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Design and test of row-follow control system based on visual perception
of lateral-offset of weeding component in paddy field

CHEN Xueshen, FANG Gendu, XIONG Yuesong, WANG Xuanlin, WU Tao
(College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] In order to avoid seedling and reduce seedling damage rate during the operation of
mechanical weeding, a control system of avoiding seedling based on machine vision and proportion integration
differentiation (PID) control technology was designed. [Method] The improved extra-green algorithm was
used to gray rice seedlings. The image projection method was used to extract the characteristics of rice seedlings
within the region of interest (ROI) to obtain the corresponding image coordinates. The robust regression
algorithm was used to fit rice seedlings to obtain the center line of seedling belt. The ground coordinate position
of seedling, and the distance between the center of weeding unit and the center line of seedling belt were
obtained by transforming the model of aperture imaging. The hydraulic rectifying system was controlled based

on PID control algorithm, and the Simulink in Matlab software was used for the simulation analysis of the
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system. [Result] The seedling avoidance was realized, and the steady-state response time of the system model

was 0.34 s. The performance comparison tests of the control system with and without the control system of

avoiding seedlings showed that the control system of avoiding seedlings could obviously reduce the seedling

damage of weeding components, with the average seedling injury rate of 3.75%, and the rate without the control

system of avoiding seedlings was 24.88%.

[ Conclusion] The row-follow control system for mechanical

weeding designed in this study can correct the working path of the weeding components in real time, which

effectively reduces the seedling injury rate of mechanical weeding. The results of this study can provide some

reference for mechanical weeding row-follow control of rice and other crops.

Key words: Rice; Mechanical weeding; Machine vision; Avoiding seedling control; PID control

Ve — Pt axy IR, mRLIIBR BT 30, HLIER
T L B A /A S R i P ) B B e (ELA
G R AT A 1R A Al i 42 A REAR A 7 1Y)
KPR AR A T A, 3 BT 18] Bk A L 4T
HUB R BB AR b e 5 (K e e TR, T RN LI ER
B EH AT b

0 B2 ) T B LR S URT R S AT A
BRI 2 RS BT A HLE 3 A E 2R A
GPS J7ik, 2 N HIE R H K MAE R . TR 45
BEAEM 0 30 2 R AL 57 2051 LR AT 42 6
Hi S (1) Astrand S5 SEH) 7 Fh2k - Hough 42 #t
WIVEDAT IR i, IR EE AR Y FEA DI, 20
B ARV RN T 2 BE KB E AT RN o PR
G SR R SO ) T Hough AR 46 (1 4 FH 2B 28 1731
S5, SEOLZBER IR 5 5E L, I % KEL I E
AN TR BB EAT W56, 45 R R IR 2B 28 3
LS FE B RN FRHUER . AR, HLR S ATAAL5E
JEHIERIU AL HE B K I, K HI Y] Hough A2 4 5
IR, TR, HE LA A R MR
SRR PR ZER I [R]I, A i —aRIE AR AR e
U B VEZE L MEDAFE K R 2 T SR A5
(35 DL BRAT R A P A ) J 0 PR, KT A
55N B IR 0 A S I JORS 2 T T B SR A
WAL BT %o a4k, MUE S AR BT 5 3, BRE AT
A AR i A R A WL 17 OB 1Y, A7 AE
Y S PR J s A 0 s U ) o AP X LA T A
A GG AT, 2 AT MR R 4 B D e E T
PRLIk, R P X o3k e 1A A 1 8 4 P 075 92 s Lo
B ONIEE . L, A5 R s I B
BB, SCHLER AR 8 v . P B AR
ANFRAR AR AT 1 BRENL & AU (14 1% 1 oF
FC, I AR SRR ST TR E AL (142 6 .
B R S G R ORI B B DX 2 ik, S T
PRECEARR) LB BE R . FaR AR D7 AR B R

AR AL B, 42 1 B B B A AR b #g A, 1
REIS 208 VR RACR, 5 iR Y A A S s ) Sk
J& BRAE 5 IR N, 1 7K AR ML IR 858 52 2%, 47 I
BUESZ AR 38 438 S AR 3l 1) 24 28 S A B AR 55+
YU, e LIRS B B R o TR0, 7 JRE i 4% )
T b K AR A B e )R

BEREATL L S A 2 A E R P R 45 O ), A
SCHR M T A EE T LA A G S B9 AR Bl
(Proportion integration differentiation, PID) 4 il £ A
S G B T7 %, RAERR AR O 5T H O 2
R 170 i S22 P 2 o e A1 1) AR B AR, SRETT A
SR B A RS VT AT AR

1 BEEH| R G ER N TIERE

0 T ) R G0 B AR R G R R
RGN BREPAT IR AR HAENL A 1 FrR.
Forb, WL RGN R Gt R TR FRAE Sk BB AR Sk 2 dk
TR, Bk N B €920 H BNHEESENL, 2
FI2RA0 USB3.0, #i4H& XN 1280720 UY VY,
BRI 30 f/s. IR RS F B HTUEIE (O

1: ERH FFFEAT ; 20 R 2 mALAA s 32 PRI BRAEELF: 4. BRECALEE: 5: 3%
Bk 4

1: Sunshade lift rod; 2: Hydraulic correction mechanism; 3: Intermediate
weeding component; 4: Weeding component frame; 5: Camera frame

El1 EBEEINEEAKIEMRENEEN
Fig.1 Prototype of rice weeding machine with seedling
avoidance function



5 ]

Wi, S5 TR P 5 o A 1) O PEAIL S RN R AT 22 ) R St i i 5 ik 85

PR B IK BN A ) VR BT 5 1) 24 fi LA 5 2
B ST A g R e T R A BR BB A, Rl v T
20 cm.,

AR, B0 B0 A i b AL A2 KRB AT 18] 47
BE, SLIN R AR M b FRAG R R, I R0 B RE AR AL
BIE AR D B R R, &0t BUR A HE K it &
RAT IR BB 0 5 O SR B (TRTPRAE )
fiER) . 7EMFEAL b, A2 ) FR AR B s A 1
AR R B et ML E S U 1 P g
FHEAT B0 e 24 2, 0 T o0 2 B B B AR ) AR L &, WA
IR 1)l S I AL TR i 425 i

2 ETHSRAIE R REE RN &

2.1 E&7E
H 18] P st 0 30 B 2 s st i) (B 4E
YIRI FL45) 5 LI EOK ZH s X I, 15 50
E| 5 0BG AR R RV R 28, BE K FHIREE R A
FEPR IR, b A 2o 2B 5t OKE 3%, [
), RS B BUH AR AN AR BE, SR H it
LR (2G-R-B) X ARG EG 34T KA
I OSTU FEREL > IBE T, FEx K T K5 2t
AT A4, 1ZTTIEARRT T 4% G 2 501 Rl B 4 b v
B BEECRAR Hh e, BT 5 6 A5 B4R L.
7] S g 2> St i PS8 0 PR 2 AT (1) T8, X B 4R
P AIE SR (RGB)3 AN B I I8 1) 4% B 4 ' AT
H—{bAb 3, ABER S AR A X
{r:R/(R+G+B),

g=G/(R+G+B),
b=B/(R+G+B),

ﬁiq:',r+g+b=1 (1

255, G-R>THG-B>T
F(x,y) = (2

0, Hith

X Fx, y) WBEEBR (x, y) MKE, F(x,
Y)=0 N F (), F(x, y)=255 NIEY) (FEk k2
) B A (B). R G B IR R AE B %
P IEIE 7 & gy b AR IF— 1k S BB S
A, T OSTU BIEREL —H AL HIE .

277 V0 e O A M 5% e 0 2 (R AR B (B A
PRFD 485y, 0| B S AR E 8 5. 78 ShE A 1,
GHEAT A R TR Ab B, 2 BRFE MR TR JE N AF
TEI— S8 /N FLIR . AN LIS 55, LS AR A7 AE
BRI 7> AR o DN s e AR IR R S E
IRERE, FaOREFBEI— BT LA,
PG AL EE I FR (RO an B 2 fo, BARJT iR

1) FER e J2 A1 010 2 58 B IR : X gk e )2 Y

azﬁi o b:{ﬂ: -

5 c: Kl
a: Original image b: Binarization c¢: Denoising

B2 EGREIENRE

Fig. 2 Effect diagram of image processing

R /N R AT I Y, SC IR AR A L T
e

2) R ELSPEAL Il IS TR A FIE F AL B, 56 P
BAE S T HRAE, K A 38 5 0 1 B 2R A7 AR e, &
JE AR JE % B A 4000, i JE i AR/ T- 4000 4
EINR Yy SUSERC AN A NITIE N A Y E DS
R

3) FEARAR SR BT R W R E LI AR &
L BR A AL AR UEY -
2.2 ETF ROI XEBEYHFERIRE

o R A% H PR /K FEAT BEAFDGS [ € (— A 30 em).
N T RAC B G AL S S B SR R S
AR AP (R AT 96 SR K] 5 AR I PR AR 20 R ) J M i [X
I (Region of interest, RO, 7£ J5 # 1 45 Ab 22
I, A6 RO X35 A VR MME 2 AT Ab 88, DL 2B
AT1AJHE ROI X A 28 B4

TAHACAREE )G, SR Y (R 2R B N
o, 15 OKZE M35 Oy B e, R KB BGY
T AR R IR AT /K P F BT R 45, Bk
LR EMGE RS Iwx H, Hd: wRpREHE %
&, HR BN & E . WEBIZESNE A n A, h N
MEHHEE, HEPRNEFESE DR
Wxhs WIH = hxns f(, j) Rk @Y AL EHR
(i, DAL WK FEAE, € () N ER AT K- J7 4% 5 Ja
MG ZAE, S () NEMEES j5) 3 BT n 52 E R R
18, M-

Ci=3" 1) )
hn
Sa@=> o fED: @)
B 1 hn .
Te=1-3 i C@ (5)
1
Tsu=53 0 Sn- (©)

FEwk BB SR BT A 3 Bos, G BE



43 %

86 Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)
a: T B 52 Vertical projection
1
E
& & 100
g
@ésm
=
N IR U T A

360
1% 51

Column of images

b: /K455 Horizontal projection
1
2 1
& 2100f 1
= |
&5 -
z 50t !
2 |
| d,
0 : 100 200 300 400 500 600
' B S
c Number of pixels

Pl 2 i i 28 AR 3% RO XIS BB T s, M Tes SREELLR R M« Moy my FIME, BV ROT XIS AR KR o s o B s € SRR s Tk MR R 4L
o FEIEEBIET, D1 DaMU S Ua2r 38R ROT AR CRE R MR G s AN S 5 AEACEBEE T, wps di 7351378 ROT A FE bk B RO 132

SN LT

The red dotted line represents the threshold T's,, and T of the ROI, and the green dotted line represents; M, M> and m, the position of the midpoint of the
horizontal and vertical coordinates of the ROI; The solid blue line represents the projection of the seedling image. In vertical projection, Dy, Dy and Uy, U,
represent the start and end boundaries of each seedling image in the ROI, respectively; In the horizontal projection, u#; and d; represent the start and end

boundaries of the seedling image in the ROI, respectively

B3 EigrRE

Fig. 3 Projection of the image

B RS O TE B B 7 7 R R, s —
N RE T, (B 3 Sl 2R y=T,), K15 & 55
5 H Ts, LB, 18 & B >Ts, B, E H
ROI X, JEW T @ 5 B N T, MG R A<
Ts, 0, 58 XAAE ROL X, WL EE W E N 0. H
W, BET s, 27 s T O B ARG 2 A S 4E,
T /2V7 80 1A SR Y E K 5 AR R A
RSP 35M8 . FERRAT [B) AR IA) 0 28 BB AR R RE
T, R T 4 F U

I EGTEE R (K 32) W ERARFEhE DA
ROI [X A 7R (12 211 Dy Dy 530 F Uy
Ua» 28 1k 11 50 3R H A RS ik X B 11 o s M
MAERFER A O B AL bR 3, nf SR 15 R
AKPHERS (B 3b) Rk Xt L 6 o s B 1 ARG o
OV B I AL bR R, 730 T RS AL bR
N (M1 my)~ (Mas my)o

T 3k 7K SR A B AR TR EORS Ak R R
VAN N RERR O AT B RRRIE A R, [F R R
A7 A W P T R AIE 00 A DA 2 SR R U A7 LE
W 4 fioR, 2055 A B 2 AR 8 A X i R Ak
TR A=
2.3 HEERETE

5 1) i P e T o 2 A 0 A B S T

A. B: 241 ROI [X 35 P P ik R ) 52 fL R
A and B: The positioning points of the two rice plant images in the ROI

B4 FEHIREEEN
Fig. 4 Projection position of rice plant

DZHI R o TR A S B AR Sk A A X [
5E » BB AR A bl 72 R P i AR AR R B ANAE,

DRI Ib, SRAGH P T O 2 SRASHRE [7 i P ) S B
FEAE TR ) 5 8 A R A 3R AT i A 0 U
B, T WL R AE S PR AR AT A AR T A AL
R, FERERGRK . HAh, IR FRET I
W AFAE DN RFAE o Dyl 75 00 BT 3R B A R AE
REAT B 5 0, LSRR oh O R SRR R
o G Tk, R/ CaevEs HOE R, H 2
5y 5% B TP, BRI : Hough B Huill & H
LT PURE Sy o8, B IER, HiZEEAR T NS
B, SENPERCE . PRI, ASSCRA T AR A [ 9 75



5 ]

Wi, S5 TR P 5 o A 1) O PEAIL S RN R AT 22 ) R St i i 5 ik 87

V38 I S O A R T D AL, A X P
SR A N vl R N W =R A1 1B A NN =K (B
PAT OIS o i O 2RI AR ] 5
FE7Rs ip 2 AR PAT 28 1 B8 10t IR AL AR S iy N
FAEAT 2 b B HUS I REAR R o PG, )N
MIAEYIAT 28 b I 3 A, Poip, ) N A IAE AT 26
AT R S Py jm) N Pe(i, )P, IR LA HR
By Ax =i —ip U :
Ax

i = e+ (7)

Jm = Jjo (3

H 3 (5)s (6) R HFTA B 8 P (ims jum) VE N FE T

2k LB BOSRE, T S, R AR B S VA Ak
BT RS, S 2R

l_' | EMEAT [ EAT

Left Right
eft crop row|Right crop row

Py (ip))

- ——— ¢ —— — & ——| |H
Ax

w

S wEtOsiREE
Fig.5 Extraction principle of center line of seedling belt

AR LR B 7S 3R Hough 28 #e DA K B fgk [1]
YR 5 1573 Sl R 6 R R AR R AT 1 i o0 R R
CARE B 7 1) A S PR 0 ot i 5 AR B AU, A AP 2
RS P RR e ZE A D P S A HE R PR AN 4R b, DAIBIR
Kb B (7 400 I T Dl S PP i A, AR
WA F L. ARMELR IR 1, B, b =3k
AN A f R, (ELAUL A RS HEPE B ZE s Hough 22 #t

*1 BEUMAFHEDT
Table 1 Analysis of straight line fitting method

£ N WIRFS i A I 1) /s
Fitting method ~ Standard deviation Average fitting time
N SR 42306 0.12
Least squares
Hough”F 3.100 7 0.41
Hough transform
Fafi [ )4 2.8422 0.17

Robust regression

LEAEENEOL T /s ik, (BT P A BN 8] AN B
AR M 96 A2 Bk S AR SIS 1R K . R, AR SR
A HE 1 15 I I L ) A i 1] U A D AR AT o 2
{DEDSE WIRF

N T ASEERAT AR 15 i B RE A1 D JBE e R KA
I 5 R o e A v B A 0 2 TR R A AR
B g T AR AR, LA HIORE 70 i B0 A SE PR 5 o )
AR SR 2 LA A O 2R SR AR, BB Sk T I
i1, 225 3CHR [25] FFARGE /ML G AR R ) 43 H R
AR 5 3t AR AR R B 5 R

%)

= ©

(10)

A, Z JRARHUEE Sk oo 3 3206 A b5 M TH A2 R 0 R
5, mm; W H, 735302 BRI 58 AT B, mms x
yi 73 BT BB A bR 2 PR R SRR AR AR,
pixels; xm~ ym 73 27 BGRASAR He 55 AR XTI 3
T AL A7 R T AR, mm; fo R AL AR R, mm;
O MHLETRT A ().

3 RIEEIEREIR

3.1 RERIERGERRTIERE

WE R R R R R WE
EL A3 5 17 1R ¥ I 6T R B 2R A B A% SR B8 2 R, o
R IR I EESHON TAEIE 7 40 bar; % HLg) 77
I 1) () 32 B S HON A FF 5 I LI 40 mA, FE &
40 L/min, [EA 42 120 Hz, [LJE L 0.8 ; WL HLAY
FESHONTAETFE 100 mm, 75 2E EH AL 40 mm, W5
FEFFEAR 25 mm; BN BARBNFESH N E
FE 142 mm, ZEVERSIE 0.01%, S H55% 1P54, HifT
K TAFHFE 10 m/s.

R R % R G B R R A O L 2R S YR R R K
STC89CS52 ¥ WLIE i KRG UL . TAER, i3 K
1 2 0 SR FE RO ) O PR R IR 1 R 40, 4R
PR B N, R AR RGO MR TAE, |
PID 2 il &5 42 1) ¥ b A8 7 1) 1), 50738 A0 SR AHE AT
A e &, fHLEE (AImALI) B30, ik oo
B B AR A AR LA B o (RIS, o B A 2 B SE B
e, I B2 AT #2 1% JikEE (KTRC-125Lmm) X 3
4G B R R4 B R WL R G, T8 R P PR Fas il , i3k —
2 Y DR R O 22, SI BULRE P DR VA R A
JRIAE 6 frs.



88 HErg RO K 2= 244 (https://xuebao.scau.edu.cn/zr/hnny _zr/home) 435
) TR LA 7 e i .
HHEE i BE PID %l 4% Hydraulic TR gL WAL
Expectation offset| PID regulator proportional Hydraulic cylinder 7| Correction rack
directional valve

BN AL

Linear displacement sensor

6 REFERGHEERE

Fig. 6 Principles of hydraulic regulation system

3.2 RERIE RGBT RS R HE L
ELA e a1 (SV) X AR Ge s — T I — B ik
GIIATTRR, HoAk i s ] KR 0N

Ub, AR R GRS AL, SEiE i Amesim
Y IS R G BAR R, I 7 PR, R FE
TAE s B R 2 VAL, f5e ) i Matlab K 2k 1k
e P ERAR R BEAT Z KRR, FHRGRE QA 8 B

26
0, v (wsv“ oS 1) T YRR REOR, R R GRS R G
OsvEarT 52 o U0 TR Ap 4 0.000 7 m?s H I I A iR

s Gey 9 LU 45 1) 16 % 2R G 52 1 1) A 3 o
QoL A #8170 1) PRI B m/ss AT H
LI As ksy A ELATHR AT IR ) 22 BT 0 R, mYs; wsy
9 BG4 17 1 1) [ A5 A0 rad /s Esv N ELAT 46 ) 1
WIRHJE L S Feom i A4t o

wgy A 120 rad/s; LA ) @IBHJE EE &gy o 0.85 W]
JERLRIBHJE EE & A 0.2 3 ST R E A AR w0, N
67 rad/s; L3 & 5 LU A5 62 7] 1) P 25 21 38 I
K, xkgy N 0.001 96 m’/s.

VB0 19 3 L 33 415 00 T 5 2 A g 92@2
T 40 0 BELJE L4 A0 4 %, S Ak )
b X=X (10) Fros: N AllB

b o5 @
0 1 |
APS(wl+wIS+1> 7 ®
oS 1

Kb G, R L AL B A% 386 bR 2505 Xp AR 7SV L
HI AT AL E s Ap RN ELA 2 TAEH A, m?: 613%
AN AT ELE b s w RS WU BT (Y A 3, rad /s
S IR P AR o

K LB TBOR 58 A1 D B A 245 A 2, JROK 45 3
N

BX

Al
AU’
o, KRR TR 28 5 AU R LU A5 48t ] 1) 42 il
L
BT AL R AS AT IA Ry — AN EL R, B
ot R AL (Ky):

K

(13)

6O

1 455845 55 20 PRI 0% 3. LEIBOR 2% s 42 LU I 50 BEVR IR : 6:
HEYE; 7 AR s 8: WREL; 9: RATHATHLI; 10: B AL K AS: 11:
YR

1: Given signal; 2: Subtractor; 3: Proportional amplifier; 4: Proportional
reversing valve; 5: Relief valve; 6: Oil pressure source; 7: Oil tank; 8:
Hydraulic cylinder; 9: Row-follow actuator; 10: Linear displacement sensor;
11: Oil source

7 ET Amesim BRERGHEEE
Fig. 7 Hydraulic system simulation model based on
Amesim

I RGP ) S B, SRS R
PR WAL 33 e N, o, bl 46 1 1A% 32 pR BN A 1 T
Wl
1.96x 1073

GSV: ) 5 (15)
AU 1 1.6
= A (14 (5505 ) * 05 *"
b, Koo B 2 14 % 0 it 2R, 38 B 1925 (T 44 8 B SOAT TS 2K
A1 AXp RN B4 G- 1428 16)
W 42 B R G — AN R AR M R G, TAE PTT O 2x02 7

AFEE, RGNS HEAR, LELRBNRE .

ok
125253 42582



gt AR 20, 45 T T T o B R 8 1 s BEAOL o SR ) AT ¥ 1l R g i SR 56: 89
. R T A5 SR 7 0 R
E’;@%;;g%f TR WL T 8 1R R 3 6 2

Calculate the zero poles
according to the state

Calculation of servovalve transfer
function from proportional

Calculation of valve-controlled

Calculate the state equation . .
d cylinder transfer function through

according to Amesim date

equation poles directional valve pole
e i 77 7 1 1) 3 6 e i
G Gl BRELARHE I 125 4
Standard form of valve- i

Standard form of proportional [*
directional valve transfer
function

controlled cylinder transfer Gain distribution

function

8 BEMEESHPHARE
Fig. 8 Identification process of hydraulic valve control cylinder parameter

3.3 ETF PID EZARITHIZNLIT A A Ky« KKy 53 73 N Ee B & . FLor R BN
NTERFEBREHEE R BB, AC&IF T M REG e(n) MZE, BB EE R EHE 2 Z;

J1 PID 4% il G0 U R e AT 4%
HHS PID 8 il 3200 v i 19 28 fih P 3 A7 R 2
P, gEpEeh PID X i 2 BEAT B IE A 5 RE 0 -

e (t) NEEHIE, 1EH T8 x0 R I 5] &t =1
AL

M F Simulink 22373 R R AR GnE] 9
FioR o

de(t
ea(t):er(t)+Kije(t)dt+Kd dg) ) (17)
3 1.96x10° 1428
T .| 1 v 1.6 —> 1 2x02
2 i S (76057 *7605 ! 55t a5 S
| 4 6 . 5
Au
At
5 ; ||
<Tle
F]

1: 45585 s 2: A AR 3: LU R B 4: B0 REG 5: 000 REG 6: BUM % 7: 0000 2% 8: LGB W% 328 bR 2 9 MRS A% 3 R K 10: BRI RS AR IR
LS

1: Given signal; 2: Subtractor; 3: Proportional coefficient; 4: Integral coefficient; 5: Differential coefficient; 6: Integrator; 7: Differentiator; 8:Transfer
function of proportional directional valve; 9: Valve controlled cylinder transfer function; 10: Feedback coefficient of linear displacement sensor

9 ET PID RERGHERKRE
Fig. 9 PID-based hydraulic system simulation model

PID £ 1 48 2 HOH 5t 4 Z-N Vo o g .

735, A9 0 L P 2R 5 M S 3 1 2k e o
IR S5, WEM R G T HFRRA T A

R WSIRIRG ML (RARTIARERE), 25 | e B IE

R AR S W00 30— st ke E 20 I
QAR 128 (I T L 35, 1 TR0, 004, Expansion of hydraulic cylinder
et A b ST DA R 88 MM 2 A 002\ Rospones eror
BHUHE E K,=30- Ki=2. K4=0.08. % %Ml 5 il 2% o1 L. . . . .
10 Fi, 455365, 1% PID Pkl Bk IR R oot e el
AR Y 0.2 s A Ay, i 2 8 e 5 il Rt 10 PID 55200 R H2%

2K Fig. 10 Response curve of the PID controller



90 Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)

43 %

4 MEEERTH

41 REEFH5EE

7K TR AL o5k B4 1) JR 4 TR AR T AR
A2 DT B ZOKAE PR AR R R gl i AT,
BT FE R/ B A i 7 1) AR AR LER N
FREHL AR o IR ACRE b R A R A R 2 i Y
et 338(H 45 : WHifE 2013 015), /KFEATER
30 cm, FREE 15 em. EFRHE ARG 16 d( KFEL
W E I R G 7~30 AP $EATR56, Bk 35 em,
LRI, % ECHE & B AR E Echinochloa crusgalli-
T4 Leptochloa chinensis 55 R AFEHEYI N E, £
=N 3~7 cmo

W6 LAFHE K PZ60-HGR Y 3fe Ak 2, v 3 i B AL
NG, HEE EUE KR RA B 3k YR
BRECHL, R B L e b R R G PR B4R
JR A AE BRFLHLSE b, AR IR B S AR PR Pk ey bk
BE, ESBEAHNL 2238 = BEZN 450 mm, $048 M TR
T o [RIEST, DAy T 3 St B AR AT Ak B R R 5
e, SR £ G FE 1AL Sk By AT I e AL e . 22
i, EURRESAFIEE R 0.3 s, L HE RS
PR BR VR 2T (5] 24 0.34 s, BT L, J& N R el 2 %4718
R SR PEEER

R IIA & 11 Fras, A7 18K FH iR e )t =X
BrE s, /ENL 58 N 20 mm, @15 A 5k
FENUR A IEFE, Tl 00 AT 248 1 71 o 53 B A ol
KB, SRR o

11 GBS R G HE)H
Fig. 11 Field test of seedling avoidance control system
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Table2 Comparison of seedling injury rate with or
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