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Annotation Method of UAV Remote Sensing Images Based on
Proposed Live— Wire Algorithm

CUI Hongxia, CHEN Lijun, ZHAO Haogang
(Department of Information Science and Technology, Bohai University, Jinzhou 121010, China)

Abstract: Sample annotation is the key step in the applications of deep learning. In order to solve labeling problems of typical
ground objects in UAV remote sensing images caused by the complex motion of UAV platform, insufficient illumination and complexi-
ty of object contours. In this paper, an improved live— wire algorithm was proposed and applied into image annotation of typical ob-
jects in UAV remote sensing images. The traditional Pal— King fuzzy edge detection method was improved by proposing a fuzzy mem-
bership function to overcome defects in gray coverage of traditional PAL — King membership function and the double threshold method
was used to extract edge points. Moreover, the proposed fuzzy edge detection method was used to replace the Laplace edge detection
algorithm in traditional live— wire method. The cost function was further optimized by increasing change characteristics of gradient
amplitude between nodes to improve performance and continuity of edge detection and contour tracking. A large number of experi-
ments show that the proposed method can detect and track object contours of UAV images with higher robustness and efficiency than
that of traditional methods.

Keywords: sample annotation; contour extraction; Live— Wire; Pal— King fuzzy membership; deep learning

0 5|5

W N TR RE R R i & . W S R R R A 3
i VR ST A IO P 2 SRR . FE VR R I Rk P, KRR
BT T R L5 0 5 U0 A I B B E . HORT. 3B R
PEFRVE DT B E AR MBI — KR T A T3 H B
bR, FEMABSRMAELRE LR, 55— A sh B
BREE DT WK 4 N AR — Bl T 2R 1) £ A 4 2
(R 1 ShARTEAE S, 78 ML RE Rl b 4 — b 3 0L g 2
> 1) 2 7R ) 22 bR 25 R i B Sk

AR, E SR AR OBT — 0 A TR 5K
PR, N TRR VR 7 TR BE 27 3 19 45847 SR S 0 A ] 2 9 5 4

Wi BAHE:2021-02-03; {&EHEHI:2021 -03-15,

HG, BT 2 975 R 80 B R 28 HAR TE T, labelme™
PAJZ labelimg™ . DLH P22 HIEMG #0720, ¥ — ik B R
HE HARPI A k. B P a2 R A
TR AOPR T A A R H AR X 2 I Tk, 1S T
05BN F AR 8 4R BORIAR 1 5 HOXS T 3 B B ML
FLAR M HAs X dk . AHL A B R 0 B AF e TARROR, #2
JER A5 AN HEF Y MRS

HAT. AWLEC B0 AR #3 L 7 P RS, — 280
EFFEERRERL T SR A B D e T A A
4 77 1) 2 A e 2 BLAR g AR SR B b, SE R E. X
RELTG 2 h v e p e B, B T 0l B 2% H AR AR

EE TR - ARG 2R 5 3 Bk 5s )65 8 SR 5 58 9 % P 00 5 46 G B (2020 — 02— 04) 5 1L T A BE T =i KT H

(202000204) ,
EEB A LT 969, &, LT

N L5 B 2228 T T B 2 3 ORI TR JEE 2 > 7 1) B AT 52

i
SRR LR BRm R B R BT I Live— Wire 535 10 T8 AALIE B R LT 1. i B LI B 5 #5H0 . 2021,29(9) . 182 - 186.

BB M www. jsjclykz. com



59 W HELLE,

G BT UG Live— Wire 5574 B T A HLIE B B3 1T - 183 -

SYEIZERAERGER B EOR: 55— KA LTI EE
FRELTENY B AR R AN B 3 A 46 e B R K RE R
Jra, TR A Ay B R AL R R ORI B, WA AR
TR AL i B, Live — wire 527k & — Fh 4 B 3
B EAYRA L. B Eric N. Mortensen™™ 2 A3, &
2 M A AR A v, Sk [14] B 5L T BSP Fish
25 B3 9 RS 2 S X 1 i, i SCOK s ) 4y
FIRAGASA MR Tk, W B AR XS
ORI, PRIEGS R R e, SCEk (150 BT TR Bl
B Live— Wire 58 B 204y BEF AR, 3l 23 35 F 5 2 B oo 31
4 BB Live— Wire 28 B 22 i X Fhopr i RIE k. 431,
T MESRAES BURE . A Tk Rl O T O, R RS T
AT I fife Ry 5 O kA s [ 4 2% B
Xt TR B0 LA W . (e M L s Y H AR . SCiEk (16 - 17
(477 35 T AR A L A 0 I 8028 s R I8 A HL 32 SRR 141 14 L
fiK. ARIYDRZ I BN, L5101 Live— wire 5%
A AS R U b 7 st i . AR SOK 58 B K Live — wire
BRI G AR S AR AR I, B Bk Pal— King™'™"
BR300 Gk I 7 2 LA B AR Ak Live — wire B35 AR 4 R $ 1) Jr
5 AR R M 0 B R RS B R AR IRl KR AR A
o T S 56 6 U AR S 9
1 &5 live—wire W AN ZEEG S EIFE
58 Live— Wire S35 2 ¥ A R B 1L — > INAUA )
B B AR R N E R AT A, IR A A
PR T A AR (B, AH SRR R Z A — 2 AU i, 7
AR R SR G B R A A s A
Rl 3 3 P T o G 2 AD A e B A, WS 2 TR ) B
BEAR AR AR 30 L. HOC AR TR M R B TR R
BEAR A B
1.1 KRMEHHEL
R RETH R A 2R, BT R Bk B AR AR
WENGEEA BV R, DGR S R R A, C
YRR (o 75 J5 0 A 1 B R 25 ) T 9 s T X B8R %
BRiN% . PG, JREs o R W B SRR .
x (D FimR:
L(p,q) = wif (@) +wefc (@ +wpfp(p.q) (@D)
He: phg 0 8ARIRNARLE S, £, (@ FPE I
Wi XEEE fo (@ HBRELSBEME. o (b, © FE
FAMET I, wye wes wp HEUE, HHESCHER [12] Frig
T, B IBEE S 0,43, 0.43, 0, 14:
PRI XE R f2 (@ A (2) PR
‘ 0 il L(p=0
Sl = (1 i I(9) %0 )
Hob: I (o) BEURAR R S g MR R, BHR i
WP B A S xR R (N BB IR, RER
G BB A BAR R /AR e
18R R A -

L1 GRS sy D7 TR BORE L . DUIBR BE WA G A
A B Fim: BREEMRMDEOR . 104 SRR E T 2 . g% AR A
Pl 4 fo Az (D FioR.

G= JI)+1} (3)
. _ max(G) —G _ G
fo= max(G) ! max(G) b

Horhs GO R S BEIRAE . max(G) AR s 4RI 4
AT R EIRE R AL 5 g 2 p AR fo() = fos
g p KT EIEELB AN fo() = fo/ V2,

B R WML AU

B EETT AR oR BOR 2 P PR T 30 522 Al T 21
Ao e B R AU . s (5) P

Folprg) = é%{acos[dp(p,q>]4—acos[dq<p,q>]> )

Aid,(psq) =D (p) e Lo, ysd,(prq) =D (@)« L.,
D'(p) =, (p),—1,(p);D' (@) = (¢, —1,())
1 q—psif D'(p)e(qg—p) =0

lp—ql (p—q;ztf D (p)« (g—p) <0

Hr: || p—qll TwRTZE BWA 0 52207 7 fH
T Lo L(p) L( T.( 535K pog & xsy J7 Tl b
B poq S HERIR p g S AR R )
1.2 REERAE

f4t Live—wire k&G AW LT, #iE I h A+
A5 IR R R B 45 b P Dijkstra 2 AR B R, L
FG 8 4RI N I A 14 23 5 B R T 4 seed point 9 F /MR A
BRI E T — NG F A AN EERMF S, &
BT E/MUM AR R, ZREE U LA, AR
BHAR RIS E L ;. AT ERENRN SLERRIER %
VIR, DGR IE R 2 iR R A, RO AR, B AR fe BT
NG RREH . R Dijkstra $0357 Y 0047 /MU B 1218 R
R E 1 pros .

TSI LA

BERALELT(f B A
A I/ B IR TR g

BN
BT A q?

K 1 Dijkstra 52K

BB M www. jsjclykz. com



.« 184 - P A 5 45

529 &

2 M EY Live—wire M4 5 BR4R BN 77 %

RGN Live— wire J7 35 Q0 bR B0 36 T 301 4 SRR AE
G 5B B WRE B R AR . T A =2 A B BE O 1) R A Ak 4
fEET ZRAT B E B, SRR Em, JEAL
IR ER N 2 RN B . A5 S8 R0 R T B R
FKEGH RGNS, K5 FEBOAG AN ES L R4,
PR G 20 AR SOOI BRI i A TS O i AR Live
— Wire S35 W IR0 i B 28 XF SN &80 55— 7 TH
Li‘ﬂﬂwlﬁZIEﬂﬁffﬁm{EH’J SLRRAE AL A R B, 1R
S PR R R i L T
2.1 EFpi#t PAL—King B X H A 4RE

Pal F1 King #2 H BRI %, R Pal F35" 0 & 56 T4
T EEE I BRI B vk . R 32 R AU W A R
BRI S0 I 15 e S 0 A4S 4 [A) . R R ASE A s I Y B 0E B
B RAR D G M5 2 K B RO X FE R, PR A A e s B
DR R 0F 24 (1) 380 (BT 45 s ) 30 0 6 e 7 s () 3 P9 AN 75 3 2ot
ALY “min” B} “max” BT LA LKRW. W RES
Pal 512 5% i J3 ek 80T ¢ HLJE R HhoRe 2 22 18 IR 8 B9 10 #l
e, A SR R R 1 S B0k B IR Bt R,
BEALPE K S5 [ 8, A SCHHE T AR50 Pal — King BOMI 1 2 4
MW, HARSTERARNR .

1) 7 SCHT Y SR8 BT R L

Flz;) = og;(l-l—(

) ) ©

Hr: 2 <2y < T s Toun fmid\f FER 5 2 KK
BEH; & P;=F (x,), P; WEWISEEME; F. > 2. B,
FEG )RR EEECY [0, 1] 384T Pal King Bk {H
WA (o, 1] (@002 S B R B (8 4 0 2 1) Hi) Ay 1) fa

2) Rl Otsu Bk B ASER 2 [A] 1458 J7 7%

TR GE iy Pal— King B8 1 45 A5 M1 25 8] 19 40 1) R (8 (U
B VR 0.5, /NTF 0.5 AYRERI SR IR B 4 7R 4 jﬂﬁo 5
HOASRISRE Ja B B A, DA SE A M 2 ) AR R MR s .
SEMRkAE St Pal —King [&5E 43 #1 B R R BEALIG R D22, A
LA Otsu B3 56 2K B EIMR 25 1R 3 o5 A3 2 %) R ., JF i3
R 2 [ Pl P, = F(a) 5 3F— 4 SURHIH 38 2 70

A (D
_p, 2P, —P,* — Pe
T,(P,) = +/# 0
;H\:E'ji %Og ,,<PMJ”JJa:1,/):0;4"5PF<P,J<1,

Ma=0,b=1,

FIA (8) #HATEBE .

P, =T (P;,)=T/(T_(P))r=1,2,3 ®

— B B3,

3) BERNRFAE 23 ) e S e 4% s Tel . o P A AR
PAFBWI I SRS M EARIR R P/, MKEME R 2/, ik (D
FR -

2, =GP ) = 2o+ (T — 2 2PV — 1DHVE]
€D

S50 B EEBUBI R L, BRIBUBER B B S 1 1 Rk 2%
%?E, *&ﬁ“f (D AR RBEE—T: =X (10) JF
Ny A low high B K EEE J5 B e it 5 vk B 3 HBOM AR
R LA B e A ¢, SR BR B, ¢, TSR 8 SR
EEBRR A EMN.
f2(q) = 1,¢, > high || t, > high;f;(@) = 0,if 1, <low

(10)

25 by I SR RO 0 2 R O 5 9 R Live — Wire
B P R I AT U S G AR E, M S b
WS R MR AR IE SR U R 2
2.2 RUBHRMHEE

AR A B EC -

L(p:@) = wf () +wefe(@) +wpfp(p:q) +wrfr(psq@
1D

Hr, w,, we s wp» wr WIECHE [12] &M 0. 35,
0.35, 0.15, 0.15,

()« fol@) + folpsg Al as (100, (. (5)
s Rl P R W s R LA, RESAHEME. &
RRBBET I T HE— 20 1) g gk 5 B O i 2 1 O 4
PRI G B I P B Sl A G B R A R AE R AR

AL fr(paq) FoR TR pog Z )R BE R (22 AL R
Ak, g T ECH p TR AREUNR R A IR R pag MR EE I
AR ZL, fr(pa) BN, BERMBADN, RZEK.
AR fr(po M (12) Fis:

fr(pag) = 1—1/e!o ] 12)

Hor: GOp) G 535 p M g IR B EERAE . 235

Jna (13):

Gp) = VL) + L .G = JI.(Q" +1,(q)°
(13)
3 XWHERESHW

PL 400 Wi 512 « 512 1R 2 J6 A\ L8 I 52 1R 1 st ) 4
() 100 18> R #il. #3%4niE T labelme, f£%: Live
— Wire J5 i 1A SCHT IR 7 43 il e ok ik 1, 10, TO0; A
FH 3 FhO5 ik o AT TE MR B R RBE . @& H. K
T RAIEY 4 B A R bR . Al 3~6 iR, La-
bel FrE T Hl i 2 908 38 30T i % . H i 4 BOWRS B AN L%
SERRE TR B 2% i N TH#AE. 44 Live— Wire
J5 3 I ) R 5 B A o AR IR TE L R S A M R4
BN BRI T ik AL IR B Y 5 B, EI &S
JE DL B R B F AR TR, (AT Live — wire BIL 1)
WETRERZHANTREH., FFENGART R, W EX
AR O . X I AE S Live — wire %5, I I 80 1Y)
Live— wire 859 i % J30 $2 I 1 31 2% 7 Wi H 48 U5 B 52 R 0
AN, FEERAREL) A S AL TRAE R

N VRN R AR BR R R R AR, A BIR s 1T
Ik ML E 4RI (o ) 400 g b W) 1 B P HE . 1155

BB M www. jsjclykz. com



%9

BLLRE, % BTG Live— Wire 553k 9 Jo A HLIE EGY 545 T - 185 -

BRMYAREERM P RZE, NE 1R L5 Live—
wire FEyE A SRR AR, JLAR 1 52 A 3 IO R AE 5 19 5%
WAL RRfE M 28 . AR SCRCHE I O T B RE AR B T I AR A 1
A bR S . BANAE 2 WL EL, T hR 3 Bk 0 i
Zr i A4 HE.

Uku = \/n—lzl(Sk'w’m

ﬁ*wmﬁﬁhk—&@ﬁﬁ%%%w%uwﬂ,&
3, 4, IRUCHERER L. EHY . KK, RAEYD REA
PRIE IR ZE MBI s s, AR L AFEA n (0 = 10) IEZER Y
B IR AT AR . 9 L= 1,2..100) DREAY j(G =
1,200 n) IRERICHY S P X8l iy T AR

HWHMREERG T AL, WE 2 fia, gitEh
GREINELE . TR, MR 0 i S Y 7 2 7
SR . FIBGH B Live — Wire B 58 iU $6 BE $2
B, B B0y ) M A E T AT A, A A iR RS
KB ESY, UATHE RIESJER) R,
5 R HARPR I .

7§k.w,l./)2 (14

(a) JRUh P £
B2 LG R BT A A0 R A A 1

(b) fe 4t 75 1k (c) Bt Jr ik

# 1 Jik WAy ik T REAS fn i e f 4 20

5 M(pixe) | J5 3 MICpixeD
X 35 . —
bR 22 o 2
B 37.019 7.500
;Y 53.546 3.210
7K 5k 30. 007 2.760
FH 3t 3.540 2.510

(a)ﬁ#"‘.’& (b) Labelme (c) %%lee Wire

(d) B iLive-wire (e) fR&EHR
B3 #REEHUREAS R R AR X H
4 HRIE

B 10 i A 2 T = > Rl R o o BETRL 1Y G i AP 0K
FEXIE o B RS AR S O SO TR L

(o) ELLATRR

(b) Labelme%ﬂl (c)f&4iLive-VWire

,5' n

(&) FrEEHR

(d) Eii{*iﬂ‘]hve wire
4 SRR SRR AR R L

(a) E#ﬁ@ﬁ (b)Labelme (c)f£4iLive-Wire (d) ik fKLive-wire

(e) FrEEHITE
B5 KRR AR B T X L

(a) IR E B

(b) Labelme

(c)f4%iLive-Wire (d) MBkfILive-wire
| 4

(e) 3HIF
P 6 B A S W AR TEXT HE

BB R Bl REAE AR I e 0 R, e
M) Live—wire 2 B 3l 4% B $2 HOR L . 48 i s Gk SR By 3%
ZEME. BUMEMERICT MR . T e, JE O O BRI SRR B R AL
SR T Pal—King s J& ok B0 A] g By 0K B84 15 25 RS 2 09 BB
FEEE A RBE 7 L A G R B, LS Pal — King
AR 30 A 5 76 3 X Live — Wire 5035 19 B8 iz 37 i 2%
PO E . FLWk, 38 G0 S Z ) B O 1 0 AR A R AE
AL BB, LIRS Live— Wire 243 1 48 J B 155 1Y ¥ &
e X HSEIRUEN] . A SCHRIR Y Jr i (B s TID 248
M Live— Wire J5ik (FR 7k 1D Y56 80 SRR 1 30 2 5 &
JE B S AR AR T2 e AR TE L A (Labelme, Labe-

Img) . (A SCH A T5 i W R v A0 A 3 A0 e BE AL T 4% ZE i)

#FE M : www. jsjclykz. com



.+ 186 - P A 5 45

529 &

Live—Wire 4% 5 $2 ORI BR B8 07 i . FIRTZ 5 vk . BUH 411E
TEEAT T AR 25 18 B 15 W ke AR 4R AR AS b i AR 1
e .

S &3k

(1] % #, EBUE. X@RE, & Btk rRgg U1 %0
4k, 2020, 31 (2): 302 -320.

(2] 3k W, 8 R, BUKE. — B ER A bR
Jrdk (1), A S & . 2015, (9): 2135 -2144.

[3] RUSSELL B C, TORRALBA A, MURPHY K P, et al. La-
belMe: A Database and Web— Based Tool for Image Annotation
[J]. International Journal of Computer Vision, 2008, 77 (1 -
3), 157 -173.

(4]0 . ¥ . 2 0. ZEF YOLOv3 e AHLSUIN 5 5 fir
BEE L] JERHE 25 4, 2020, 42 (4): 463 - 468,

[5] XU&HMF, # kst 454 Retinex B IE M 2 19 3 3 % 5 KR
syl [J]. e K% TR, 2019, 27 (7). 1593 - 1600

[6] HOU Y Q, Hu H W, ZHAO F J, et al. Influence of Active
Shape Model Segmentation Method on Optical Reconstruc— tion
[J]. Acta Optica Sinica, 2018, 38 (2): 21 - 100.

(7] Mg, MFBZE, HAka. 36T XIIR G T o 6 B AL 1) b5 2%
Bgsr# [T, THRHLRNE, 2016, 43 (4): 303 -307.

(8] M TAL. W4 —. £ . % HETBEXS#SEBEINT
U LI TFEPLI a5, 2020, 28 (4): 196 - 199.
[9] CHENG D, He S, Shi D, et al. The Level Set MethodBased on
Bregman Divergence and RSF Model for Image Segmentation
[J]. Journal of Harbin Institute of Technology, 2018, 50 (5):

52 -59.

[10] skm B, & 28, 3¢ Jo, % BETHASERMRABINER
FOTR G S Bk Mg R HE e [l (3530 [T, s R0,
2018, 25 (2). 315-330

(1] 8 &, WA, 2= B B E SO S I8 4 i & 204 R
s L] W R¥¥Mm CHARB ¥, 2019, 59 (2):
66 -71.

[12] MORTENSEN E N, MORSE B S, BARRETT W A, et al. A-
daptive boundary detection using live— wire” two— dimension-
al dynamic programming [ C] // Computers in Cardiology.
IEEE, 1992.

[13] MA J F, HOU K, BAO S L, et al. A new level set model for
cell image segmentation [ J]. Chinese Physics B, 2011, 20
(2): 568 —574.

[14] £ #, Br 5. ST BSP 22 ¥R IR 52 380k X &1
gy LI]. FFREHLM IS, 2015 (11): 3259 —3263.

[15] SUMMA B, FARAJ N, LICORISH C, et al. Flexible Live—
Wire; Image Segmentation with Floating Anchors [J]. Com-
puter Graphics Forum, 2018, 37 (2). 321 -328.

[16] CREPALDI M, BARCELLONA A, ZINI G, et al. Live Wire
— A Low — Complexity Body Channel Communication System
for Landmark Identification [J]. IEEE Transactions on Emer-

ging Topics in Computing, 2020 (99). 1.

[17] HANIF A, DEVOTO D, KHAN F. Bond Wire Damage De-
tection and SOH Estimation of a Dual — Pack IGBT Power
Module Using Active Power Cycling and Reflectometry []].
IEEE Transactions on Power Electronics, 2020. 35 (7). 6761
-6772.

(18] 2 42, skmy5. Mas. 1—Bit \NILH RS [J]. HiER
G, 2015 (4). 528 -532,

[19] PAL S K, KING R A. On edge detection of X—ray images u-
sing fuzzy sets [J]. Pattern Analysis and Machine Intelli-
gence, 1983 (1): 69 -77.

[20] gEm Py, AR, XIEEHE . 45, BT 57 UI d Mk ik Pal — King
B E g R R (V] SO 5t 7R, 2019,
56 (3): 115-121.

[21] DHIVYA R, PRAKASH R. Edge detection of satellite image
using fuzzy logic [J]. Cluster Computing, 2019, 22 (1) 1
- 8.

[22] BRZES, MM, B0 fF, 45, 3T 82 LS AL
B RSB E [, WAL, 2019, 39 (1). 136 -142
(23] XA F, XEH, REIC. 5. —FhSe i m s ng /% 8 X

s U1 BV VS, 2006 (6): 177 - 179.

[24] B 2. B30, INFEE. S5 ARBS NG LA 58 AL
AT AWM A [T, dFFPLINE S8R, 2019, 027 (7). 242
- 247,

[25] MORTENSEN E N. Intelligent Scissors for Image Composi-
tion [ C] // Proceedings of the 22nd annual conference on
Computer graphics and interactive techniques, ACM, 1995.

[26] ZHANG Y., SUY, YANG J, et al. When Dijkstra meets van-
ishing point: a stereo vision approach for road detection [J].
IEEE Transactions on Image Processing, 2018 (99): 1.

[27] 4% M, B0, RS, S5, HYSRI Gp B RRAE R A i 1L 3R
AR S N AR [T b E R EDE ). 2019, 024
(9): 1458 —1471.

(287 IS, xI4efh, wEoe, 5. BT8R Bl MR /9 B 3 7
UKF 803 K A LJ]. i SEPL 4 5 4 ), 2014, 022
(4) . 1205 -1208.

[297 BANDEIRA, AS Random Laplacian matrices and convex relaxa
— tions [ J]. Foundations of Computational Mathematics.
2015 1-35.

[30] HEiz. & WL, #iEZ. HT Canny 574K M0 FE
SEBAR ) AN AR SRR, 2018 (6): 39 -42.
[31] k0 » BB, BT Canny (4 F 38 I 2 Gk 59 0k K2 e AT

i [J]. HHEAR SRR, 2015, 25 (11 32-37.

[32] ZHANG D L, TANG Q B, Yu B H, et al. Nonsequential
double ionization of argon atom below the recollision threshold
[J]. Acta Physica Sinica, 2011, 60 (5): 680 —-691.

[33] M B %, tRvKER. FETIEMAERREM N PK—SVD ik rji g 75
pE (1. BE=UiRBI5 N Tk, 2014, 27 (1D 977 - 984,

[34] HUANG T K. A Bit— Stuffing Algorithm for Crosstalk Avoid-
ance in High Speed Buses [J]. IEEE Transactions on Comput-
ers, 2010, 64 (12). 3404 —3416.

BB M www. jsjclykz. com





