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Abstract: [ Objective | In order to provide accurate data for real-time monitoring of rice growth and pro-
vide new technical means for agricultural researchers, it is proposed to realize the visual non-destructive mea-
surement of rice leaf geomelric parameters in natural growth.[ Method |Similar to a thin line measurement meth-

od for curve length, a set of control points was determined by gesture interaction on the leaf vein, a cubic B-
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spline curves of the control points was generated by interpolation, and the control points were adjusted to make
the B-spline curve approach the leaf vein to realize the measurement of rice leaf length.The rice maximum leaf
width was measured by drawing a B-spline curve at the maximum leaf width.To calculating the angle between
stem and leaf.First, the skeleton information from image of the angle between stem and leaf was extracted by dis-
tance transformation algorithm based on four directional template operations, then the extracted skeleton infor-
mation was line detected by Hough transform.The BP neural network, support vector machine regression and
random forest regression were used to train the sample data, and the rice leaf area was predicted by using the
leaf length and maximum leaf width of rice as input variables.[ Result | The results showed that The mean abso-
lute error (MAE) and the mean relative error (MRE) of leaf length calculated by B-spline approximation algo-
rithm were 0.523 3 ¢m and 2.33% respectively, And the MAE and the MRE of maximum leaf width.were 0.055
2 ¢cm and 6.66%.And the MAE and the MRE of the angle between stem and leaf calculated by Hough transform
were 1.27°and 2.46%.The root mean square error (RMSE) , MAE and MRE of prediction results for leaf area
was the lowest by using BP neural network compared with other models, and RMSE, MAE error and MRE of
JY458 were 1.1892 ¢cm2, 1.061 cm* and 4.95% respectively, and the ZZ35 were 1.143 1 ¢cm®,0.959 5 ¢cm® and
4.85% respectively.[ Conclusion | Since the process from image acquisition to measurement operation was not
in contact with the measured leaf, the non-destructive measurement of the geometrical parameters of the rice
leaf was realized in a sense, It has the advantages of convenient operation, high measurement accuracy and
small error.It can fully meet the needs of agronomic research and provide a new universal method for the non-de-
structive measurement of geometrical parameters for other plant organs.

Keywords: measurement; rice leaves; geometric parameters; B-spline curve; hough transform; BP neural

network

R VR A AT 6 5 VR AN ZE G VR T B0 B S 1 A D i i LA S 800 TIPS R 9 A 1
MROCAETT T AT 0 BRI e R WL JLART 28000 i 7 vk AT B RGER RO R R i T AR
SERRIT FREES 0] J7 FRIE AR 7 PR AL BEIL 45 . Dy REDRE ERR PG bR & B LTS8 IR 2
F AT R gk TSI [0 UR 75 Rk I E SR T B, ARAS TR AR . IR
I BRI R A R, S A BT P A Ak B P AR IR R 58, e BRAR b BRLZE S 5 520
DTS R R B E AN . B AR SR R AR i A R, SR Photoshop AL 2]
BT ST AR 0 A R T T R A ST ISR B R S i B R AL R i R R
TG, 8 Matlab b BT SR P) - AR, JFRE AR BCAS R S PR E L AT LA, S 2R 22 57/ o AR AR T
WFFE 20 T A i R GO R AR BOK ARG S I S8 A T AR A T LTI 82580 IF DL (I SEA
TR R R (AR S A A T SCRp ) B AL [ SR S T AR AT A, 25 2R 1 5 AR i 22 K
BIREX IR AR . B BEF LAY 22, 5T Android ZRIUB Y5 B JUT S0 b B Ok £ . 55
OB, FEZP-LERTF R T T Android THLRIRLY R T AL DUEE T 5 R 4T, SC B T Z R T
PRI R . B SOGEAFS T A 1 6T Android A /KRS S I A I R GE 52 B 1 00 KRS &1 - 4 A 0 4
BACE RETF WA F LT I EGAL BERE ST, HF DUHAARVIN B 48 T 35 TP AMAE 454
TEA N TR T2 B o

F G B I T7 3 A0 A 22 8B WS i UGN D7 ARG — 5 R R BRAVE A B9 24 fh - i
AT UM X ST R T A I A B AR R AR A U B R I R AT DGR e, G S B
25 ety o AR A LT SR T LA B B X e ok R AT G P I AT B BB
RS A Ak B R A5 A5, — SEAR R i A2 (AR AR SCARTE & 5, AE3P AR iy , LA B A
B AER AR RE I A 220 S SRR ™ i, B R AL, IR WA B X UK R S i R LA 2
o A B0 o I, ARSCLL Android FHLA TAEN- 6 , & Hh i 42 il a5 BAE 2% it 2 i i kA fe R
(07 77 0 S BUK A I SES B I 5 I DL I IS4 e A IO BP A 22 o0 28 583
SN AR P T AR S TR ok o T AR AT A I 5 35 M ] Hough 72 80 41 RS 25 B 05 B EA T LR AG I X



55 2 3] A2y T WA DI & AUk W R PR 1 - 409 -

ZEMJE AT . SEL T BOE R X AKAER A U S ST RS R v H R E
XA R EZR AN, AR AR A Y 48 B LB S S EER AL —FR 1y nT SR 4% .
1 MBR5ERFZE
L1 REH R

TEPE VT VY M DX HE T FRAE A9 42 458 (Y458, 2018 4 ) FllHp L 35(Z735, 2019 4 ) A~ i, 76 K A S
T AT R ROKFE RS o X o BEH AR AR A T EGCR AR R A K A SR AR 1001 FEAS, AN
R AE 400 4K Rk SE R , T S LA 2 2T i DB AR AR [R)sE A F YM)-B AR
W s R axX St e 1 R R R i S i T AR, R £ AR 20 6 80 NI i REAR A ZE I e A, AR
RGN TUT S50 25 50 A
12 BEGFEIRIGIT

N TERERAE RS, Bt T — P EBCRETH (K 1), @L 7
FEBTH, YRS, SRS SARA . THLk / ) jj
AT R GEFHL, IR K AR EL R PG L S \

T RARFRFAT s TALRAS shHL A3 T LT DUFE SO0 b ik g 2 1 a
Fr R Sl A E A, R I 0B AR B DX 75 AT LK i

PR SH Y EHE H TP sl .
1.3 BEBRE

(1) EBESBY) . ZRY N 2.5 cmx2.5 cm B A :
BLRE A% B e A0 BIDRS I D T L5 Sobl b, L FHLIE; 2. B 80415 3. 3005 4. 1 5

MR TE R R T2 S 2 R — R R R A Bl EERETR
SRS S hR a2 SR Fig.1 Image Acquisition Tool

(2)WEAANLSEL . X AHAIL ST PR A PR I JC ELARZESK , BEFAERE T 7 37 i 5 2 RS BT X B AR L
Iy BRI E A 1 920x1 080, FAFE I S NDEAT o

(3) RIS . I 2R G R AR RGBT JLF A2 F5 5518 Sk o0 WoR R A Ho A48 B P4 S A 5 A
Berysme o iR SR8y S i (A5 KRS i ok il 47 105 85 e di P TP AT s KA I R e KM SE e
rhRA A, e R A I SE LT R — K, O R B R (A5 i v S A R A S T AR
FTRIAT . IKAFZE e R A M e SR AR DI ER 5 2R e A, RIS A it e 5 SR 2R R e f R, s 2R
-2 £ PG A SRS 9 T, FH 1 60 S bR o 3 e 0 25 i At R 43 25 e A UG R mT
14 NERFZFEEHE

WAt T —A 3T Android 7 & 19 B R 50, R G0 07 & T A R, Hoh B R B 42k
Honor VIO & GEFHL, FHLN B Android 8.0 #2:4F & 4t , HiSilicon Kirin 970 ZbF &3 , XUEE 1% 3k 2 000 J1 14 % +
1 600 118 % , i AT INAE 6 GB. A 843 1F Windows 7 1Y 64 1 154/ £ 42 T {81 Fi} AndroidSDK+JDK8.0+
Eclipse Java Photon+ADT+CDT+0penCV3.0+NDK #5 #: 5T Android /KRG B LR 2800 2 R 5t .
1.5 REZIIERRE

IKFEM: LA 00 i R Ge R E D) RE - EMEOR AR (REREAS AR T sl R | i 2R A (1 n s
BRI, i SE T, iR BT SR A e AT . RS T KA B L S5 (K
B TR ZER e AR ) I TCHIN DI RE R G AR TAEA PR Qi 2 R o
1.6 MK .MHENE
1.6.1 BHZFWMZNHTL HEmnt I NED=(d,.d,, - .d,.,),i=0,1,2, - m+n, Fn IRSE R B

B,,(t)=D,,,G. (t),t[0,1] (1)

K kB n IR BRESCIN R BE (h=0, 1, -+ ,m) , 3K $E [l 2% Be 1) & IR FR 0 n IR B RE SR I 26, FLT0 A D, (i=0,
1,2, m+n) IR R 2B FR R BRESCHRER R IE 2 10T . Hirp R G, (1) E XN -

G =——S (“1yC n-i-j), te [0,1],i=0,1,n (2)

n' j=0



© 410 - I S AN et

S WIRGIE =t =20
v
E5 R4
¥ ' v
ZEIHE ZR R 2 i) 42 i) 1
¥ ' ¥
1K BFE% 3R B %
v v
Hough 22 6 B 2k 16 25 T K
I * T
BP #1452 /X 48 f 7Y
v
By i Ran A T T ARt 0

B2 KA R LTS E b 2R 58 TAR L P

Fig.2 Functional structure of rice leaf geometric parameters measurement system

2 n=3,3 K BEESA LR A 2 RN R »

1
Gy (1) = r (= + 37 =3+ 1)
1
G, () = 5 (37 - 617 + 4)
X te[0,1] (3)
G,+(t) = 5 (-3 +3> +3t+ 1)
G, (1 —if
3<3( ) - 6
B3 RAZ (1) AT 1545 B 3R BREARINZR L k=01, -+ ,m:
1 4 1 0] 4,
1 -3 0 3 0|ld,.
BA,a(t):TMle:g[l t v ts] 3 -6 3 0 d:Jr; ,t€[0,1] (4)
-1 3 -3 1]ld4,.,
A (D FT=[1,1,0,00,t€]0, 1]; M, W RZBIERE, D=[d,, d,...d,..,d,.|" 5 kB BRI 45 i 105 .

1.6.2 idzdl b ey BHE WA BREASHTZRA R R BUAIAR & OGS S i R N A 2 1) B h B
Mz — AR SRS SORTENZ b APPSR R A BT P e KIS sl T4l i, A2
— SR ik X AR A ) R SR A PR R G, TR A i R R BT . SX I N RE B 45 A
MEWA BRSNS, 70200 R A {8 2508 S8 1 B AR SR I AR 2 S0 A TS O i, 1 fH G S48 1) o
Az A T 45 A Am A1 BRE SRt e o AKX — JEL B AR 3 10 S0 3 YR B R 45 AT T2 11 B ARRAIE 22 3001 T pii
A2, AT 2 8 KR i Bkt e s i e 2

B2 E MR 5 IR 230 2 P=(pupy s vopi s oopi o) s O BREZR M ZOG LA, 7 2R P 3T
A BRI RHIE 2 308 (3 I 005 Dy, BISRASHCHE B M, , 175 D =M, P, , # HACA (4) X, 155

B, ,(t)=TM,D,=TM ,M,P,=TMP, (5)

Horp ZBOERF M=MM,, #71# & B, ;(0)=p, ., B, ;(1)=p, . ,, W B, ,(O) HIH(E K p,, , Fp,. , B3R
M B, RO R R B 715275 3k [24], AT 15

0 6 0 0 P

-3¢ 0 3¢ 0 || P+

6¢c -18+3¢c 18-6c —3c||pi:»
-3¢ 12-3¢ -12+3¢ 3¢ Diss

B“(t):TMPk:%[l A (6)



55 2 3] A2y T WA DI & AUk W R PR 1 - 411 -

Bl e AR A 2R BT R B =0 I A A OF 530070 1 MU Uk B i o=1.5 1
T LB A A 25 M ROEEE . A2 e S0 RO, 1 VA b A4 060123 U 51 B AR T
I, R R0 S MO K o, WA AR BRI 45 24 a0 B/ N, 2200 BT (Lt i
W SRR, R B P2 P 14T BB A I o 4 il 2, T L 0
AT, PRI, T LA 2 SRS k.
163 HshlEIE OISR ARG A Bk R SR BB R e T A
SHEFT RSl T AR VS VB 0 RS B VR Rl A7 405 £ 7 25 0
B RIS T8 AR 0 5 5 AT R 2 0 PTUKE B 253 50 540 20 5 0 4 A A OB 5,
B /T TR IO A X5 5495 o A2 26 P 0 20 AR5 B 2 4 48 A B 2
0 A B A A2 P A b 3 SRS S 0 0.

dist=\/(c2 ¢,V +(r,—-1) (7)

(7 dist 7 5T ey o) B 5 o) OB B

ST OV R R BRGS0 AR A A T, o
LT 24 o 0 R 2 2
164 wHReTEH I R 3 U BB A i i
B R T AT IR KRR S . e - s
A B0 AN B e B 0 »
A A — 0, T 1B BE 4 1 (L5
A ) — ) S M o O A
B, X T SUAR AR B 0 0k
RO P A5 T 4, 2 B R —
AL e 0 BRE A28 e
BB AR R 22 2 PP AR s ("1 TSI BEARINER (1)1 D i
ALHY B AR R 13 (b)Firtordo B plin ouve ofblade width dircton

BB 2R 22 SR , R4S 10 B B 2% ik 3 LA B IR
{%% KE &%%‘Eﬁ % ;i:/H\: ﬁj‘j;{:ﬁ E/‘J JL/( . jr"*zji l‘ﬂ q’f_i’,j {%% Fig.3 The image of blade geometry parameter trajectory curve
K B IR K 1 L3 51 SR A B R S i S
(8) . (O)FFA  RGEAVCI B LR 4 FE5% P20 65 P35 b R R A

o= Rl X Clya (8)
real RL
piccel nm . e y 1 L he
RWrt'ul x Cmel RE<K p IR
W = T RW. (9) r
pixel

(8) () HV, Ly W, 73 3 Ry It i S P JEE RS B
GLIE 3 RL, o\ RW, ., 70 590 09 25 MR 2 PR B R 52 P 9 )
CLy AT 1) BREASITZAR R K, CW,, 5807

] BREASHIZAR R AL s RL . (RW,,, 7350 2 B D7 s o =
SFIE R R BEFITESE ()1 4=38.16 cm; () M5 =1.54 em; KR i 3k
1.7 EMZANE T8 1 o A0 A 45 SR

BEATZE -2 BT, 2R G0 N SR  2E 2 £ &% (a) Leaf length 38.16 ¢cm; (b) Leaf width 1.54 cm;
IR EAL . —AHAL b P] The arrow indicates the measurement result of the leaf
171 ZotBERRELORI ACRAETIR 4 RIS

A R I T B R By e A A B B Fig.4 The results of rice leaf length and width
ARG P ok FHOE S . —BOR UL, B T B A ) 1 SRR IR A ) R S LA (E X
PATRIERE A E 2R 03l o /KRS 25 Sl Ay i35 JUBOR 2288 R 1 0 B 205 8, X T B A



© 412 - IO Rk A R EERVE

A PR BERAN R, BT LAk HL 1 FH 5 T B g 14 SRR U R S I AR I B 2R B . 2B H 14 00 .45°
90°  135° 4Ty [ia) A i 7 A 40 A 322 5 4t 1 P g PR 8 e v R AT L, I S B g 5 SORABEAL
MR BE P27, 47 [ (R B A4S AN R 5 BT o

FH 44T [ i 2 AR S AR Al o3 331) 5 ZE e £ T_1 -1 -1 -1 =17 ro -1 -1 0 27
TAHEMG TSRO, AR E SR 4 lo o 0o o o -1 -1 0 2 0
WL SN FoNIRIIEE S SETNE e e =2 2 2 2 2| L#5=|-1 0 2 0 -1
1.7.2 AZ#énEEetkAdE X (Hk |00 0 0 0] |02 0 -1 -1
b B 1 K R ZE e f MR T AR U -1 -1 -1 -1 -1] Lz 0 -1 -1 0]
i FH Hough 728 B2 A] LA BEAT B ZR A0, fy 25 10 2 0 -1 Y0 -1 -1 07
e R 4R LT AR 45 L2, T A T 21 11 1 0 2 o -1l 0 2 0 -1 -1
HEIFAZ T 250t M m it AT DL Ioh=|—-1 0 2 0 =1| [o3z=l-1 0 2 0 -1}
R 1) 7 L ) e K e S A o 10 2 0 -1 1 -1 0 2 0

PR AR A 0, PR 205t 2R G0 N3 I -1 0 2 0 -1 lo -1 -1 0 2]

A AE AL P AT A R i R A R
HE A LRI K e fat . KRR ZE I A
SR S AR A R i 45 R an 5] 6 TR o
1.8 FEFRfENEER
1.8.1 #HEE—A R T IEEISITRCR A AR B AN A 40 09 80 10—k 2= X )[0, 1], R A I
—AEEE A (10) .

(Vo = Vi) * (X = 2,5,

Fl5  0°.45°.90°,135° 44~ J5 ] (A B B AR
Fag.5 0°.,45°.90°,135° Four Directions Distance Template

Y= (o —x.) Y in (10)
K (10) 1 x RARFEAREE , x,, N .., 73501 278 BEASEIE v B S5 KA A e/ IMEL, y Ron I3 — 10 B9 %K
I3 Ty, 73 RS U — A5 500 11 i KA A e /M

1.82 #aivtmAfEmER  RH BP(back propagation, BP)f 4 W44 0EA T /K R T AR A AR AR, 5 5
A [FH (support vector regression, SVR) JEHLERAEIH (random forest regression, RER)BIRIHA T 4L
(DAL BP RL 54y 3 )2 M 28 AR S5 14, fag o
AT AR 2O ) it 1 B8O 1O AR
PEAKECH 100 000 . BP #1258 W 28 B 5 J2 45 i M
Lt N it BT OB R R A R A R R
W EEGE D PEPERER 22, B 2 R 2 i
I 50 0 T o 400 B T LR AE 45 25 % 1 '
)l 5 2% 8 S 22 R/ A oM Bk N sk vk /
JE I Al Y B A R R 2 A L AR |
B J2 T RO 60 RS 2 Bk 2 0 pR B R
velu BRI 5T %R S FTEY 7 AR 2 4V A4 & ©
7E , X} Adam \RMSProp . Adadelta , Adagrad F1 Ftrl 55 1. F (a)RBURE SRS B (b) S5
2 AN ek BOIEAT LA BT (3R 1), ] R BLR () ZEMJefiy 251
RMSProp PREY , 2 > % 47 0.000 1 B, AN [E K FE i Fifli - (a)extracted skeleton information;; (b)linear detection
) 258 R4 R B fe e results; (¢ )stem-leaf angle results
(2) % ¥ 1] 1 HL (support vector machine , SVM & — 6 Serbiftss
e B2 3 SO0 ) 1T LA T T e Measuements of stenleafanele
[0 A e 200, RO S 4 o ] OO0 S 45 o) i ] A 8 A% oSO A S B |, 8 95 7 AR A 1 e o o
e ATUI0 R R SR M ek B, 4D 458 R B8 35 43 AR AT R F € g 1.7 R 1.8 i, ALt
RO o




55 2 3] A2y T WA DI & AUk W R PR 1 - 413 -

F1 BPHEMZARRLEELESHIWERITLL
Tab.l1 Comparison of experimental results of parameters of different
optimization algorithms for BP neural network
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Tab.2 The result of rice leaf area predicted by different models
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