o AR, IR RTIIRAE . I ZR A AN IR 4L 24 B 51 ARkt ) B RN T AR O 1 B
%o HAIZgEILE 1000 REHE, BEH 500 5kAHOGEEGA 500 sk oG EIE . A ILA 2000 5K
K&, B85 1000 5KA % EEAT 1000 5 ICHOE EIR  ASEES R FH 128 x 128 I EREAT BROG EHG AR,
HEERP BT

1) AUIZREESEBURE: XTYIZREE ) 1000 5K EHEHEEL Zernike FFAE -

2) WFRASEBCRAE : X R T BT UG R INE N %, 7 ZE AN e s | e AN
MORRER RS L BRFEAS R I FAASF & OO R/ INEEAT I 8, SR 5 6 HLHREN Zernike FF1E .

3) tFEAHRAMERE ol B Tk R S I T R BRI EE RS, T REEA
) G 2 1) (P AH AR

4) kNN 702 BN EANIEERS, &k —BONETEUE, SRS IRE & ok 2808 T 1028 Sk e T
Bt G B2, HE T 5E B ARSI o

Zernike FERFIE 7] B R DOLFE I8 K BIM 2 n (IR, SEI0R I X R/NA 128 x 128 BIMROEEIE
PEEL Zernike %6, 24 n= 158}, Zernike H K70 28360 BiA B .

22. KRERSHH

SIS RE R, B ISR A b i IR R B LBP A I LA Zernike FFAEIAE, SRJAKR
FHIRAE TRk B S5 N R AR T MR BR R BE S, FERIAT kNN SERE1T 7028, 78 kNN Sk, Bk
MEN 1o ZJE 20 BRI EE B R IR IR 5 L e LA R T g, PGS L PR ARFAE S BTV 19 7328
ROR, SEIZERIT .

2.2.1. fnMg

1) MM

XTI GRS 5 B PR LBP FFAE M &, DAK Zernike FHMHRFAE )&, FXFMIRAR Ao 475K &
QIR [RGB MR e 5, 2 G 4R LBP LA K Zernike H HUAFAE M, AR5 I SR ECH SR (1) 4E
FETH S AR SE Aok S 5 I Zhge b s M A AE ) B RR QG BE 25, )5 FIF KNN B9k k= 1 1ME
BT, SRR R 1 R,

SRIG R : TR WS IIBLER I 75 2 /T, LBP (43 8RR E23 100%, Zernike F 153 83N 95.25%
IR INARER I 75 2 J5 , LBP HFAESR B 73 S8 R0 R Bt 5 B G 2% B8 1) 306 )R R B, T Zernike FERFAESEELH) 73
FKAR TG IR WL, FEX RGN ER 75 5, Zernike FI 70 AR T4 .

2) g

T SRR 1 B8 5 BB EL LBP RFAE M &, LA Zernike HAUHFAE ML, P64 B 5K 1
GRINEE R 0, 5 ZEAFR R, 2 53R LBP PLK Zernike FEFIEFAE A &, 4R 5 A FH R B H Sk
RFAE T SR b g 5K SR 5 IR AR v BT RS AR AE o) = (R IR PR B, R kNN BiEd &k = 1
MEHEAT 2328, SEaegs Rl 2 Fios.

RIS EE AT LR, AERA AN e A 2 R, LBP (40 ISR EEL 100%, Zernike 5E 170 2R3 A
95.25%. Vs hNiE il 5 2 J5 , LBP [#)43S8URIGHE TR 50%, 1M Zernike 5K 70 RBRALAIREEA IR K.

FEFFIBAT A R SR, BINE e 2 5, I LBP 4R HRE 5 o A2 20 2K 50% R iR %k
W R TCORE R AE T HER, T BEEASEIR S5 TR, 2 i I ZREE R A AR RGO 1 B
HOIEEL T n ik BT ARER I EG, SRB0OX L EE K LBP RRAE A & BT B, 25 AR 1

)=



i, EHE

1.0 —=—BP
—e— Zernike

0.9 ]
0.8 —
07-
0.6 —
05-
04 —

0.3

Correct classification rate

0.2

0.1

0.0 -7t 1 r 1T r1r 11 1 " 1 " 11
0.00 002 004 006 008 010 0.12 0.14 0.16 0.18 0.0
salt & pepper noise with the density of v
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Figure 4. (a) LBP histogram of training set with n = 20; (b) LBP histogram after adding noise to test set when n =20
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