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Multispectral Diffraction Identification of Rice Disease Spores
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Abstract; Rice fungal diseases mainly rely on fungal spores for airborne transmission. However, the
morphology of various rice disease spores is similar, and it is difficult to distinguish them by traditional
spore trap and microscopic image methods. To be able to accurately identify target disease spores and
locate the disease source, a multispectral diffraction identification and disease source localization method
for rice disease spores was proposed. A large field-of-view, lens-free multispectral diffraction imaging
sensor was designed to address the shortcomings of traditional diffraction methods that cannot identify
morphological similarities. By analyzing the disease spore diffraction fingerprinting, the multi-spectral
diffraction imaging characteristic pattern of rice blast and rice curd spores was analyzed. By integrating
the morphological characteristics and absorption properties of spores, two characteristic parameters of
fingerprint separation intensity and relative peak difference were proposed to establish the multispectral
diffraction identification model of spores. The spore propagation law was analyzed by simulation and
calculation experiments, and the diffusion model in the process of spore propagation was established by
coupling environmental information. The spatial distribution of spores was analyzed under the conditions
of non-directional wind and directional wind, and an iterative plasmodial localization algorithm of the

disease outbreak source was proposed. The experimental results showed that the recognition rate of rice

WA H 1. 2022 -06 26 & H ). 2022 -08 23

ESWE: MEAKFEIEE (W b)) B H (32171895) | [{ 5 1 £ 0F & 31 % B H (2019YFC1606600 — 03 ) | {1 95 K 24 R &< 2 3 i H
(NZXB20200205) 7K i A= 1) ° [ 58 T i, 5 96 22 JF A i H (20200302) HEE LT BHE 30 9T H (2021A05235)

EEB N : BT (1984—) 53 802 1 LAE R0, B2 NFHAEES A S LRI HARDETE , E-mail: yangn@ ujs. edu. cn

BEMEE: BFEF1961—) B 0, LA S, 8N F B 34 5 HORPIF , E-mail: maohpujs@ 163. com



5% 4 1)

B KR T T 2 R SR 5 0 I 7 b B 251

disease spores reached 98.5% , and the localization error was as low as 4.9% for undirected wind

conditions and 7. 1% for directed wind conditions. This method can provide a reference in locating the

source of crop disease outbreaks.

Key words: rice disease spores; multispectral diffraction identification; spore diffusion model; iterative

plasmacentric localization of disease sources

0 3

KFEEALEEMREEY " 2t RA
—2 g AT o RT, KA IE 5 5 4% b
R EER e ST S YA =N G it
g TR R R R o O R
Wy T RUPR T R RL R TR A 032 0 A
Bi7 i BE 45 5 105 B T 6L 0 702 A 4 L S AL X 2
Ve T AR I, T EL A E B 1k 3 260 5 A
Kk R

HAT, KA BRI 7 v A 2 R e A 37
BT v | TR I | O AR 4 b ik
ks, W55 4T ) SR 4 H (6] 08 BE 45 3R 5 1%
BT E R L AR SR R R E R R
S B R TS S, R % 1 0 PR
2 [ £ )P T B R AR ke W K R L %
R E L, B ERMg A F RS
A (9 K R85 bk, BRI 3% 7 TR IR PE R R B
2 P G A% AR BF 5T K R B AR A
%07 Xk K A o A U AE R % 1 T A
SC G 3 ol 5 A AT, TR E T ORI ER B
XTAO 25O Fi] 3 T 3 BG40 B 1 17 4 7% o 25 0
246 ok A 958 0 A7 L, A 5 Dl I A 3 30 R R S bk
R BF T K R 4R K B I B — S R
B 0% 707 5 R A 22 1 ) AT 1R 0, (L2 g i o
O 2 W AR e, I Bl T AL 7 00 46 00 A e 2 9 S
DRI I, 3 — 7l K A L G 0 i

TE K 9 3 48 2% T, A R T R R otk e T A e
M BT R AT i 2 SOR AT R B A
b AT A7 AL B, OB R T
() £ BE 2%, G BE AL 16 2 AR TR AR T IR B A T
AT DLEAT G R R AT AR I . H AT, AT AR I Oy
W A BRI TR R OB R i
g LA sy T P A FROR A A
B85 T TR bR R o 33y ok
HEMTREREATHAFENT TR T,
FREARAE BN, DA PCR A I {5 6 4805 11 14 24
ARk, TR R A0 TIAN 2P
B AR AR T TR A I L 3% 5 1 v
8 H 3 72 6 0 3 98 K 2 FE T & 3R AE 5 iR

il

B BB O A O AR AR R K R
FA T 107 AR R RN TR A AR SRR E , BE
FETE A4 5 0 A b X 40 R s B 46~ SR,
XFFIEAR (RN B 2SRl B 65, S e RS vk R
BIMERE AR eAbh, 1R 3 By ik A # v Ho 2
L&, ANE T K HEIREE. 2019 47, 2 3 B il
T T AT G A ) TR A D A L X
¢ BRI A 48 a0 E A AT 0 R EIR R A8 HE B
P | N N N R R | A NS /3 s i 1 AL = S il
TFEFANRH TAERREE T, SR, %25 B 00 Ja BR P e
T HEERBUE B 2= FR4E , X A0 LAY #7185 51 1=
ZRK, L, B TR 7 — i Ge 48 X JE 28 A L) 1
F AT HERR R B Y T ik o

o AR R VR ) LA U B T 7 R A TR
), I E SR R R R AV o T K R e AL B
W S AR B E A T AT i, R Rk
5 AV 5 23 AR Hp T e SR A VR A 57 EL A A R A
WU, TR AR T — Rl B A 2 A MO TR R
PEAT RE 7 B Bk 8 45 9 . CHAIWINO 2577 33
o T S AR T TR O A TR X A% SRR I 1) 3 Y vk
BEEAT R, B E T 2 RS Y 8 IR 0 B
TOMOHITO %" 38 3o £ A4 o o R 4 e 1 {5 L,
FHAE 4338 22 [R) A6 7 v 00 2 Fhois Y PR X A . PARK
VBRI T — B IR TR O 4 R A A A Ak Se B
Xt 3 A TG e R E A7

R i PR b AR TRl AR SR Y —F K R AT
22 GG TR 5 e IR A T s . T RS A
T IE 25 R AE R0 WG SRR 46 A R AR S B0k
TR F 5325 AR 18 A R i iR 70, 2 1 g T ik
ARy EE VA =87

1 SBMHRNEXRTAER

1.1 T{E/RIE
L 1.1 26 AT o ni g s 8t

Z AT AT A — A 2 T AR R R AT
S PR A I A S TR0 o SR R AT S R e {5 i
PR AT 23 ToBR 22 B X BT 3R o 3 28 X T8 287
PR R T R P BT T A% R R R
i B IR I 3k — BB AT LA 20ROy 7 A R R 2R



252 &l #Hl

3

s

i 20234

1 eikr
UMy = [ UGS RGO dw (1)

X UM) — 7Rl M ARG

N 7 3% T A AR AE
k() — i} = %k A—H R
k——% 8 M,——" 0 E

W1y PR I i T
MM B M

JCUEE i AR AR B R T W, B i
T B IR W Wy D T W R S R ) W 1
P W, PRI 28 AR 5 PR 1A A AR SR
P8 2 4 AT S 200 P

r

t(x4,5) =ty +At(x,,) (2)
L —2F kY
LW H B %Y
A—Y kY
x,— I B AL bR

yo—— YA AR

Hor, e m U 1o R G i BTG U 3R
MR 1B AL, XERE S LY 5 iEN %R
AR o 37 55637 1 PT343 21 1 : F 0, AR 3R 09 OF TG
W2 2% 6y, HoAe CMOS -1 F Byt 2 4 1 R,
FoR sl A ARERBOE I W RO %, HoAE CMOS
ST R 0 Ko, 250 5 Wikt
FHE T, CMOS QA% I - 11 F 1 ik

I(x,y) =10(x,y) 1> + IR, 1> +R,0(x,y) (3)
A I(w,y) —oL5m A

HRAE = (3) W] ABE AL K B AT i JE AR W,
RS EER A TP AR SR A S KA R
i f o P SR A D R B D FE S 28

X T 20T AT O R B W T R R
() 2 328 RS, Herh T(A) R A6 IR A O 15 o) 32 43
AT PRE, A (X)) o 3 51 U i 19 63 2 23 40 1 pRi
B, T ) FoRAT I BCGR FR G i) B 1 37 S5 %6 ok 5,
S(A)F/R CMOS FHHLAY G 15 17 1 oR 45

CMOS MHALEAME R By [ R(A,) AT KRR Ny

R(A,) =A(A)w(A,) +n(A,) (4)
X w(ay) D 2y A A e KL

n (A, ) — I 15 JE A [

FEX — i b, 7874 Al 1 WCRE P 7 CMOS i
BAL AR B R LR E] 1A,
L1259 i 2 s B

h e B A S 96 0 B 0 A IR B, AR S B
RAF 6 1T SolidWorks {7 %) 52 4 % R AT = 2 gl A8
I ANSYS B4 %) 52 56 3 P4 ) B2 37 0 A7 A
SR T AR S5 #4077 3O A58 10 S A7 A% 351 73, 2046 1 1

A DXUATL RS 302 P P A%, 2L A2 7 3 6 JEE AR AL ) 20K

S5 3 rp ) AU Bl AR S e i A L B R
FIRE T AH S . S50 % A Y 25 LM 3 3l , 7T
PR AN T A A o I MR 4 ) B 2 B 2 B I [
I BENLEAL o b — o BT T T3 34 25 SO i 37 o

e RO R B Ay 2 b A 5 T B A, T
PATH 58 A [ 7 8 1) 98 5 88 o A SO T R 7 ik
TR T2 A, PR W 7 1 B R 4 R ROk Bk
HT T 256 = A K Bl R A T B AR, AN 5 8 9 K ik
BR8] B il 48 o ORE 5B O R

d ) _
Yoy + &L TP (s
de ! P, ’
18y C,Re
H = 2O 0T 6
Hr T (6)

Rof p, — UKL
p—

g, — 18 A 5
p— UKL &

u, R o i

u, x 7 [ it i
F—MEAERT
F,—Hi )
d,—— ok B AR
Re, LRSI

C,— i R &L

L1335 & R AT E o 505 I B

T SBR[ BRI 26 A TR A 0 B IR XA
TR AR SCHE I T — b B T 22 A% B T R B 0
UERRRE i R 7 SN I /S B AW ol VA BRI Y E S 2
ARy < G A AR DI A LB A n SRR
R, 25 A s AR AR AT A T R
CENCICE SURREE S VR G ok Ui at)
SR DA i, He A B8O O AR B B A
TANBOR T B 6 2L B 0 5 78 T F (R Y
oo WG LW € AL, I 4 TR IX kAT BT R
4 B0 A DA i 3 DR TIUA B 0 6 6 B e, i IR
WAl 7 B N

(x1y.) = (xl +x, Z +xk’yl +y, ; +yk)

(7)
A Cay,yy) — 0 F BTG 0 80 07 B AR AR
"5 R
it 2k — 2 1 R e T R RORS  0 EL AR AL TR
v 1 R A XU A XU 5 S 25 R R R BT AR T
o R4 A i R W O A TR R R B0
Bl AT AT 9 s B8 A B e 0 R 3 I



5% 4 1)

B KR T T 2 R SR 5 0 I 7 b B 253

DI N SEREAR B D71 05
BT & A

EATEE
S SE B

| mmmermcns |
v
| moznwmenes |
v
L wmowmm |

B R AUE R R A

Fig.1 Flow chart of iterative location algorithm
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Fig.2 Block diagram of sensor node structure
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Fig.9 Spore propagation pattern with directional wind
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