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Waterline Detection of Navigation Lock Images Based on Texture Feature Segmentation
GAO Nengjie, WANG Huaming
(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: To eliminate the effect of impurities adhered to the wall and debris floating on the water affecting the waterline detection of

navigation lock, this paper proposes a water level detection method based on texture feature segmentation. In light of the different
texture characteristics between the water and the wall of ship locks, Gabor wavelet transformation is used to extract the texture
feature of the ship lock image, the candidate points of waterline are collected and the RANSAC algorithm is applied to eliminate
outlier extraction waterline. To compare with the existing detection algorithms, the proposed algorithm can detect waterline with minor

errors less than 14 pixels.

Keywords: texture feature segmentation; Gabor wavelet; navigation waterline detection

0 3|5

TEATRTATIZ Fh A A0 DA 9 e 7K R BB 2R e I 4
G BEE KR AR R AT SR T B T, AR
AT, 3 AT N G e AR A R T R 2 KA
SRR RS, SRR T SMIU AR A 22 5 0, 328 21 1] 7] 7%
A P P AR R b 3 K A R EE A Y
ZRASE HH BB S K07 2 6 TR RS 1, 40 5 i JS e 4 400 A
AR o S RS A 22 Al DAL, i i K o2 00
SRR 2 A AT N — T BAG I PALEE 1D 7 I ) K3
PRI AR I T8 B e 2551

LTSS I KA AR D 268 FH 7K A7 A Sy, s L XA
v T AU RS SR AR R A L (EL R T PR AR
TR LR ) 2 SRR SR A RS A DR JE 2 ), - Bk
TA A RGN 7 AT AR BV A T UL Iy
I R R AL S 5 32 Bk b AR S R U B S R
A e AL AR 2 S IR B T, BT TRl K (S 2R AGr
AR SO T ] AL PR P A T A o K (S AS: D 5 Y O B

1 tHXI{E

UTARSR B AR BRI A4 T S AR D MR B 22 i 2 B
XHEEP TSI T FE o F2 200 B T GRHIE 5T DX
FEAELL R MG B 2 T W Tk

FT R 74 : KONG X Y ZP R T
Haar /)N AR (9 550 0 e 2R A TG0, VA 42 AU 1
HRBIHIXTRIS, GUIY %65 42 3L T2y 2205 B A
LA AR UG R[] X35k 9 288 8] O 25 8 0 R 2R 1
DB WATHIENL SR R F RANSAC 55 5: X640 8 1 i 4
PRGN, e RS B HET YT 2 2. DEL PIZZO S %
P T A I 5 78 AL H G B B TR v LA
TR S P AANE RS, LU Z W S0 T
ROT JB4HR DI04 7K SRS, 388 3 1 1 7K A7 IX S A ot
WA R AT 25 /N KA T, SR 05 SR Al RANSAC
R HERR S DI, X2 WO K A TS e, LR
T AU BT B AR AR B T A N TR R 235 B T 1 £
BREEASAC/N | 5y A I AR AN 28 T 3th - 2%, (LA T 5% £ 766 o
V51t oK A B R, BG BEARbBR, AN R A
I T AR A

BT XA 9 A WEL Y J 450958 F S A ML/
REFT R R B S AR MR HEA T AR 38 SR AR EZTHE BR B 5%
RS I BH R XA S T e b AT 431, 4R 5 8 i Tl
£ S TE X KA AT AR, F I T ARAE U O A S B
EURI R B, SBOURMI L TR, LIANG D 417 #
— BT A ) T T R BB, T AR A A DL R R
G REIIEME 25 A, SR FH I R 5 2 R AR G 1 T
AT B X, F )5 SR A 0 4 S 0 it - T A TR
A, AR T KA 1 58 T 5 K T A7 78 22 9 LA S B S22 1Y

E—EF RN WA (1997—) , F TUHFEIN , B E BT A BEFE 05 ) N AR AL B

< 177 -



RS5ED - ET RN

« AT SR A A 2B 0 A IR B AR R A A O vk

SR | SR A DX IR A7 LA R A I 4 S B, A0 T
VR AN RGN

W2 2 7154 : STECCANELLA L %' i 1 36 F
LRG0 45 AR AR AR A, 38 A F K A RS
B A X W 28 W 26 0 TN GRS % K L EUREA T 431 I
X o BN EUGIAT T, B M e R T R AT B 1?75“/2%579
BT SHI A K LK, AHMAD T 277 3 i 75
ﬁﬁ%ﬁmmggizﬁ%mTﬂﬁﬁﬁwoﬁﬁm%
T2 G g v B AR I X R HtE AT 43 20 T A5 B R
JEHFLE T M ) T S RO AE | T R A I
IKAE G, TAERRER, AN3E R K7 ARG

FH T I K 7 (9 BREA2 Z , PR P vl ik 5 7K T 1
2 3 bR T B AE TS AR R, AR SR T —
Tob T S AR A 43360 ) A S R 325

2 KfIZiam
2.1 ETHEEBNAEEN

FH A5 I K T 57 24 9 B AR BT 5 2 % A S A6z
AT, FEUSIMK A LR R FS B EI0E A, RIb R

h=4, h=3

() h=6, h=5

B S EERS AT

2.2 SUIB4H{EIREN

A G PSS 0 S B G4 R 5], T3
S R 7 5 T AR 1K BRI, % T 5
KT 2 B ZE S0 3] S I T SO 400 7 v
A e AT AR

R Gabor NIk AL AL I 91
SCIASAEARI . Gabor HEWE R ML M-S 0 Al
USRI AP 09 P 6 — % Gabor 1602 %
A g, (=) 5 K

I, I W _ .
g..(2)= o~y o 112 112117=/20%) [e"‘u,u—e"’z/z] (2)

Kuw ﬁﬂﬂﬁ Gabor 1% PRELH) 5 VAR 2= (%,y) N
MGG 2 A s ARSCR 4 A7 (w=0,1,2,3) BY Gabor
b3 ROp S IVAREE STl F ey A=

M, (=M, *g,,(2) (3)
KM, AEEREEB M, (2) 5w RE o T
Gabor FFE . 38 X5 45 FHUE 585 B9 4 A>T [l 347 FRAE Al
G ARBIKAL Gabor WEPE EIME , TIAS I K AL 371 % X 38k A £

- 178 -

16 RGB EUE Xt B LBt (B AR R AT 432, 7E R
ARG 2% BE ) [R] I R 2 A 0 A e v B (o,
P RS S P RE S T RGB B4 v B FH L0 €6 (8 1Y)
1B RIAT /2, TERRAR MG T3 2 4% B 1 [] IR E MG
FRRRAE , PRI AS SR FH B (A% 100 O vk ok 2 B S 4 1L R
KA UG B A T 3R 2, LAREARK A I 5% Hp 20 %o 7K A A0
GREMR, AR R TO M 2 3 Bk (AL TO TR AT A S48
,\,ﬁﬁﬁﬁﬁi&ﬁ@@ﬁﬁﬁé
iiﬂ@@lﬂ,%?mﬁﬁﬁﬁﬁi@ﬁ Ly AR Wi
SH

ic( (p: =p) )w(pi)p[
M (p) = o -p (D
) ( )w(Pi)
Arpp HER L, 1%?5901%?{5 WRBB h=(h_h,),

WIZS (A SE SR h, SBEH TES R h, o B 1 FR R ANIE
WSRO PHEIR AL PREE R S B R R BOKAALE
Bk 280 /NS EGE M R B AT SOMRRAE B B
SRAIESY E 5 KA RS RS KA R SCRAE L LA ARIETE
SO AR UG v f3E T, IRZE B h = 6,h, =5,

() h=8, h=5 (e) h=8, h=T ® h=10, h=7

HURFE IR 2(b) Pl TR

(a) JFE (b) GaborJlEJZ ¥l

&l 2 /KA Gabor JEJ

2.3 JK{IZeiREX

BEGHEBUR ZCRAE B AT KA — fEAL A BT 2 P4
BB, o MRS, 2K A7 2 S 355 18 -5 K 1T 52 FRAL



-BS58K -

BReA,F - A THESIES

ki

F) 0 A 17 B A ARAL A T

TG, N K (2O AR, AR SCR T RANSAC
SR AT KA R AR B A EG B, AR 1k
TR foerh s pOR A LB AN 3 B 7R, AR MN 2
HEBRT A5 (2205 JE R R Bk

y

0

=y

El 3 RANSAC Bik$LH

BGEHBRIEUT , A n A UG Y AR AR B E

H () (21,2, ,0) o 58 UMK AZRRY HE DT RE R
y=ax+b (4)

K :a b EENATTEDATES, RN Z3eny

X BEL a b ATOAAG T, IR 7R

n

2 Ly = (ax, +b))* =0 (5)
WZHCa b FRIAAGHE
v Ky~ (Xx) (Xy)
KX - (Xw)
)3 )y )

y (2D (Xr) = (Xx)( Xxy)
KCYa) = (X))

AR b AR SRR 2 AU A Ak B B R AT
R, 45 BRGNS FANTE 4 FT7R

2.4 KfLHEMEE RS

/NG A TR 0 52 2 B A s MR B A TN 2, DA
i ] 2K A P R IBOR /N R 600x 1 200 RS HE A7 7K A2 A
WIE 4 Jos B o 2O SRR L 2k B2 AR SRR R
ML, 6 R SCHR [ 2 ] SR 4L, 2060 SCHR [ 4 ] 4G
D2 (AT L ELR, AHOCRE [R5 M VEE ) o A7 #r
ST INESR A SCRA R 0, A KA ERE D,
SIA T AT AR OK LRI YT L, MR 2E 6, LA
FLERE D, WRIK TN
{0 rrrrr = ‘ 061 =Operen ‘ (7
D,..=|De-D
s O, e SEBR A R KL 2k A B 5 0,,,,,, 2 B3 T AGL I /K 32
RABE 5 Doy FEPRMR IR K AL 0 55 Dy S AT
IRPLER A o B X L anER 1,38 2 s,
4i5FR 1382 5 4T B TKAEHR I bk,
KA AR 358 s 953058 L B R A i g 7k R 2 % I, 3k 6
XSS S A 50, P 4(a) Pl THE AR AT H0R
YRR LA B PG B2 R A AR 52 ), S S5O 0 114
SCHRL 2] SCHIR 4] 503 Ao G I 45 532 15 52 s 7K o 2k 1) B 5
P 22 BT P 4 (b)) R v AR AT B S A 2 Moy
ik, FHOCHR[ 2] SCHR [ 4] &8 R i 22 880K, i A SC7 v
ARG b 8 Ok K T 22 18] B S 1) 0 B 22 S R AT 4G

Detect ‘

Pl 4(c) o THERRTE A L VERHIE S BOCHK 2] k4
IMZE SRR ZEAR s -5 7K A 42 i 14 T DX A ) A
JEARA , S EOCCHR 4 ) SR A I 45 2R A W % ; 181 4(d)
H TR AR BE A ML/, SCHR [ 4 ] 5 4R SCO7 A6 D 45 SR AH 22
BN AR THS AR P A AR TS B B A S G, 2L
SCHR[ 2] SRS AS R R 25 AR R i b RS xt FEaT
AR 7 BABGRIEPENE IDE/IN T 14 MR,

| s 71T

BL e L

(a)

(d)
SV v ivalll oS

F1OMERERE 6., A (0)
A 2] AR 4] ESS
K 0o

aDelecl Oeror 0De|ec| oel'mr ODelect Henm
El4(a) 057 0.95 0.38 0 0.57  -0.38 095
[ 4(b) 0 0 0 0.15 0.15  -0.095 0.095
Kl4(c) -038 -057 019 -6.65 627 -048 0.10
E4(d) 0.67 5.33 4.66 0.95 0.28 133 0.66

- 179 -



-BE58%k - B E - T SOR AR B 64 A% IR B AR KA A ik

#2 POfERERZE D,

Pl 31 3Tk 2] SCHk[4] AL
B 4(a) 661 667 5
Kl 4(b) 659 78 1.5
K 4(c) 857 23.5 0
Kl 4(d) 579.5 8.5 13.5
3 4iE

X i ) A7 LA T A | A S o T3 43 )

FRI AR o] K L AS I 0 | T o) PR R K L R B0, 0K

LG '] R4 48 Ry 5T U AR 43 8 5] AT X A9 T K A3

PEZ b A 5 K T 22 () A SR AR R R T 40381

E TR P AR KA i 0 S 4 A P K o2 M, 7E ' IR A

HFERMPI T | SCIE A SO H B T SRR

S 18 A ) A S AN 75 ¥ FLAT BB R R (ELX RO I

AR BT ERIE T BRI K2 PSR, BT 8 7K S A 7 3 A

RORA: . — T T ARG R 52 R8T i i) 7K AL P45 4

KT b ) LA AR AR5 5 53— 5 T i o) 7K Ao 1] 45 5 1

EK A SRR (5 Sl b NI 7ER R B BFFE 6

T S AT 5 A A R S PR A B A 45 5 0 I K £

A fr — A5 5 1]

SE Lk

(1] 5K3CE. VR AL A I 7K A2 W I R 42 e e B FH [T ). VA i,
2020(3) :29-30.

[2] KONG X Y, LIU L, QIAN Y S, et al. Automatic detection of sea—
sky horizon line and small targets in maritime infrared imagery[ ] ].
Infrared Physics & Technology,2016,76.185-199.

[3] GUIY,LIN D S,LIANG S J, et al. A coarse—to—fine horizon

detection method based on between —class variance [ C]//2016

- 180 -

9th International Symposium on Computational Intelligence and
Design (ISCID). Hangzhou,China: IEEE,2016:376-380.

[4] DEL PIZZO S, GAGLIONE S, ANGRISANO A, et al. Reliable
vessel attitude estimation by wide angle camera [ J .
Measurement , 2018 ,127.314-324.

[5] LIUZ W, LUD M, QIAN WX, et al. A method for restraining

gyroscope drift using horizon detection in infrared video [ J].

Infrared Physics & Technology,2019,101;1-12.

WEI'Y J, DUAN X Y,HE Y Q. Waterlineseparation in optical

images with heavy complicated shadows [ C]//2017 IEEE 7th

—
=)}
[

Annual International Conference on CYBER Technology in
Automation, Control , andIntelligent Systems. Honolulu, HI, USA ;
[EEE,2017.237-242.

[7] LIANG D, LIANG Y. Horizon detection from electro — optical
sensors under maritime environment[ J]. IEEE Transactions on
Instrumentation and Measurement,2020,69( 1) :45-53.

[8] STECCANELLA L,BLOISI D D,CASTELLINIA et al. Waterline

o

and obstacle detection in images from low—cost autonomous boats

for environmental monitoring [ J ]. Robotics and Autonomous
Systems, 2020, 124 :103346.

[9] AHMAD T, BEBIS G, NICOLESCU M, el al. Horizon line
detection using supervised learning and edge cues[ J]. Computer
Vision and Image Understanding,2020,191,102879.

[10] COMANICIU D,MEER P. Meanshift: a robust approach toward
feature space analysis [ J ]. IEEE Transactions on Pattern
Analysisand Machine Intelligence,2002,24(5) :603-619.

[11] LIU Y,LIU G D,LIU C Y, et al. A novel color — texture
descriptor based on local histograms for image segmentation[ ] ].
IEEE Access,2019(7) :160683-160695.

[12] FISCHLER M A,BOLLES R C. Random sample consensus: a
paradigm for model fitting with applications to image analysis
and automated cartography[ J]. Commununications of the ACM,

1981,24(6) :381-395.

I Fs H#A.2021 - 10 - 28



