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Abstract

In this paper, the Z¢ gradient operator based on bounded mean oscillation (BMO) and the anisotrop-
ic nonlinear partial differential equation model were used to construct a BMO filter for image
processing, which was used to denoise, detect edges and extract shape features of the digital images
of rice grain. The rice grain shape parameters were statistically analyzed to compare the processing
effects of the image filters and evaluate the accuracy and stability of BMO filter. The results showed
that the BMO filter was superior to the median filter in retaining the boundary and detail features of
the digital image. The grain length, grain width and length-width ratio obtained from images
processed by the BMO filter were not significantly different from the manual measurements and
there showed a strong positive correlation between the average grain area and thousand grain
weight. The rice grain shape parameters obtained from images processed by the BMO filter were
stable among different rice varieties. Due to the limitation of the two-dimensionality of rice grain
digital images and the related equipments, it is impossible to reflect the grain shape characteristics,
such as grain thickness, length-thickness ratio and so on. In future research work, the combination
of image filtering technology and cross-sectional scanning technology can be considered to describe
the shape characteristics of rice grain in three-dimensional space and provide accurate data for rice
breeding.
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A RAHETE A PR EE (boundary mean oscillation, BMO) K ZOEBHE T, 44 & HEMHIE
SR HTEAREL, WG T EGRAENBMOIEE R, KBRS EBBRHTRENEE. 150
WAFAERE, HXPRESEORIT L. EHER E, BT BMOUES 5 HHIEH MAAEMNE, 34+
4T T BMOIBB R AR Mt 5 E . 4250, BMOJERKE R BN A 5495 8E 5 T B0
THEIEE, HABREGRIPARNK. HEAKELS A THRELEEER(p <0.05), FIHHHE
RETHAEIEMARER(R? = 0.942, p < 0.001), ERTESHERIE RAEM FKRE M B A BRI IR E .
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1. 5|8

FH A I b KK e, R R s KM K R AL [, B — 2 i N 2 DR K
B[] BEEKRELEKIAER PN H 28 IR SR fR S, BEthamE. mER, B&i
P IEL B T I K R B i i — LR KR B AT TR B 5o BE G Ty RE 3 DR 2L 3 R R 5 P 5 3R R AT B3R )
RIE, HETRHIF TAEE T4 nT LR F 5 DR 4 Hais A 2 20 4 H00dis e Sr AR DG PEASEAY AT Ik B AR T B2 4 3%
BMETHK[2]. KBRIEMSHEMERESSHA RS, K, KERESHRE AR RPOKRER 2,
ERLEL. SR R, RITE. TORIE KHATAS (3] BFRRVIKRES KR A v, TR
FEBAETEAR, AEREAT S AN X 2 AR bR, ORI AR . EREETE, K OEERECN, TR 1)
RN AL, KL HECK[4], KRR S S 5 F oK & Rl i B bR, WF 7 0 i xe 7K A
B EA HEERE L,

SR ANAT PR . AE . AT SEMURBUK R M 25 O 2 O R PRI AR SR, B /KA
WROESRIN Z N T5E R, G o8 LR B bR+ RO, v gt fidiixz, fmEEE
HUAR RS HEm Y, AR 57 B9 RN T EWRZ ISR A [5] [6] [7]. EREEIUCTH SR
PLESILERAR . (525 ASIEEAR I CE A R, E AT SARGEIE A T — RIS RRR K
TEAT KL E SR T 5B [8] (9] [10] [11], HRTESHSE UL O 2 BB AL BEHAR, T R ) 2 4
SiE PG AT AR B (0GB, LB IR/ IR SR RE r DS 28 DR 27 A A W 75 0 i S Pl 4R 20 A o R B R
PR 5 Mg 9 VA KB AR, 1) BTSRRI SRR IER R, WP EPER[12] [13]5%, 3K
TEBIIAAE LW RIS i T AL BRI, 7 50 BB G st BT (14 2) 2T w75
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PRI 2 T708, S RURAAR Hh UG R B2 e Hoy BOs L, J& T 1) e PR A AR, 76 2208 [R] I SLRE %
TR B AN BUR L & RFAE[13] [14] [15] [16].

AHE 5T H R H 5T BMO (bounded mean oscillation, - FIJHRZ AT Z2Q BRIEH T[17] [18],
S56 & ) SRR SR Tl oy T R A, s T EMRAR FETK) BMO BB AS, X KRR RL I B BUR AT
MR AR ARSI, FEXT A GRS S HOEAT Gt i . R ERAE |, LT BMO
JEB S DL B IR BN AR AL SR A AR, FF0 4T 7 BMO JER BRI ER I Siae k., LA
W /KRBT R T & S ARG v A ) BB AL BB, iR R TE 2 5l th 3 2 TR

2. HNERE

AL BOHRE ARG 5P, BN 5 48 8015, Y BEAL 689 AL 927 FIFEAR 84, FEANMAhik
10 NEE, GANEEEN 100 KOKFERAR KL RIS RECT BT, K KRR B O 72 8 10 =
Wb, B TEREA T, K Canon EOS 5D Mark 111 & B T35 SHHEHTHI4E, MBI A3z G
B35 5760x3840, 43 #HEEAEEE 0.05Smm.

(Ao e 2 R AT N U, RS 5 RO S A b R KRR 98, ook KO 7 R 3 5% 1 B B8 Sz 1)
P KB, TR Moy SR KR E T W iR KRS A EEHE T RPN RS S EE, L 10 /E
DNEZFE G TRLE . A KRG AN S AT RN TR, WSS R P IEE R b R
T R0 r 5 L .

A TR SR TR 25 7 22 43 W R [l VA 23 A 7 20 UG SR B /K RG4S B2 240347 20 M, JF1H 5 BMO
FEP N TR LA IR 2 LR /5 EIERE AT BMO SRR A e Sk e .

3. BRES R
3.1. KFIBFFRESSBIENARS V1.0 HEEThgESSE

IKFEFFRIE S SHRT I RS V0GR ZERUEIE 5. 2018SR344298) £ 2 T /KR A LA G I BT
B, RS IES IR BURIA B 4t . REHPER T BMO 8%, SR E g &2 Fiy
G PN HA, IR R 7 EUGHET 20858 . OGS ThE, FHErr A H 58 s RECy B HE T
TAEAL, BRASERRIES B, AR, R, R R KIEL. ZRGUSTIREEWE 1 PR,
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Figure 1. Flow chart of image processing
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3.2. BMO 38

BMO(bounded mean oscillation) B 54T 44k 7 AL 9 SCAR S, B id it — s it 5 206 X s ok
PRI SRR, FFiz AR 23~ 25 (0 B AR e 75 i sz, LR e R F B I i S 2 A SRR R DL R g
B[R B 5 WA SRk BRI AN R AE () B 1R, (AR AR U B R [14] [19]

H 2-D MM ACA[16] [17] [18]:

BMO =

2)dz

dy )

|Q()CI"|'[ (x.7) |er|IQ(x;)

7E BMO #AABE LRI R R b, K IETTTEARIR O (x, ) #HepER B(x,r) » WA CLIER I R 485X 16] [17]
[18]:

dy =|Vu(x)| )

1
| J‘B(x,r)u (Zin

lrlg(}rZ |B xr |'[ (x.r) _|B(x,r)

EGEAF 2-D EF X O(x,7) 1) BMO 2EI Ay ZO B ST [16] [17] [18]:
L dz 3
Y= ot ()Y ©)

AHE TR 3*3 B Sxt Z0 BRI T AT . BMO A& 3R ZO BT IR Al E 3R 1
b TR, ERETHEAR ROV R L, T H ORI E 1 2GR KT B AP B, IRt R
LSRR AR L, SO TER 3%3 Bt 2Ot BRHEAT A B, T AR SE R RUEEVE FI ) 20 BEEES 1

3.3. KRR SHHE

BTN T G PSRN B R S ARG RLTE . KL AR SE b . R, KL w50
BT AR, SRR R, SRBGZA R A BB IR R, AR5 1R AR B AT 25 LB B iR
TP 5L PP, AR Ry PIP2 T il 2 AT B s ELR P1P2 A Rie it 70 o L R WA~ 7
PR LR PR B4 PIP2 B KIE S d1. d2, IZARLRLSERI N d1. d2 2/ EJEiHEE
EFAA R 98 R SROTEE R %R S P R KA SR 5, KTE DR SR TE 2 L, 4%
R AP AR U g 2 X 3 2R T AR B 1 P B 2] o

4. ZRE S
4.1. NEERIEERAR I RARITE AR

IKFERIA RS 57 B S B DI G, T EAFERAC . BTN T8 LS T [20] [21], KR AML R
SEFEK B AN UURBIR P i S5, 10 ELN /KA B TR B A7 2 [22] (23], RUE R IR BOR BE 5 S KR FE AR R
BRI R A RFAIE TS M S RS R A R AL A I B . P 2 DA 5 It 8015 D9l e
TR B2 A F B IS B B G MK BB AR EIE, SR EE AR RRCR
BEAT TXFLE, BATR AR 7 R LR E G R RME [24] B AL, BIOR G A R 58 pe B A 2, 1
R EAT R L 234

SERBWICE 1), BEXTZRIBEZE R R, RSB ] AE AL 5 SRAT ARORL 3 1) 5 A
TIMESRAEZEIEZSR, T BMO JEENBEATREIEZSR, N LIES S IEREAR PR 58 A/
NNTIE >BMO JER > JEE —AE > PEIEBL DUHIRE Y PR 689 AUFEREERIL 84 Jufl, BMO JEH

Z° (u,x,r)=

|er|j (xr)
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Qb B 5 BT A RLAORE B 2 KT P AR A I, XA R R R A Ak B D7 243 )3 T
0.33%- 0.55%F01 0.28%+ 0.42%, Hi 5B IHAMAEEL 7 K HIHEI T 1.26% 1.26%F01 1.22%. 1.22%, i
VA E B S R NTE R E R . AR, SIEEE AL A L& 2 80 76 2 2 1%
ZE St

¥ BMO JEBAC G T M & 45 50 5 N Tl S48 AR (R 2), AN [EZKRS b a) FORLA AR X 1% 22 4331
7 1.29%. 0.88%- 1.39%F1 0.76%, Z&5F RE AN 0.94% 0.90%- 1.25%F1 0.60%, AL TE AR ZE 7
WA 2.90% 1.44%. 0.71%F1 0.86%, &5 RZE5379 1.74% 1.04%. 0.59%F1 0.66%, 1] i, BMO JEJ
PR 2 B B S A BT AR 1

MR S5 KT, BMO S8 A [F] 7K Rl i o R[] — i 22 A 35 52 0 4 450 BG4 B A5 R A e i 1)
AEF AR E M, PE IR N R R B IE R, HEVER MU AR A A feEt, fEigiidfEh
FERTRKEMBRAGRFAEE R, IEESCRAE, 1 BMO 8 02 650 5 (R S 4= Wi 7w, JoH
SEAELR B B FIAGRHE S B B3R TS BRIE B H A, (HERE RS N TNETIfEE—E %
B, HJRER T —J7 mEFEEESRBO R, BB R — e b BB RE Bk, —77
(LTINS S5 S VA s VAo s P T € e =V e 2 T S N o e oy i B b AL N =

Figure 2. Digital images of Nei 5 You 8015 processed by different image filters ((a)-(c) are gray images processed by no
filter, median filter and BMO filter, (d)-(f) are binary image processed by no filter, median filter and BMO filter)

2. A5 1 8015 R EGRATENIEERARGHBEREIE (E A (a)~(fOR A TR ALIE . REIEK . BMO K
FERREEE, (O)~OWRATIRKLIE. FERKE. BMO BREH_{EE)

4.2. FRIEGIEERARI R E R R0

IKFE TR B AR IR 1 N SRR FE I — D8 A, R M TR EAEYE MR, 2 HIE
T A S KR, A A OCHT SR KRS TR S R A AT IE A OGP [2]. R RARHF 5T R AN [ P
BIEEE AN B R EUR AT A3 S, Gt SR Rk, JF S TR E AT G, &5 R
B, KRG TR SR AU AT IEARDCYE(IE] 3), BRI RGERR, RO, oA 5 B AR A IR B
FHR R H5r 708 0.936 A110.935, BMO JES AR RECH 0.942, & T HoAh B G AL 277 2

M 3.1 A5, BMO SEBEN B RECT EUR B B f A B R, AR B 5 G ER IR KA R 2405
NTLMEAET R E 2R, (AT Z4EE G R RF ARL TR KA, FEAREARIL R AR A,
AT A B — R M 3 g5 SR nT A, JKFE TR 5 KRR i F B A B () IR AR DG, Horp
BMO IR 1) 5 F AR O fie ey, 30450 RO AR F0000 T-RE O T g, 72— e R B oRAh 7 4
B SRR o
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Table 1. Rice grain shape parameters obtained from image analysis and manual measurement

= 1. REBEAFEEGIEREALERFHEG TS AT NESHHKENTE SR

k24 JEIE A Image filter

o =
R;if:jr?jji]es Grain shape Manuajl\r]n:tﬁusigﬁgt/mm JR B fE/mm o {98 % /mm BMO JEJ/mm
parameters Blank control/mm Median filter/mm BMO filter/mm

JOAN 9.93+0.48a 9.77 £ 0.50b 9.76 £ 0.50b 9.80 + 0.50a

A 54 8015 (L) AN 2.53+0.16a 243+021b 2.43+0.21b 2.51+0.20a

Kokl 3.93+0.29a 4.03+0.30a 4.04+0.30a 3.92+0.29a

K 9.14+0.62a 9.08 + 0.54b 9.06 + 0.54b 9.11+0.54a

Y B 689 (ill) L 5E 2.44+0.12a 2.39+0.22b 239+021b 242+022a

Kokl 3.76+0.28a 3.81+0.31a 3.80+031a 3.78+£0.31a

K 7.57+0.37a 7.47 +0.46b 7.46 + 0.46b 7.51 +0.46a

FAR 927 (Ff) LB 325+0.18a 3.17+0.23b 3.17+0.23b 3.21+023a

Kokt 233+0.12a 236+02la 236+021a 235+02la

K 7.29 +0.24a 7.19 +0.24b 7.18 +0.24b 7.21+0.30a

FAL 84 (FF) LB 3.37+0.16a 3.29+0.17b 3.29+0.17b 3.33+0.19a

K 2.19+0.12a 2.18+0.13a 2.18+0.13a 2.17+0.13a

Note: Different letters represent soil porosity obtained from three image filters differ significantly in the same soil layerand tillage methods (p < 0.05).

W AE TR E KRR S E A RS SHOR R B A BT A Z R 5, AT BEOR Z R A RE (p <0.05).

Table 2. Relative error and variation coefficiency of grain shape parameters (BMO filter)

2. NESHHEMNREME SR RE(BMO JERK)

KA ity ol R 24 AHXF R ZE Y% A 5 2B %
Rice varieties Grain shape parameters Relative error/% Variation coefficiency/%
RIS 1.29 0.94
51 8015 (Kl
. o) L5 2.90 1.74
A 0.88 0.90
Y Fith 689 CHli
PIfI 689 (Hill) e 1.44 1.04
A 1.39 1.25
FA 927 ¢
L 927 (KE) BITE 0.71 0.59
A 0.76 0.60
I 84 (K
FAIL 84 (K i 0.86 0.66
29.5
X (b)
) 27.5 L L
w2 255 L i
@ c
‘® 235 ¥ -
2 & .
=2 215 ol - e - A
§ 195 ° y=2308x-13.33 ° y=2299x-13.17 oy =2.251x - 12.75
2 ’ R?=0.936 R2=0.935 i R?=0.942
|_ 17.5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

14.5 15 15.5 16 16.5 17 17.5 18 14.515 15.5 16 16.517 17.5 18 14.51515.51616.517 17.518
PRI AR /mm?
Average grain area/mm?
Figure 3. Relativity analysis between thousand grain weight and average grain area ((a) No filter; (b) Median filter; (c) BMO

filter, p < 0.001)
E 3. FRESFEHREBANELS (). BEEIZE; (b). PEERE; (¢). BMO JER, p<0.001)
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AT EBAC R BUE AT EALER, FIH BMO S8 AR 7 BB REAT 125 et 5 D
BALHE, FRRRIAORIE S 8 A5 R S GIEEBOREAT T I EEFI LR : BMO M 545
BBARAAL, FEOR B BB 1L 55 AR AET7 T S 25 TAR eI, JLAR PRI R SR A A RO K
FLTEA TE L 5 N TR R 257, BUESS RS N TR SO, HAEA FKRE S A ] 2 A 5
U (AR SE N BRSNS R R IR BORTRAT 1 AR ApRE [ AR 5 KRS TR SR BN IEAR S, e BMO
JEWE AR O R B S T H A R AL HE T 7

T T AR BRI = Gk AR R B PR 1, Jodk LAk S8 B (0 S MR R KDRL T ARSI, kL
KIFHSE, FILEEINERBRIE S8 2N RIRE, 5 E NP fEd, TR B &R
AREWRHAMBARGE G, DIIRENS 58 B AIMIA B KA =482 18] EROTIRESAE, /KR & MR g i i &=
(&L
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