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BATHERE . A PR, BYUIRIEGAE ST LL AR EE . S ERIEYE, RS R EE, P RARYE, DREdEE
k. R, BIE487ERE JIMLH] (squeeze-excitation attention) FIH] AL (deformable convolution) 5| A\ YOLOv7 £
R, HEN R, DR THE PRSI PR SRR /). B, MR RS I YOLOVT Neckblast F7 ,
T L - F P, YOLOvV7 Neckblast REfS 5 RO AR IR, THEH 15 AN A ARSIV 0 R AR E 25 (1. 3. 5. 7
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W HE 295 96.73%; ZHANG 2517 JET- /K A8 98 1 v
ek EUR, R SRR AU R AL T KRR I G R 1)
FERE, XFHRCTT . ZORERT 3 AR A 1 7K R I P DT A v A
2Rk 97.78% 92.63% A1 92.20%. SR, FIRHFF &
S = Y N IR B A ROBE T AR A0 EE A D A
ALY B AR AP AGE RE v, X TR 03t 4
JeNE

To NALIE 3RO A% 328 e HOs SR U E 0 R RS 8
SEATFENE A N RAED (S B P 4t T = F
B®), DUARTE-CARVAJALINO %5 3£ - J5 A WL 3% 1)
2 PG T 4% S 52 6 2 05 15 R 11 7 B R R AT VA
HERR A 74%; 3k Hdm 2500 R A I8 AP B AR FA A
BORE BUEAT TR, KL 95.17%: DANG %51 4
A TN RGB AT A4 S T 85 DA 2299 A
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FIAG T AR B3 93 DR F0 AR I R A B S TS, A
[N 66%; AT RS b T RERE B AL R T AML 2
ek R, IR T BRI AL 1) BP R R, K
FERIL 91.7%; 75 320 3L+ A HLIE & NPCT i
87 50 UG N T /N 26 i %5 A5 7Y DenseNetl21,
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B HEAE TANEARF SR (R MEBRHZER;


https://doi.org/10.11975/j.issn.1002-6819.202405029
https://doi.org/10.11975/j.issn.1002-6819.202405029
https://doi.org/10.11975/j.issn.1002-6819.202405029
https://doi.org/10.11975/j.issn.1002-6819.202405029
https://doi.org/10.11975/j.issn.1002-6819.202405029
https://doi.org/10.11975/j.issn.1002-6819.202405029
http://www.tcsae.org
https://doi.org/10.11975/j.issn.1002-6819.202405029
https://doi.org/10.11975/j.issn.1002-6819.202405029
https://doi.org/10.11975/j.issn.1002-6819.202405029
http://www.tcsae.org
http://www.tcsae.org
mailto:hyweng@fafu.edu.cn
mailto:renye.wu@fafu.edu.cn

21

FilF RS TEANURTEIRSS S YOLOVT Pud il K FE A SuE bt 111

BAIT ) fif FiT i e A ATL38 Ja PG R S 1) o o] DA 59
A T KRS 2 A IR L T R, U RACA
0.86, ¥IT7HRIRZE Ny 0.65; GU 25U 4347 7 /K G FE 48 5
AR T AL Z g R, RT B 0.93. LRI RHE
B, T8 AALIE B A 40995 5 R BRSHAG T B A T AT 1,
EEEWE Fse i, BRI B R i E B ir, &
R E AR AT B AL T, DAV AN A AL 15 SR
X9 SR B AP . B AR N 4% el TR E S AR
HEATBRRE BT, A A T AN A ] R R SR B A
fE, M Bh T B Ak E A FEE . MARTINS 261 #f 78
F W], BEA Inceptionv3 =T M 4% 1) Unet 155 74 7 A% ¢
Tt P 500 52 8 I e A G (1) P B AR PRI, HEAA A 83.63%:
BUTTE 216 U-Net )45 4E fil & 3 RetinaNet 45 74 1
f 7 T Retina-UNet-Ag #54, VP4l T ATIA BG4 %
B A R e AL, FIE T REUE L 74%; B
240 FI ) Mask-RCNN R 7R S8 7K R -9 B A A
W, IR H IR FESME A 71.6%. HIER A, 2T
3 o 220 ) 49K 242 1R R TR 9 o AR 250 G A 00 A 47 4 2%
LAl B AT

g LRTR, N T SEHLKERE & R A B B G P
VAL, A TSR B T A WL 25 38 J8H A 3 OCRE 396 (14
RGB E%, FIFSE i (e e pEA St 4, BInke
ARZFEME . JE I U0 A FE S A I 3 S A M A, SRS
FHF e AL B EUE R SIUR 400k B RR R, A S
B FESUR AR IN PO S Al TR 2 S B R, DU R
P ] R 70 A Ao oo P A 8 RO, 3 v /K R 7
R 34 A O R AR AN S e HE R R, R N LAl
BRI ABAR S

1 RS

1.1 R

T 2023 4 6—9 AfEMREE HE T Ehl B EUK
TEHiE L R (K2 116.42°, 164k 25.05°) JBIFRL .
WRIGRE RN 0 550, BF0 N 15 DMK, BANX

1 AKEE P, SE 15 N aFl, 2Rl RPIR 676, A
W4 ARMNRER S QR 151, 18 A& KREFR
12, #8%& 5. 22E123 B4 35, 22E61 RELL 25,
8 fLLL 355, 22E7419 #r. ML 3 191, FFHEKE 945, R
212 5 MG 6L 6 5. BA/NXK/ANK 1.5 mx5 m,
AHAR /N X AT EE 20~30 emo 56 FH PO J& FiivkE 2 A i
P ROKFE M, 3N e Baks 3 S k% 4 5. BT
G RRAEEI,  HB 53 7KORE it A e B AT IS H AR 15 00
(ERS-A TR e 2

B KRS A S0 R0 2 40 AR R VAN B i
M OKFE MR IR R IR P %5 08 5P BRI )
(NY/T2646—2014)2", R 56 H a2 5 RS RS -
Horb, 1 ZRESTUE 1) K RS _E LD B RN HOIR K AR
EIRBE, BRIV K0 RAE 0~5%; 3 HARSUR 1 7K FE Fll
HURPE ARG 2, (R R SRR, FREUE A R
TE 5.1%~10%; 5 e BRI (1) 7K A5 A 25K 35 3 4 A4 1
o PR o T e BRI A3 X ek, AR IS R FRAE
10.1%~25%; 7 FRESIIE () K R RE ST ) LT 56 4 4t 093 B 78
i, RA D KA G, FRIUR K AL 25.1%~
50%; 9 ZAEIE KK FERERI e A B 2, ARSIV K
o FAE 50.1%~100%. 5 i RS 5 508 B 1) Bt 1 4
Lot (RO FHt (MR) . HE (MS). & (S)
Ml (HS) .
1.2 EHERMEERLEE

KB SCR A BB W Z HRAL K & (penta-primer
amplification  refractorymutation  system, PARMS)
SNP (single nucleotide polymorphism) 73T RBFAT Pib.
Pita. Pi2. Pi9. Pi5. Pi54. Pi25 fil Pit 3t 8 NUREIE I
R IEEME D Fhrid (£ Do S TRRERRICIY
B B A TAY A R A A 4. DNA 42 UK A M
] CTAB ( cetyltrimethylammonium bromide) % o
PCR (polymerase chain reaction) A& ZR 3 15 uL, FH
FALFE 6 ul [ Mix, %% 0.75 L BIIE S H 5140, 2 ul 1
K4 DNA #1 6.5 uL ) H,0.

®1 MBEERERSRMESFS

Table 1 Specific primer sequences for rice blast resistance genes
H B2 EIE/ B 75 (5-3) BER BRI ERPCN
Target gene Primer name Sequence (5°-3") Gene fragment size /bp References
Pib PibdomF GAACAATGCCCAAACTGAGA 365 [22]
PibdomR GGGTCCACATGTCAGTGAGC
Pita YLI55F AGCAGGTTATAAGCTAGGCC 1042 [22]
YLI55R CTACCAACAAGTTCATCAAA
P SRM24F TGATTATGTTTTTTATGTGGG 111 (23]
SRM24R ATTAGTGAGATCCATTGTTCC
Pi9 Pi9F ATTGTAATTCTAGCCTTCCGTCC 500 (23]
Pi9R TCCATTTCAGAAACAGAGCACA
Pis JJ80-T3F TTATGAGATTAGGAGTGTAT 442 [24]
JJS80-T3R ATGTAAAGGCAAAGCTGAT
Pis4 Pi54 MASF CAATCTCCAAAGTTTTCAGG 216 [25]
Pi54 MASR GCTTCAATCACTGCTAGACC
Pids Pdg-CF GCCATCCATCTTTGCTCCAC 274 [26]
Pdg-CR GCAAACGGCTTATCGGATAATC
Pit tk59F ATGATAACCTCATCCTCAATAAGT 733 [27]
tk59R GTTGGAGCTACGGTTGTTCAG

PCR X M FE /7 BFE 94 C FITAE M 5 min, 94 C 4%
30, 55°C Bk 30s, 72 C &ff 30s, FLIEH 35K,

)5 72 'C 2Ef# 5 min, 4 C ffff. PCR KM TG, 7~
Wzt 30% A M Bk % B I8 7E 1XTBE ( tris-borate-edta
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2024 4

buffer) LMl ATHIIK /5, HAEER Rgih i
SR AR R,
1.3 EAVIEREGRES A E

KH DII Mavic2 Pro B AHL (733 5472%3 648 14
%, JtEEUE 5.6, PLITHE 100, EEJEEfA] 2 ms, £E
FE 10 mm) R BUK RS 25 I AR S0E 4% . B ANLIE
TG R AE RS [0 2023 45 9 H 26 H—2023 4£ 9 H 27
HI 10: 00—11: 30 1 14: 00—16: 30, KM, =
1 20~34°C, TEFEW, FXHEE 83%, K NARFEX,
MJT 2 i RK . TEANL AT EE 1.0~1.5m, fi#E
B 555 ] A BN 60% 1 70%. X5 18] SR 4
TAMLEE 2 565 5k 2RI FH A3 =il i T AMLAE
FEHATHT 20 m = 4 Fa 4% G )5 R H DI Terra 3443047 PF
, Bl la Wiy 6 NME/NXECONEE ZE S XG5 X
WK REEIR, RNBR R .

N REEALET L, WA 2, 1%
SRR B R AT V2 AR T0, AHIE FLAE R AR X 5k
S EIUN RSP G (<<1240x1 240 185D AL E,
INRSF BT e . AR, PR BT DRI oA X b R
BEMBENLA A L. )5, S8IEER, ZRoE
HEEGE, BGEET mE 542445 (K 1b).

11

16°40'E  116°70'E  117°00'E 117°40'E

P! P iy

25°70'N
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24°70'N : o
e e A =g, ) U]
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a. WAISAE H

a. Experimental rice field image

5472x3 64814 K

ANRFREIg LA S
<1240x1 24014 %

b. EG a3

b. Image processing

B 1 RAERBERRRE AR
Fig.1 Unmanned aerial vehicle (UAV) remote sensing image
acquisition and preprocessing

14 ETREIERGE
1.4.1 YOLOv7 Neckblast #5452 A

NS RESTURL ) € A7 b 55 R AL s AW 5T 20 5
ffH YOLOv7. FCOS ( fully convolutional one-stage
object detection) #1 RetinaNet % 7 7F J& A ML 3% Jik & 1%

X RS AT A I AN SE AL, FCOS SR & flghi, sz
BT i 30 o ) N SR AN HE R RS, H LA RO TIUE R id
FEME, T A 8 % A T 0 77 TS B H AR B4 DU AT 5E AL
WG T S5 AHEM G T HE 2%, (0 FCOS & fERA
78 EAE R E W EIEE, PR ERER S, HEAMK
T30 FHE T S 2 H bk g BAFE 2. RetinaNet 5
N EE S K PR B (feoal loss) , 3K T IEFEA AL E,
PN T FEAORCER,  fif ik T H BRI 2B A1 45 1)
TR HFRE & M 2 S0 T 2 REER) B Asta i, (HAF
FETHE SR TR RO a8, HLXT I 4aF0 /N B F5 1)
0P B AR o B (KEY. HE 8T FCOS Ml RetinaNet,
YOLOV7 A I RUZ R A M4 R IEER T 15, $2
HET SRR RN AU RE, R R T RSB ETL
7k, PRtE TR RGN, (BERRRT, Bk
AL SR T OCEE H AR X I8, X TR 2 R Bl 8
P4 E bRIRIGE S5, T BRI A A

R T A RCH B R U BE ) A TR AE, AR A
YOLOV7 H1 5] N4 ahiE = J1HLH] (squeeze-excitation
attention) F1A[AF L& F! (deformable convolution) , 14
## YOLOv7_Neckblast £ 5, DL [F & 5 Hb iff 5 8 52 B,
B M B TS 2 FF AR SR 400 FE R AIE, 32 e R S
IS I A HE R PE . YOLOV7 Neckblast H % A (Input) «
FEF M4 (Backbone) « FFAESRAL M2 (Neck) Fka il
3k (Head) 4 #imrdi. 1o, BURE P #1E 5 it
AN FET W FATRAESEHG, Rk E] 3 MFIESE . HX,
3 ANRHIE R SRR SR AL W G BEAT REIE LA, TR AR R
SPRHIE . B S, RE TS IR IR 2 A Sk A TR 25 SR
(K 2a).

HE— > #r & 2b, YOLOvV7 Neckblast [ 3= T % 4%
(Backbone) @it 2 IR GRS 2] 3 MEFIEE C3.
C4. C5, A THHEM &, XUREEHBHR (CBS).
ZZEH 1 (MulConvl) Fihft 1 (MP1) #5240 B
Her, CBS HHAHEEM (Conv) . #LEIH—14L (BN)
FIWE B %L (SiILUD ;. MulConvl BB H1 £ 4~ CBS # &,
A I8 B N\ B BT B MP1 B LS
%A CBS Ailf Kilhft (MaxPool) , 58 & T RAE#:AE .
FRAESRALI 2% (Neck) I8 2 URFE il & SEHLRHIE £ 7
% ( feature pyramid networks) F1 i 12 % & ( path
aggregation network) #fE, &Kt P3. P4, PS5, i%
iR A E) 4 3 Ak (SPPCSPC_ M) . CBS. | RFE
(UpSample) « % Z & 1 2 ( MulConv2) F1 it 1k
2 (MP2) L. i, SPPCSPC_M HHLE L £ A4
CBS # MaxPool X 4F1EJZ C5 FEATHAE, DAY K7 E &
52 ¥F: UpSample B SZIL ERAEDIAE: 1 MulConv2 5
MulConv1 FEH 25K AL, A HIEERAF; MP2 5
MP1 BT ReAHIR], H 4 H 0 T8 HO2 M\ B E R 2 .
il sk (Head) 3 ot i i 18 $i0R — g B AR E X &0
TREAE B AL 0 28 B H (R R AR J2 04T A 3, 19 21 A 8 1) Tl
gif, X — B EREH (RepConv) A5 B4 AL o
RepConv #H73 A IIg% (train) AHEFE (deploy) 2 Fiigh
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o train Z5KJERE 3 N7 SCRTHERE, FFHF 3 rSCEs
FRARMN;  deploy 45 #4931 55 2 H0 A 1) 45 4 o R4 2
S

A

MulConv2

P RepConv

MulConv2 ——

MulConv2 3

SPPCSPC_M

FEFMLs RFESE AL A 2% etk
Backbone Neck Head

a. YOLOv7 NeckbllastF7 5 k45 )
a. Overall structure of YOLOv7_Neckblast model

(CBS [CES s -

] =
LD G, 1) (3.2

CBS

(train) (deploy)

b, TR

b. Submodule structure

VE: SEAT NEZRHRNE R IWLE]; DefC NPARTEBRSIEL, € NITIEELG
cat NIEFFHIE; add BN

Note: SEAT stands for spatial excitation and channel attention module; DefC
stands for deformable convolution module; C represents the number of channels;
cat denotes the concatenation of features; add refers to the summation of results.

B 2 YOLOv7 Neckblast #£A! 2 4
Fig.2 YOLOv7_Neckblast model structure

142 ARFURAFAERG 52 ASMIAE S

N G A AR B SR R S RHE, EEREETIA
JE A Bh v B I, HORBEAE T4 (Squeeze) A1
Jih (Excitation) 2 N Be. 7EEZEM B, FIH 4R
AR RHAE B FR L N — A2 RRHE IR &, WA 83 BLE)
HAUE K2 RE S, EBb B, @d2EREN2R
FEAE ) S AT AR 2R AR e, A — M RCE R, T
BURFAE B A ) 5N iliE . Bk, @ o s 4 i80ah v = I 0L
i, AR e A% B A rh o SG VE G R SIUE T SRR IE B E
TUIRAIEE, TR ERE (B 3a) P2,

R4
Squeeze i
l (€, 1,1) Excitation (C,1,1)
g

Scale

i
(C.H, W)

(C,H, W)
a. JEAFSIIE R JIHL

a. Squeeze-and-exciitation attention mechanism

Vs

e

0 itz
'Z‘V Offsets field

osRt ¥

=
@

b. AR

b. Deformable convolution
e Hy W RINFHEEIRI AT, 2N A R EE AR
Note: H, W respectively represent the number of height and width of the feature
map. 2N is the dimension of the generation channel.

A3 3RAFAEA ML
Fig.3 Enhance feature detection module

Ak, PRI G B i SPPCSPC B bR 5 —

A 3x1 BRI, ARG B E B ARAZ T0VEA R 300

DX 5l Ry 400RE FEE SRR, T ) A8 T A5 AR % B 2R 3 5 Y

1) L AN ) P A U T D B AR T 4 PR T X AE R

WAL & Coffsets) {55, FFHRHRE X Lo % & MUk L

SKAE, TS Y B 68 T G b A WU 95 T X 31 4 b B R IR

(Bl 3b). BIFEFi Efgiwts, PibkE2ZE Coffset field)

52 2N, BIEEIR x fly J7 [\ i) wte, wIA T AR i) i S an
X (D) PRt

Y(P)= ) X(Po+P,+AP)XW(P,) (1

K y(Py) N HFRAE B AL B Py AR A, Po N
H R IE B B G RAR R, P, N NRRIE B A1 R Ak
¥r. AP, AmFE &R, P, + P, + AP, N AL HR, X(P, +
P, + AP,) KR NFFIEE AL E Py + P, + AP, b IE &
8, W(P,) BRGNS T P+ P, + AP, BB RN
EER
143 AEA M FEIRNFRAT

AT SR B AN 4 Fion, AESREL 2 565 KA
U AR AL B, D T R R s R e, BB
B 56244 5K (<1240x1240 12%), KSR K&
BEHRLE . %I 811 MBI BIEER 5 INGE. 5
TESEFIREE, SRJE% N YOLOV7 Neckblast, %t &
FEE. BEBUE AR RIS AN PEAS P IESE . DA
s (P (R (2)). ARER (R (R (3)).
FIfH (FD (X (4)) . #RAE (loss) « A2 FF L HAE
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0.5 I BSF IR FEBIME (mAP) « WF L S8
PR /INRIRE R R/ RERE FR VE RS B A 5 i AR
Pl T8 DX 7> AR AR SO DX SR K RE /7, 2 et AR ik P2 o A
R BE AT RORE A 5 X S F XX k. A el
R My EE AR A N TE A A I RSV X IR BE ), B
(1] & T AR e % B A R T RO X 38 P (ELZR
B ERE AR AN A IR [ -1, F1ARE, RIS
R TR (PR R A (. BURME A B TS R S
HAhRRE Z A 2R, BURMIBU R ER SR AR
B BRI A TR . IR R E R AR T
A7 BTV 5 R RAS RS B2 (0 2948, P i A A A
TSR I 25 5 VERE -

5472x3 648152 %

ARAFEIG BERLALE

<1240x1 24014 %
ﬁﬁﬁ({)ﬁl@“ﬁ

RS T bRT R AR
TIPS P 2 [

Yo

N A

RS

2024 4
TP
= 1 2
TP+FPX 00% 2)
TP
R=———x100% 3)
TP+FEN
2
Fl_ 1 i (4)
Pz

A A TP. TN. FP Fl FN 473 | 7 7= 155 284 1E Ty b s 1E
FEATIM A IEAEA IR W SREATION Ay S R AR 8
R b SR A TR Ay T A A () 0 RO T AR TR Sy
AR E. &5, SHRERRE, & YOLOVT_
Neckblast 73 2| FIFUIEVEAL 55 90 5 B Fh 4 KRR S bRt
PEACTEEL R, B0 UE AT o R S P 1k P A v 1

BN (UIZR5E  BiEgE

WMRE=8 1 1)

MulConv2

MulConv2

> o) >
sk
Head

i ~ »{_SPPCSPC_M
EFML HAEARA I 2

Backbone Neck

YOLOV7_Neckblast model

MulConv2

va
Nk R BRI . R R GRS Bk D)

LA AR P

i L1

PUPEPPAG S5 2 5 SE PR
BRI LA

IR,

K EEAL

B4 KT RANE B GG ARFR Fub Rik P45 RAR

Fig.4 Rapid assessment process of neck blast resistance based on UAV remote sensing image

2 GFR55H

2.1 AESMBERRMEEERM

F 2 FNH T W o T4 Bl AR 0 3 B R R U 15 2 1)
Pib. Pita. Pi2. Pi9. Pi5. Pi54. Pi25 #1 Pit 3t 8 M4
JEIRPUIEIERILE 15 AS7KFE S A 0 AR 4 O e Ll Bl
B KR E Ko 20 AR KR a4 o
PR RS E R, H 4 DA 3 AP,
ditl 26.67%; A SAS R 4 PR R, Sk
33.33%; 6 NMmFET T 5 MIEEE, (S 40%,
KA KRG P P L R B AP E 2 e, (H
AN ) e P 25 R R ) Bt RIS A o, 5 4HF
3~ 5 AP B &R 0 25% 60% F 50% K
A R A MR WIHiESES, RPAA R B X K
FEBUR AR 1) DR ER I HH B 2 22 e

WDl S, #EAH Pit B[R H 2 AN KEE S
P, RILA R F MR FIHIZE AN 100.00%. 7 Pib H A
A 7 NKFE S, RIA R F MR [N 57.14%.
Heti Pitaw Pi25. Pi5+ Pi9. Pi2 M Pi54 FK 1) 7 Wl H
10, 11, 10, 5. 8 F1 8 N/KFE A, KA R A1 MR )
AN 50.00%. 45.45%. 40.00%. 40.00%-. 37.50% FlI
37.5%. HULRI%N, ¥4 Pita. Pi25. Pi5. Pi9. Pi2 Al
Pi54 FEPH /K FE S A POm PR R IR S5, A% AT Pit A1

Pib F= KL KR b Rl 0 P00 R R I R, AEKFEHIIE
Fireh B B m R AR E, X PP B DT R AR R
Pit Fl Pib 3R,
*2 EERIMEEERNSFHER
Table 2 The distribution of rice blast resistance genes
i itk LAY

Resistant genes against rice

Variety Resistance level blast disease
ARHE 676 MR Pib+Pi5+Pi54
M R Pita+Pi2+Pi5+Pi25+Pit
HEMRER R Pita+Pi2+Pi5+Pi25+Pit

BIYE 151 MS Pib+Pi2+Pi5
18 flite R Pib+Pita+Pi5+Pi54
FEHAE 12 MS Pib+Pita+Pi5+Pi54+Pi25
WG MS Pib+Pi9+Pi54
22E123 B4 3 5 R Pib+Pita+Pi2+Pi54+Pi25
22E61 AREKLL2 5 MR Pib+Pi9+Pi54+Pi25
I8 S Pita+Pi2+Pi5+Pi54+Pi25
22E7419 ¥ HS Pib+Pita+Pi2+Pi54+Pi25
HHRE 3191 R Pita+Pi5+Pi9+Pi25
HERHE 945 MS Pita+Pi2+Pi5+Pi25
BB 125 HS Pita+Pi2+Pi9+Pi25
X 61 6 5 S Pi9+Pi5+Pi25

e BUMESER ML E M KHER D], R R 52 BRI KT .
Hrr, ROAPL. MROATHL. MS AR, S Ak, HS Jymidk. HitEHEEEAR
I7] it ol o 340 15 00 R 23 T4 B AT L b B RS A ).

Note: The resistance level is obtained by professional breeders, which means the
actual resistance level of different rice varieties. Among them, grade R is resistant,
MR is moderately resistant, MS is moderately sensitive, S is sensitive, and HS is
highly sensitive. The distribution of resistance genes in different varieties was
detected by molecular assisted marker selection technology.
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Fig.5 Disease resistance performance of rice blast disease
resistance genes
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DR B /1N, S DR INAS BIFEFR Y 10%, 58S )R
BIHERI Y 60%, T S FESUE N 5 i, FRBEEK, 4
AN ZKFE b ) S DX P R B B T L, R X 3
T R A BT LG, R ARE 2R ) R 0 A R AR T & 68%. Uk
A, BB T A AN R BG4 B K R R, i
BT B A 2 L AR BERAE, Bilhn, MFEBUR A 9 4
B, R A R A ™ A, 5 R R YD B S 1D K e A
b, HBHEEI/NMZERRES, SEmErs, A
BRI 9 ARG I HE R 2R AE 80% LA I, SEIL T XTEES
22 R RO A JEE i P LS00 P A RSORS o

Y151

22E123#.413
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22E123YueHong3ChuangYuanl151

Hong2

I 8R41355 22E61 RT3 S
Guang8You 22E61DongLIan,

Hong355
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B 6 YOLOv7 Neckblast A% #-im) 45 R 715
Fig.6 Example of YOLOv7_ Neckblast model detection results
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AL, B ANKRE SR RN A S 18 .
22E123 20 3 SHIEEWHAL 3191 RINHUE, 4 A F
CRPIfR 676+ 48X 5. BIYF 151 A1 22E61 RELAL
2°5) BRI AhPirE, 3R GEPL 12, HEE G/
R HERG 945) RIUNHIRME, 24N ()7 8 AR 4 35
G 6 18 6 5D RIUNEME, 2 AMWFl (22E7419 F AR

212 5) RIS M. BB R F 5 AN AR 5
RIS AAEE— A, KRR, AFRBEIUE
SR AWz . B, AR 22E7419 FHAURE 12
SR RLE 50% LA L, 51 HE 9 HFEIURIAE K
s, HRWHERSZ, THEIUERLETE, T
P ACERI g m B MR, SRR DR 4 o5 A
13191 BRI EAE 5% AT, BUIAEAE 3 M RESIE S5 2
BBk o0 A, HLRI 4 2 AN SIE 28 20 ) R S e b,
TSR R, RERI NP,

# 3 YOLOv7_Neckblast {2 B3 FEFURI M ITHLER
Table 3 Evaluation results of resistance to neck blast using
YOLOv7-Neckblast model
& Quantity FHIUE  FEBUE
K W

1 . st
pEs Incidence Neck — %5Z%
Variety 1 3% SH T 9% rate of  blast Resistance

Level 1 Level 3 Level 5 Level 7 Level 9 neck disease  level

blast/% severity

AEME 0 0 0 1 5 6 3 MR
HEMAR
A 0 0 0 1 3 4 1 R
AN
. 1 0 1 2 2 6 3 MR
BIR
151 2 1 1 3 3 10 3 MR
4k
18 gﬁ # 1 0 0 1 2 4 1 R
*TF’PFZ% 5 3 1 2 1 12 5 MS
WELS 6 4 2 1 0 13 5 MS
22E123
ey 2 1 1 1 0 5 1 R
3%
22E61
KR4 3 1 2 1 2 9 3 MR
25
T84
o355 O 6 4 5 6 27 7 S
22E741
o % 14 16 13 20 16 79 9 HS
LWk
3191 0 0 2 1 0 4 1 R
LRy i
045 1 7 9 7 1 25 5 MS
2
ﬁ o 10 11 14 11 8 54 9 HS
B
[XI%5 6
hew 3 4 4 5 13 29 7 S

NIAE YOLOvV7 NeckBlast #5 74 76 3 25 5 £ 0 AF- 5%
ERA R, AR SR YOLOvVZ. FCOS LA &
RetinaNet R FEAT X L. FEMRIMIIZRA60E T (B 7a),
YOLOv7_ Neckblast fl YOLOv7 4% FCOS #1 RetinaNet
M I Grk FEAR XS Fae,  HLYE B AR AH U5 T 3R BLAH 1L,
YOLOvV7_Neckblast #i 25 2 5€ 7 0.019 245, YOLOvV7
7£0.020 /£ 45, 1fi FCOS #5i ‘K {f %2 € 7£ 0.271 &£ 4,
RetinaNet JIJ7E 0.048 /A5 .

Ak, 15 250 NMYIZRRIAAN, RRIEAR 10 Rid sk It4
1R mAPH (B 700 o FEVIZRIIRT 70 kAR, AR
ALK 78 07 57 2] BIBESUR R AE, mAP #hZk 2 I0/NE T
FEElk s, BEESRIIEAT, BRALE 5 2] 2R UE 1
FRE, mAPEHZ#HEE, &R EABHEIFETRE.
#— Bk 407 LK B, RetinaNet ) K5 B8 &t
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YOLOV7_Neckblast & T 2 AN 48 £, HF SFH AL
YOLOv7 Neckblast % | 64 G, &t LL4h, YOLOV7.
Neckblast )7 [ 2 F0 F1 B 33 iy T HoAh 3 MR, H4
Al 722> 4.0 F14.0 NES R ERZIFELEIEY 0.5 1,
YOLOv7. FCOS. RetinaNet f1 YOLOv7_ Neckblast
TR (1) F 350K FE 3B H 53 N 62.4%+ 60.0%- 60.6%, FH
66.4%, H. YOLOv7 Neckblast kb Hifth =AM AL 7 5l 1
4,05 6.4 A1 58 ANF 4. il as BRI SN K48 B ihiE
B AL ARG, YOLOvV7 NeckBlast 157 71
PRI XS0 T DX A ) O B B IRV, 36 et ) 745 R R SR A T
B, BESRIDUE A R 1) 975 BE LA K% A5 308 124 117) £ 7 X Sk 72 P
G b B RS 15 IS AN AN [ R U 25 20 O i her AR 1E, —
HAEA TR TR I R R . 45 AT,
S0t J5 1 YOLOvV7 Neckblast 5 ) 7 Ff 20055 A6 W T 45 o
I 5 PR REAR B, SRR e ) s U AN B R Bt T
BEA] SR TR

o

0.6  ——YOLOV7? 2070
%05 «~~YOLOV7_Neckblast > 0.6 i s
29> —Fcos o S =
S04 RetinaNet § :g 0.5
2 N 8 04L
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=02 " 5
X s 50
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— 5 o
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Fig.7 Comparison chart of loss and mAP values

b. Mean average precision (mAP) curve

R4 FEHEREIMRELEER

Table 4 Performance comparison of different models

” ; . ZHE AN
bt} =3 SR T P73
B mAPO0.5/% ML HELE FL FLOPs/ Parameters/ Model

Models Precision Recall F1 score M size MB
YOLOv7  62.40 0.64 0.71 0.67 10647  37.62 142.35
YOLOvT_ 66.40 0.68 0.75 0.71 106.54  37.71 142.70
Neckblast ’ ’ ’ ’ ’ ’ :

FCOS 60.00 0.65 0.67 0.66 161.88  32.16 122.88
RetinaNet  60.60 0.70 0.53  0.59 170.09 37.97 139.23

i: mAPO.5 NER{EY 0.5 I AT 25 LY, FLOPs Jyist siit 553,
Note: mAPO.5 is the mean average precision at a threshold of 0.5, and FLOPs is
floating-point operations per second.
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it 2 HNRE R (K8, B ANLIE G
AR &E4 YOLOVT Neckblast 16 51 759 5] () it 5 2 45 R 5
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Tt (1 B0 1 VP A B 5 S PR K S5 A — 8. Hor,
A R AR 40 BR W5 B VR4S MR, {H SEBRBUTE KN R;
AR EIVE 151 BEPPA A MR, {ESEPRHTIEK TN MS. J&
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PRI REA SR /D, 5 R AU 50 At R U0 55 ) (1 AR
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FERLUERGPEAS . YOLOV7 Neckblast #5615 AN /K A

RGBSR TIPS HER AL 21 86.67%, FH] YOLOVT_
Neckblast BEA7 RS I 21T AHIE K G RS0, IF
PHEA KRS S A ST ACT . EAREERE, FHEA
HLRE ALK RSV UL PP R T, A7 A — 1
MR R EEIE . BN, HAPREREA K 2 Tk
WA, G AU 2 R S AR 20U 20 I H 3R A T e
Mt ot. Bk, B, G B KR e,
Tl s R AR T R o DR R R A AR o AR s, DA
RISV ) 2 AR VRS AE, $RTHER R DIV RE . BT
5 BEREUR AUy KRESURR B A RSO SR -
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HE 1 1 0 0
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Note: The numbers in fig. means the number and proportion of correct and
incorrect varieties evaluated.
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Fig.8 Comparison of resistance assessment level evaluated with
actual resistance level
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4.0 AE 5, Hig SO s 8 k.
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PEAS B0 S O )~ I 26N 86.67%,  SEHIL T X A [F]
IKFE A BUREIR I 7K ST R HE R A

3) 5 Pib FEDK RN Pir J IR R 7K R R 26 B HE i
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B, EATKFETTME B B oTERZ /N7 5 A 100.00% 1
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[& £ xx #k]
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Rapid evaluation of rice neck blast resistance using low altitude remote
sensing of UAV combined with YOLOv7

WENG Haiyong'? , YAO Yue? , HUANG Deyao! , ZHANG Yuting® , CHENG Zuxin® , YE Dapeng? , WU Renye**

(1. College of Mechanical and Electrical Engineering, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. School of
Future Technology, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 3. College of Agriculture,
Fujian Agriculture And Forestry University, Fuzhou 350002, China)

Abstract: Blast disease has been one of the most serious threats to rice production. However, the conventional evaluation of
rice blast resistance cannot fully meet the large-scale production in recent years. In this study, an efficient evaluation was
proposed for rice neck blast resistance via combining unmanned aerial vehicle (UAV) low-altitude remote sensing with the
YOLOvV7 model. 2 565 images of rice neck blast were collected using UAV and then divided into small-sized images (=
1240%1240 pixels) in the annotated area. The small-sized images were further subjected to a random combination of five
operations, including rotation, scaling, translation, cropping, and changing contrast. The images with low resolution were
removed after data cleaning. Finally, the dataset size was expanded with better diversity. The squeeze extinction attention and
deformable convolution were introduced into the YOLOvV7 model, in order to capture the fine-grain features of the rice neck
blast disease spot. YOLOv7_ Neckblast model was established for the rice neck blast detection. The number of affected ears
was obtained for 15 rice varieties. The incidence rate was calculated for the disease grade of rice neck blast. Among them, 4, 4,
3, 5,7, and 9 rice varieties of grades 1, 3, 5, and 7, as well as 9, 2, and 2 were assessed by YOLOv7_ Neckblast, respectively. At
the intersection over the union (IoU) threshold of 0.5, the mean average precision (mAP) of YOLOv7 Neckblast for rice neck
blast was 66.4%, which was 4.0, 6.4, and 5.8 percentage points higher than that of the original YOLOv7, FCOS (fully
convolutional one-stage object detection), and RetinaNet models, respectively. The recall rate was 75%, which was 4.0, 8.0,
and 22.0 percentage points higher than those of the three models, respectively. The F1 score was 71%, which was 4.0, 5.0, and
12.0 percentage points higher than those of the three models, respectively. The training YOLOv7 Neckblast was relatively
stable with the low floating-point operations per second (FLOP) under the same training conditions. The loss values remained
stable with about 0.019 and 0.020 at the end of training, which was lower than those of FCOS and RetinaNet models.
Furthermore, the molecular-assisted marker selection (MAS) showed that the contribution of the Pit and Pib genes to the
resistance to the neck blast was 100.0% and 57.14%, respectively. The rice varieties carrying the Pit and Pib genes also
exhibited a stronger resistance to disease. In addition, YOLOv7 Neckblast achieved an average accuracy of 86.67% in
evaluating 15 rice varieties' resistance, compared with the actual resistance level. The low-altitude UAV remote sensing
coupled with machine learning can be used to evaluate the resistance to rice neck blast for rice breeding.
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