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Localization Algorithm Based on Corner Density Detection for Overlapping Mushroom Image
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Abstract: In automatic mushroom picking process, some influencing factors such as the presence of various backgrounds
in the image, the huge scale difference among different mushrooms especially in overlapping mushrooms, make it tough
to locate mushroom. In order to improve the target location accuracy, a new method of comple{background suppression
based on Harris corner detection was put forward. In view of the scale differences among overlapping mushrooms, an
iterative algorithm for seeking extreme points of distance map was_ﬁroposed. These extreme points were used as seeds in
the Watershed algorithm for the segmentation of.everlapping mushrooms. Finally, the segmented image for each
overlapping mushroom was processed with thesmethod of elliptical fitting to get the contours and center coordinate of
individual mushroom. In order, to ve"rif;k/ the algorithms proposed in this study, an experiment was conducted over the
mushrooms grown in the lab. The test results reveal that the location detection success rate is 86.3%. The average image
processing time is 0.711 s that is aligned with the requirement of the automatic mushroom picking system.

Key words: automatic mushroom picking system; texture features; overlapping segmentation; labeling Watershed

20 tH42 60 AR, EEFHLIFE T ARAAEIALZE A Wgs, N 5 BEE P UR A ER; 1987 E3EE Y
(IR 5T, 1977 4E Pamsh F1 GokSel™ #F 5t Hi 1 {H 5 55 Whittaker 257 $2 H 1 {3 F] Hough 28 #5517 2 i S 52
— AR HIRA RS, 4 E AP e {9771 2009 4E H 4% ] Ranjendra Peter 1 Kondo Naoshi™

O HEETH: FHEARBIAHES (51575277)
WA E]: 2017-08-21; 45 B [H]: 2017-09-06; SR FH I [A]: 2017-09-11; csa 7548 H AR H]: 2018-04-23

Software TechniquesAlgorithm FPF4i AR %% 119

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/6320.html
http://www.c-s-a.org.cn/1003-3254/6320.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.006320
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20184F 55274 5

WEFEH T A T A UOGR IR LS A, T =
REHLRGE; 2010 45 HARPHE K Cui Y 2507
T AR X TR R 2 A KR LA A, LA
NN YT )R A, SR A A SRS R A
Y UBEINE S ES DA K= ¥ S VIR DR 5 4 e Sl e S 4
K2 ARt 7 R 5 — 5 BUTCR B HLAR A,
LA N AT 20 A6 1 PR s TR 52, 0 H L5 2
Goxh F b SRS HEAT 25 18] AR 3R 2016 4R Kk
SR T MR LSRN, ZHLE A CCD $i%
8 s Rk SR S B BT R 2R, SRR XERER I B (R
BEAT TAEAL . WK ph AR AL B, TR AR B
REGAIPERE . B S8 S BT

X BE 4 B SR A R G TT, SCRR[710 48 T B

TSR AR DA AR, 16 T 3T HOR i
ﬁmﬁﬁ%ﬁﬁ;@iﬁx%@gﬁ%ﬁﬁﬁﬁx
¥ Yt SRR L S Ry SO AL EE; SCRR[S] A
AR AT SO X R 1 AT B O AR
SR BB 3 T /0 M AR AR SC % RSB 1 PR B8 6 1) SR 4
SRR, BER T — B B0 R Gk, IR R A
Vel FEHR I T 4 P A 4 b B A ST
Harris £ /5 1075 55 38 5039 AR PR b 46 35 265 43 1 11
JRUBE 25 5 A S PRI MR £ 5 B

1 B4 R R S5
1.1 REERLERK
PR 4 [ 3 R4 R G R & 1 B, A

AT G MRS WATHH. BEIRARG DA

TR Kbl 31 & N DR HE N4, 2 e B
T RPUE . BEIR RGN HLE 24V A4 100000 mah
(85 3 MR, ATIAATHLIGS SR 560 DL J S 3T
Gk, I T R TR 24 /N TP B2
Koo S8, HUBCT RS LS5 4L sk, A 94 A
i, B XL Y Z T s RIS Z i e s sh i
R, 56 R DX IR 2 KA R AR, Hoh Z Bl e iz 3 58
S i <= A ) L 7 1T

M3 RS CCD 34 0L LED B 51695 K& 348
K e, Has il 2 fros. SR HLE 2 T 3088 1,
LED BEFSGIEAL T 3AZML— M, 75 B0 = T A8 LB
Sk, B RS SHEAUE A 2 HAEE Allied Vision
)47 1) Manta G032B ASG WO % 7 4544 41,

120 K ApF 4 AR H % Software TechniquesAlgorithm

2 SRS AR

1.2 &It

BHRGEHTIERSG. HELE RS H PLC 15
il ARG = K H k. 3% 2454 PLC REHRE
Plizsh e e mEi e E I g A RS K iE AR
4 B AT R G i wAALEREUE Fr, & KRG AL PR BV
AFR S R EE R RIEEE AN POAER. HUT
EEMERS, HEERGAK 'T*{L*@i@iﬂ%%, bGil
ﬁ?’%%ﬂ%éﬁ%‘?%ﬂ%ﬂ?iﬂ%ﬁ&%i e, |3 B
H RO

AR

0 5T Haris £ 25 (85 5k JE 601
2.1 B ED R

B s A R AR, BARE, SO SR (S B 3R
I 2 AR RS2, BE T e R TS e s e b, 8 DL &
W2 T R ER, R E A S 248 50 A B B
WEHER A AATE LB, E 4(a)s (b) B TE AR
—HERER A,

A A B G = AR AL R Z R S e B 2
B R B A LR A EE RS 1)
R 2N N Y R T S i N LY A
Z 5 BRI E; 2) M 5] DLk g FATE I 2 Y
EIG I TEAR . 0 B A0 AR R EE, v DUAR 33 3 4 R A5
B.BATHBES MBS BASicHRAE &Y Sk
Pk, B 4(c) (d) 73N E 4(a)s (b) EMEXT R AT A

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20184F 55274 55

http://www.c-s-a.org.cn

i H AR SN A

DX, AP RT DA A8 O 5 2 DX 8 R L
N, T 5 IX TR . SO 155 7 5 R
WP SRR B s PR TS S AT DB,

el Bt
e EIGEERYE]
iR

J&F Harris /1 £
R Ak

|

JUBEZE S B B A
A% w58 L 5%

B RPN
T EISE

LHIAE S

AHEL AR, Bl

I E PR A I 1
T BERE fa e IR 2

(b) B4 E 2

0 :

(c) R A RN (d) Fymir A 2

K4 B 5 MR E

22 BRIBEE

AR T R A AWM 1) FE T BRI %
BT, et B E MBS B %, 85 F KM a, fln,
BT /N A K ) AR AR 2) T BB OK FE )
7%, B Moravec 575 A1 Harris k. H BRI ER)
) PR T 5 8 s 1) A P AR AT /N, T S 55 2K 5 A8 Al
U, MOR AT BAGOK R A kB BT
Moravec HiEIHHARM K 84718, 1 Harris HiE A
A, REUA S, Bes ﬁlﬁ 7 18 3 B i
H 3l R 1 & So st il v B R ok AT IS K R 1)
Harris #8 fikigistol o

CRE c [E WS o i E PN
il B A2 B BRAR L AR 4B 1Y) Harris /1 . PR, B
B 4552 (1) Harris M1 RO R 2205 T 45 € BE, 1600
JE SR AR R AE.

T Harris /1 s SRR EEE S0 —AM
Bl 5(a) B e sh & 1, M4 M A% w1 R/
winsize W[ BN 3+ 5+ 9 A HUE, HREHE 3N E O
8 p(i, ), W78 Lk Harris £ 55 DL AER AR A1
LB JE 13 B M S B R R, BT O B,
M BB, BKA 1 AMEER, Gerhia sl & X 1 A
&Ny, = Y p(mn), SN E NI RN, KT
R BB RS B Ay B, FUEZ A p(i, j) A 5
X, SR EmE 6 pin + |\

5 -

WaE| ——————

/

—

ip(i=1,j=D)| pGi=1,/) |pG-1,j+1

pli,j=1) | pG.j) | pGj+1)
p(it1, =) pitl,)) |p(itl, j+1

(a) W (OEEEVEN

5 AR

5 18 B B 5 H 3R AW RS R EOR, T R IEER
FAE R B R R R DK 1 BERSOVE SIS 1
winsize, ¥4 % 50 REE N L iy KEEANE O KX
B, A LA RN, KT by WR AN T X5
FIE T 5, AT G 13 B T AR R R s, 32
ARG T SR e R T SR E -
i DX S5 A A 05 A T3 25 (1 [ L, AR SCIR[ 11T P4t

Software TechniquesAlgorithm B EH AR Fi%: 121

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20184F #5274 55

759, TR 28T 45k o0 3R 0 EUR HEAT S S8R A,
I 7 S 7 10 2.

B
!

HTH AT Harris 5 | [ ppingy
it SBT3 s

FUEER

Harris ff] .
i

K6 JET Harris ffi sl 98 S PRSI K

7SO ST 1B 1 PR 1R P L7 PR M R
R RN HRE, % 34 4 1 1% 5 B35 B Harris £
SR B35, AR AL 05 A 584580 A4y 25 595 P Hl
A e B 2 R AV 88 145 80— AP binary; 5 SUHE B
RN winsize=9, BEE F1 B by, T LTS A1
HEAT K winsize TR BN R, FZR B9 5 X bl 0
— (PR L X ST B O R M, T A S S
IR0 AL, 18 ST HUE R 75 5 0 — (P2

3 RUEZES N EIRAE e AL 5A

X T BB EI S, ACESREBEW R H s 518 57
(X 53 HF, [F] At B SR A EL RS (K AR 7] 43 R,
B 7 E SR AW R GUNIT R 5 A, X 8 0 R 3 i) A
) Ak B S BT T L A FE ). X TR A 2y
F, T TTVEA M R VL HCIE AN 73 7K e 5.

MR VL FEVE B et B BB R B rh T T, R
Je 2 W — 52 F A HEAT UL IRE, #5¢ J ALY 3 o 18 2 S B 70

H, BT T P ORI ™ L, JERR R AN RUR B S

18 D A TE 22 U1 5, A2 T 7 A 7™ S i
oy . T TS 2 10 20 K S0 MR =T R Ay
— T e I, B e DX A 1 i, K B LA X
A 7 . 4K U4 40 B P T Y S PR U T
— B, T R T A — B, T i
HETHRIC I 40K BT AT 4 B Ak B

SCHR[ 1314 7 268 T 5 2 A e AR 4% il bR i 1 23
KU B3k, S i A AT B AR e A E
R AR Bl e X IR, AT SR B o 4, 07 0 T
JRBE 75 SN R SE D 4 BV ROR B th T AR R S
o R 25 SRR, K B B AR (0 A SR R —
gt T PR, ] 7 % A R B A R L B A
A B DA S B 1 K P 43 A 6, M PR T LU H TR

122 A4 AR5 % Software TechniquesAlgorithm

PN ST AN I 33 = N
I8 FSCHER[13] R R &5 2 A 7 AOEIRA8 2/ RS B 4%
(3 DX, AT 238 AR 2 1.

(a) RS 25 —fE (b) PR H A

Ao~

-
|

(©) RIE S A
K7 BEESAR

DN RUE 72 7 34 8 Y B 12 R X3S A o 1 5 ot
I, AR SR OEAIEAL R+ 73 7KW 73 1 AR 1 A
HARRAE Dy B 5B IE #BUR AT 40 B AR X B 5 B AT
BME 7 &, P L I RAEAE AR L B o, P IZ
R R RE, MR B IR A < L, BRI R bR D
KGRI B E RGN, M Z5ROAAC, AT 20 T
KUE BN AR IC L B A 8 R

| S B H s H g |

K8 R X A

Ve T Harris M 5 B8 508 BR 5002 40 3 S 1RO 5 2
“AEEGR Y BW, BRI AR
D =dist(BW) (D
H D AP SRR, dist(*) Fon i BB Hsb B B
BYIRBIE thr=Ty(5—RBE N 85), 45 R BV
BE g A 1L, PRAEA T BN temp(1):
temp(1) = seekS eeds(dist) 2)

Horh seekSeeds(*) KntZ BH thr 8 B M+ SIEIRAE.
T BUE thr 133 R BRI BE 7M1 20, ORAFAD 1 5
EE temp(2), BE EACHEAE, 18 3P T & E1Z temp(i).
FRIERIAERT 5L temp(i) G TCAEL element(i):

element(i) = countElement(temp(i)) 3)

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20184F 55274 55

http://www.c-s-a.org.cn

i H AR SN A

Hrr countElement(*) KRR 5 temp(i) W IIG TN

¥ element(i— 1) = element(i) LI 45 R IEAR, 4
marker = temp(i) “4)

HISRAFHRIC B marker. IAAIE R FAZE NE 9 Fros.

VBT
thr=T,
[
v
FHERAE thr SR B
& dist BRE 5 5175
FFhF LB, I
e

WK Bl thr

SR

WG ICEATE
AL

ARG, SRAGFFRID
marker=temp(i)

Ko xR RGRRE

iz S A 2 07 2t S8 2 B 5 SR 7 X,

5B 10 s,

(b) BEES A& D

(c) Hi— YA T 13 B temp]

(d) bric & marker

K10 pric RIREGLFE

4 IS5 BT

AT 55 S R ER B, 1145 I AT R AL
F 9 58 R 5 1. AR5 T SEOHLIE B A Inter(R)
Core(TM) i3-4010U CPU 1.70 GHz kb ¥ 2%, 8 G W17,
Windows7 5%, 5%V &4 OpenCV2.4.8 Al Visual
Studio 2013. FEMGREE K5y X 40 58 77 =058 B EE Ak
% RERAA A KO EE R BN ERR, EEK
KANEABERT 42— BB R, KIS
R I T Harris #4045 S UBIREE 12 L J 2 T
TEH 4 K 230 5 Rl T B AV 0L B 8 1 7
L G B,
a1 R

11 A4 5IRH Otsu ShaAS B 408, 7 [
9 SCER[14]FR TSR 1 S 4 B4 B DL R AR S8
VER BT B I8 IR MR FE, AR ST L
AL S A B R R 0 B R AR T2 T %
R Otsu ZHASBIE 4> 8. 3T LT Sobel I3
AN D TR S 4B R 40 0, 5 2 X R
1930 T AR

. W0y
(c) S e RE 7 H
B 11 ANESEEE SE BRI ROR X L K

(d) ASCET

N T VA SCELE I 2 BIPERE, F Photoshop
SR R T s DX IR AT N 0 3, AR BE S5 AT bt 18
&, it R RS b G R 2, WA 12 fos,

Software TechniquesAlgorithm X FHi A S 123

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20184F #5274 55

12(a) /2 N T BI45 3, B 12(b) &2T Harris 55
o2 R, B 12(c) N S X IR AT iR 25
HEG, BE 12(b) 5K 12(a) FIAEE X5,

N

(c) Rz K&

(b) % Harris 1 145
FFARaEAEIS

K12 ACEES NTaBI5km Rz

(a) N Lors4t

SINSCHR[15]H A F R4 23 AR Dy iy 53 B 2K
R EAENbRAE, THREARXT:
ER = Ne % 100% (5)
N,

3

A, N, FoRr FIRZ KR A I SR = 8, BB 2 1Y
BGEOXIEERSH, N VERGEBR B R 1A
PAE 3 AiAN[R] 5535 T 45 21 (0 8 20 0T B, R AT BL
B, AR BRI T HAR R SE, I TTE
BT AR SO I i P 2R S5 B DEBR R A.

K1 AFREFE RIS RIREN

T EIG R~ REXIEEHNe  HaR
CEw &) (BH) ER(%)
Otsuik 549%549 36252 12.03
Sobel €YK #% 549%549 60643 20.12
Soy & BME S # 549%549 101312 33.61
AR 549%549 10938 3.63
42 EEERESEMRE -

ﬁﬂ%ﬁ&iﬁ%ﬁwﬁ%*&ﬁﬁ%@ﬁ&ﬁt%ﬁ@ﬁ
G B marker, X FI3EFARC I KIS SV, 15 385 ZE B8
A R W E 13 Bs. WELEBHETE A 4 H1 25 FaT DL
A, R B o BT, LR TEAE 2 A i s R
ZE SRR AT e o 0, MTUE B 7 R 2= R FIEES
BB AR s o A A Rk
4.3 EgEEMRENE

FARUREAE T R T B g € A 5E A B A5 R a0
14 froR, B i A 2L AR, ool RO B 0 bR
. WERLEE B ERT BLE Y, B 4 i G & 5aF,
TE L AERA.

124 A4 AR 5% Software TechniquesAlgorithm

K14 B g

2 AR S R R TR B AR iR B R
U, W o LA R R TR
i 5 A TR KRR 6.55%, T K 7.14%, I
FAZE T REIN Ry 7115 e, 45 2 95T PR

K2 EEEAIAIE LR

BAFS BEESH B0 RS TR (ms)

1 21 2 2 672
2 16 1 0 734
3 13 0 1 695
4 12 1 1 695
5 20 3 1 780
6 17 0 0 705
7 21 1 3 711
8 20 1 1 692
9 13 0 2 697
10 15 2 1 734

it 168 11 12 711.5

A3 X 2R 58 S S A RG24 T %
bb, GEit 2 3 B A I SR AR SRR AR RT BAAS
R AL 06T R Ao S92 FA R A P S i K.

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20184F #5274 55 http://www.c-s-a.org.cn HENRgGNH

®3CKRIRERG

P 5 SR 2% % S A LR E
1 JIEAN I FAfh 54 40 & /N T SE PR 4l K/ 3
5 B 3 55 KT T A ST 1R R 22 T 42, 5

TR R W SR 3
T U3, AR R, BRIy
AN [7) 75 AU 5 T A A K
4 T 14 B, 3 A 4

5 5k

(1) XS E 2R R G WAFET T %0, %
YT B 2 T MR K A T PR b, AT S BB
3 KA BAE . 8 R A IR E T R R G it
L B DR, P b A P 5 A A S

(2) S XTBE s IR R0 5, ASCHR T AT

Harris f 75 SR8 50025, IR TSR TS S g
1 2% AL, SKBL T AL 49 B 10 RO B X T
B 1) 60 0 s RS AR 37 A e T R 2
"I B X R AL 5 0 R, AT A 43 K
IR B, 2O VR BIE T RS 28 BIBOR HORS
SEIPRI 45, FATIOT R

S0k
1 VR BRI LS A B bR S 527 ) AR bR R R 7 V2
TR L2208 ). M PHALRMFIECR 2, 2016.
2 Whittaker D, Miles GE, Mitchell OR, et al. Fruit location in
a partially occluded image. Transactions of the ASAE, 1987,
30(3): 591-596. [doi: 10.13031/2013.30444]

3 Rajendra P, Kondo N, Ninomiya K, et al. Machine vision

algorithm for robots to harvest strawberries in tabletop. |

culture greenhouses. Engineering in Agriculture, Environment

®
N

W

oo

—
—_

12

13

14

15

and Food, 2009, 2(1): 24-30. [doi: 10.1016/S1881-8366(09)
80023-2]

Cui YJ, Nagata M, Guo F, et al. Study of strawberry fragaria
ananassa harvesting robot using machine vision for
strawberry grown on annual hill top (part 2): Ripeness
judgment and recognition of peduncle using picking camera,
and fabrication of the picking hand. Journal of the Japanese
Society of Agricultural Machinery, 2007, 69(2): 60—68.
M, W E, R, S E ORGSR G0
PEREZIHT. HLAS A, 2011, 33(6): 726-730.

ST, YEFUR, VEAN. B RAHLASA i — T PLC
ORI B ARBLL T 7592016, (8): 199-203.

B 75 1L, 29, T T, ST HLVLBE 2 A R AL A
Tt A TR, 1995, 11(4): 27-32.

ATRRLL, X5, 2, S ST WA RS (O 4 WA 5
Br BB J H Atk Aol TR 2241, 2005, 21(6): 101—
104.

SRR 2. A ARSI AIT 5T B A 2 2 PG AR B o ) 7 FH (o -2
R3], ALt A5 Tl K2, 2011.

Harris C, Stephens M. A combined corner and edge detector.
Proceedings of the Alvey Vision Conference. Plessey
Research Roke Manor. United Kingdom. 1988. 147-151.
IRIRER. BT 73 7K 73 31 ARG ERORL B8 7 BT BoR W 7E [
LA L], KPP R KA, 2011,

. B T 4 R AL B = TR AR R R AR 7T 5
TR L2 R0 5], B A B AT IR K27, 2014,
{5, B BT 93 7 W 2R 48t (X R R B 45 20 vk
THEHLR G, 2014, 23(6):93-97.-

AR, R, AR, SOTCTT L8 Az AT 5 AL A T F
A7, A AUEERR, 2011, 42(2): 154-157.

ok, By, Sitile, . LT SO R A AR
Ve UG 23 E1 7. AL TREA4R, 2014, 30(24): 161-167.
[doi: 10.3969/j.issn.1002-6819.2014.24.019]

Software TechniquesAlgorithm X FHi A S 125

© EREERREST  hup/iwww.c-s-a.org.en


http://dx.doi.org/10.13031/2013.30444
http://dx.doi.org/10.1016/S1881-8366(09) 80023-2
http://dx.doi.org/10.1016/S1881-8366(09) 80023-2
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.24.019
http://dx.doi.org/10.13031/2013.30444
http://dx.doi.org/10.1016/S1881-8366(09) 80023-2
http://dx.doi.org/10.1016/S1881-8366(09) 80023-2
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.24.019
http://dx.doi.org/10.13031/2013.30444
http://dx.doi.org/10.13031/2013.30444
http://dx.doi.org/10.1016/S1881-8366(09) 80023-2
http://dx.doi.org/10.1016/S1881-8366(09) 80023-2
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.24.019
http://dx.doi.org/10.1016/S1881-8366(09) 80023-2
http://dx.doi.org/10.1016/S1881-8366(09) 80023-2
http://dx.doi.org/10.3969/j.issn.1002-6819.2014.24.019
http://www.c-s-a.org.cn

