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Fig.1 Cotton sample image in filed
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FriE T H Labelimg %f B 7 A7 FRiE . JEHCPHFPAS [F] PE 25
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TR 3519 sk FEIR 4 0 1 B ELBIBENLR 2 NI ZREE M
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Faster R-CNN [ 2% 25 14 WL 2.

T Guided Anchoring HLHIFI I, BB AA Loss
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HH L, FIL,, . W& (D iR
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Ly (pop))=-log, [ pip+(1-p))(1-p,)] B
L, (t.6)=R(t,-1) (4)
K H pi AN Anchor ITIUMER, p| NFEARRZE, HAE 0
A1 BN OREARFEREAR. L, (p, p)) NETET 5
AN AR B3R 2% . Anchor £ N, 721155 RPN HIBYEL,
N 256, FEYIZRPHE DX G B2 M 4% (Fast Region
Convolutional Neural Networks, Fast R-CNN) B EL, A
128. AN 11, N, A IZR AR T RFE IR R R
t, NI Anchor TR B FIE, ¢ HEREARRIHY
M, #F7~ Anchor X T HSL HFRHESLBR I WL =
L.t ) NIBHERN A, H KA Smooth L1 Loss
(X 5 ) IHH, MELEK o EERN3.

Smooth,, (x)= {

0.5x*x(1/0%), |xl<l/c® .
| x]-0.5,

s

L, MIHECR A Focal Loss %™, sk (6) FivR.

FL(p,)=-a,(1-p,) log,(p,) (6
o p, RRFERIMEEE, HAEBORFEARHIE RS 545 =)
Polle o, RWTTRABER T, HAERE —RIEFFAM
B, RRRIG LK E N 025, y & M S FEA IR E
T, FFELLRI 258w R 21", Focal Loss I H,
f Anchor ARz B 5 EE Hh S bR A i B 5 i 1 32
Gy [EI A S RSP T RRAE RSO 2 SR I IE SRR AR A
P ) )
Ly BTSRRI () PR

w h
Lype =1L, l-min(l,—gj +1L, l—min[l,—g] 7
w, w hg h

A Gw, D) F Gwy, hy) IR Anchor B 5K S HX L
HFRI B SEhrESE K. L, 18 Smooth L1 Loss.

1COCO
S ES

_________________________________________________ e i
1 L AT i
____________ a1 Generic ROI Extractor
: ry— Objectness score : | [Fagmme: :
1 Anchor e ion HiiHE Anchors 1 : Preprocessing Jii AbFEIM Bk 1
| HiilPrediction| § 1 aooc  Postprocessing| s
i 1 - RAPLZE ) 2%
! R AP ! B i
! ) Feature adaption Feature maps - ! Dynamic R-CNNy
! FEAE G ik | g ! I
! ; yrami Proposals 1 NN B e i
1 Feature pyramid ' 1 1 : !
___________________________________________ 1
1 DLA |1 :
1 e 1
I 7% 1
: » @Iassificati0n= :
I 1 1
I 1 ¥
I ! 1
Feature maps : DSL : 1
I 1osefr )
1 :Locahzat1on| :
1 1
______ 1
1 / AL i )
1 /5?,1“ Ag‘g’r‘ega%?én
: g function
1
1
1

I COCO dataset
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Note: ROI is region of interest; ROI Align is region of interest align; DLA is dynamic label assignment; DSL is dynamic smooth L1 loss.
B2 A Faster R-CNN W 2525 1)
Fig.2 Improved Faster R-CNN structure

1.2.1 RegNetX-6. 4GF A= M %
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PP B SHARAE T A E R A S O N I MR RRE, A3
e HY RegNetX-6. 4GFPIWE B FHLE 144 5 46 Faster R-CNN
JRACK I VGG-16, HEEMIE 3 iR, 245 i
NFFE BRI RN 58 FE X 7y w RFAE RS, w168,
392,784, 1 624].

RegNet [ 2% &5 74 {f H #f 22 45 7 4 % ( Neural
Architecture Search, NAS) Fi ARSZHL. &5 & 5 1F 25 1]
(Designed Search Space) IHIT 2 HVE LM R —HERES
e fr. ARSCRHL RegNetX-6.4GF L5/ E A BT %%
SRAEHUEUGIRHIE . X2 iR ZEEE I ) N T TR FE
HEhnET R IR R A A, B R AR A RE T,
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30y LR woae T
(Rectified Linear (Batch
Unit, ReLU) Normalization, BN)

TE: wARKREHE BB, L TAMURARFEBBG - 9% N R AE K A
FERE: n B IR RHIE PR i 4

Note: w is number of channels of characteristic matrix, and its subscripts
represent different stages; r is the length and width of input feature map. » is
number of channels in the final output feature map

B 3 RegNetX-6.4GF 4 #
Fig.3 Structure of RegNetX-6.4GF
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1.2.2 Guided Anchoring—FPN 43

RPN {415 25 A0 25 [ 28 £ H 381 (1) R AE 1 A= A A
T 28 A A 5% B bR AE o b B H AR5 3 X I8 T =
e G B S A W % () P e, b 3R DX o R
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5 Guided Anchoring A&, KU A Anchor A4 %,
Bl -

FPN i i #4 78— 2% T 17 1 AR 40K 4% 2 UCREAE
BHTIER:, SEL T IRZRAERR ZRAE R G . 7EAE R
—HFE K JZ L, Faster R-CNN % 45 5E 125 K DL HE
(Sliding Window) (#7572 ERUH) Anchor. FERFAETIZ R
Hh, AT A R A ), — AT e X 38t /),
MAE A Anchor W& 7E A2 /0 Ah, IXFEEIE K2 HL
Anchor 7341 11 5t NI 51 S IE SR AREASAN B T 1T 2
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i, ASEH T BARRES T AR e RTINSO T4
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JoffEk IR EE, £E FPN H15] N\ Guided Anchoring
HLAIRY . Anchor [ HE 26 40 A7 B 3 R R AN 2% A HE SR 2
fi, HPE € BMGEHMEZ )G Anchor HC £ HIHEZE 4 A Al
258 BB RHEA L R E TR MR A (B 4) .
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K x, v, L h 53 AIERIR Anchor [0 f AL AR AT 58 155

X Anchor B RARFRIIfE, KA 1x1 BT
FHEEBHT A, SRR AR S AMIENRSY, Sk
TE TR I BUA LU, AR Pk B{E 1 E D 0.01, KATRE
EHEMERIA BT O TR E O AR S, S
F Bounded IOU Loss X IAAEK FaJEAT BIATHE, P3RS &
FERANTE . B 3x3 BRI AR TSRS IE SR 4R [ RFAIE
B, fSAFRHIE & S AE S Anchor TR
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Fig.4 Structure of Guided Anchoring (GA)
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0 ng( 224 ]

Kk NFTERURHER], ko Rt ZUHIER], 224 2
ImageNet 1 5 ZAEFEMZE I A RSE owes b A83R ROT
M FEFERNE R o IR B — R 2 B 750 TR AETI 2
WU 25 RIS Bk . N T 4562 RIERFIE, 43051
H bl X2 %S (Generic ROI Extractor) Pfnt il
Faster R-CNN H[¥] RPN 15 S 3745 A H2HL
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Fig.5 Structure of Generic ROI Extractor

1.2.4 Dynamic R—CNN #Hu4#|
Faster R-CNN "+ Guided Anchoring-FPN HJ5| A, ff
342 151 Anchor AJ LARRHE AL T 2 B RFIE (S ST 303
R, X — HLA ) DO A AF I R A = AR ik [X 45
EANF] 10U BIE N 17 i M AES) A4, T Faster
R-CNN 1 G BI{E N 0.5 1) IOU. #Fxfitbinl i, ASCHE
Faster R-CNN 1 Dynamic R-CNNP7, {15 505 1E 5
T B4y 24 (Classifier) FIRIHTTHEZS (Regressor)
REZNANIEN. Proposal FZMATAEAL. fE7r KA BN
Fri¥ 42 (Dynamic Label Assignment, DLA), WL (10) .
1, I0U_ (b,G)=T

Label={ ’ e now (100
0, 10U, (,G)<T,,

Arh b FIRFFHE (Bounding Box) , G FonHSLARIE
(Ground Truths) WIS, T, R/ %47 IOU B{HE.

NRUEr 225 PERE, S Dynamic R-CNN #2 £Uf
IR HATH RS HOERL, HYIE6H IOU BHEE N
0.4, TEVIZEF3RHL Proposals A HAx B SAR7E (Ground
Truths) Z[A]#] IOU 4R, e85 75 MEPY, EH 547
izl , BEAR 100 AR S~ FAMERER T, , « 1E
B FHRERNH TS, fEL 4K Smooth L1 Loss b3 jn—
MNSH B, » WHEEZ Smooth L1 #i%K%L (Dynamic
SmoothL1 Loss, DSL) , Wzl (11 .

max
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1.3 ARG ST
1.3.1 3kmtk+4

RKXFTEETHRMETFEG: RaKMEN
Ubuntul8.04, Python3.7.9, Pytorchl.7.1 JAJ¥ 2% S AIHE
T FH P K%M OpenMMLab  JT I HE 22
MMdetection2.8. 156 AT FH IR 55 # i~ S L B . AL FH 3%
Intel Core i9-9900k, F4iA 3.6 GHz, WAF32 G, &F
NVIDIA GeForce RTX 3080 (10 GB)

1.3.2 BAN%7 %

B MS COCO2017 ¥4 2 MR A6 TH 2 400
£, FHIZE 2 815 K 5 AR S HGH T4,
TERESE 704 5K A AP ELE AN RIS ERE, RS
1300 K B AR B2 SEBR R AR

£ MMdetection HESE P& H RIS HEAT3)1| 45, f FHIREAL
BEEE TN REE SRR, BUERIRRECH 0.000 05, shESH
N 0.9, JETH RTX 3080 K[ Batch K/NA 3. RAZ R
FENGTTE, FNER RSB ERINAN 1333, b
RS ZRT N[640, 672, 704, 736, 768, 80014k
Hlkit. 2431 K/NN 0.002 5, BeEilZ: 36 ] (Epochs) |
SRR BN UNLE], WA 1508 0.001, 2] %RA1E
WZRIEAR 500 K ZRtERgn, EIIZRERE] 500 VK0
£]0.002 5 FARFEAL, 2 J55 IR 28 R 34 Wilkb
NIERI 1710, RIS HGHATREA AR .

1.3.3 AR &

AR SR 36 UE S SR MR G I A R (O M e, FRAEAE
DA A W0 X g S5 0 B s PR IR A RO . PARE IR B
(Intersection Over Union, I0U) RIFAMEAREE, K
SFEIREEE{E (Mean Average Precision, MAP) , #H|
% (Recall) FIYERZE (Precision) FATHERIVEMIY, @
L MAP BUE R =R LT, A SCRBIARE TSR, 255
BON—, WA CK B E#R (Recall) FIHERAZ (Precision)
YERNT AR, BUEXEA[0, 17.

2 HWERSDH

2.1 REN%ER

ER R 254 2 815 BRI A T, 1 36
W 4% 35 000 ¥k, Bt Faster R-CNN T 5[\ T
Guided Anchoring #Li#il|, =X (1) Frax, H Loss BREAE
JRAE FEAE L3I0 T Anchor FOA B3 RIFLIR 35 25 R 4L,
fEF ISR FERESRAS B 2 = B &= 1) Anchor. ] 6b, 6¢ 77
FR NGRS FE Anchor f7 B 451k RIERB K 2k, & 6d
TR G B2 0 SRR AT 20 R e i 2%, el AT %0
Anchor A B 1K TRARIIK S 73 FAi R AEIEAR 30 000 K

an

M EIRE e . T HLHIZE R Anchor FILLEA
TEARBE S BRI B AEARS &, ST 7B AR AE TR
DX 27 ST RE TR RCR BRI SR % R AU E
AR (B 6a) , AT RR B AEIEAR 30 000 2R
IBRIFEE, LE RSB B THHIIZRRCR .
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Fig.6 Loss curves of training

2.2 1EELORIHER

T B UEAE A B TRURE B, RN SR AR Y N T
MAREE, SRR TR A AS [F) 3% 52 R IR B R E AT A
W, s — N BB R A FDE IR & T IR B2
B, A5 966 5K, 1314 MRIETTEE . 5 — NiEiE
BIAEI R ROR, B 334 5kIF 764 MRAETIEE .
GTEE RWE 1 s,

R REDFIRANGER
Table I Recognition results of the cotton terminal bud %

i TS T e
Method Scene Precision  Recall Mean Average
Precision (MAP)
= 95.3 93.6
Faster R-CNN IR 94.9
TR Y 94.5 98.1
B 7 Faster R-CNN  HH R 55 98.5 96.8 98.1
Improved Faster R-CNN iz i 2 97.6 99.0 .

RN BRI R LR, Bt
J& ¥] Faster R-CNN A 7E K H H SRR N X AR AL T 28 A
B e . R 1 ATCUE . ARSCATR A
PR R AE P R B AL PE 37 5 T, %% Faster R-CNN
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Fig.7 Recognition results of cotton terminal bud in different
distances and light conditions
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Table 2 Recognition results of different algorithms in the validation set

Jyidk MAP/% Mg

Method (10U=0.5) Frames per second/(1i-s™)
RetinaNet 45.7 21.0
Cascade R-CNN 743 19.0
RepPoints 75.5 21.2
Faster R-CNN 76.2 14.3
27 Faster R-CNN 818 103

Improved Faster R-CNN
7E: 10U NZZFE. Note: 10U is intersection over union.
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Recognition of cotton terminal bud in field using improved Faster R-CNN
by integrating dynamic mechanism

Chen Keyi', Zhu Longfu®, Song Peng®*, Tian Xiaomin?, Huang Chenglong®, Nie Xinhui®, Xiao Ailing*, He

Liangrong®
(1. College of Plant Science and Technology, Huazhong Agricultural University, Wuhan 430070, China; 2. Agricultural College
of Shihezi University, Shihezi 832003, China; 3. College of Engineering, Huazhong Agricultural University, Wuhan 430070,
China; 4. College of Mechanical and Electronic Engineering, Tarim University, Alaer 843300, China; 5. College of Plant
Sciences, Tarim University, Alaer 843300, China)

Abstract: Accurate identification of cotton top bud is important for cotton topping operation to detect cotton terminal bud
accurately in field, a recognition method using Faster R-CNN (Faster Region Convolutional Neural Networks, Faster R-CNN)
by integrating dynamic mechanism was proposed to solve the recognition difficulties caused by the small size of cotton
terminal bud when it is topped in densely planted fields. The RegNetX-6.4GF model was used as the backbone network to
improve its image feature extractor capabilities. Due to number of proposals under a higher IOU(Intersection Over Union, IOU)
as well as the matching degree between anchor and the target shape affect the performance of the detector, the method
proposed in this paper changed the original anchor generation mechanism by combining FPN (Feature Pyramid Network, FPN)
and Guided Anchoring in RPN (Region Proposal Network, RPN), which will cause the distribution of the proposals generated
by the RPN of the algorithm under different IOUs dynamically change during the training process. To adapt the dynamic
change of proposals distribution, we integrated Dynamic Region Convolutional Neural Networks ( Dynamic R-CNN) in Faster
R-CNN, which can dynamically adjust the value of IOU to obtain high quality proposals. And the GROIE (Generic ROI
Extractor, GROIE) mechanism was inducted to extract ROI (Region of Interest, ROI) to improve the feature fusion capability.

In this paper, 4 819 images of gossypium hirsutum population which contain seven leaf types were taken from the top of cotton
plant at distance of 30-50 cm (medium distance) and 50-100 cm (long distance) under uniform light, oblique strong light, direct
strong light, and shadows. Those images were processed as MS COCO 2017 format dataset and assigned to the training set,

validation set, and test set, which contained 2 815, 704, and 1 300 pictures respectively. The experimental results demonstrated
that FPS (Frames Per Second, FPS) of proposed model was up to 10.3 frames/s and the Mean Average Precision (MAP) of bud
identification reached to 98.1% which was 3.2 percentage points higher than original Faster R-CNN model. The validation set
were used to compare performance of mainstream recognition algorithm and proposed method. Results showed that the

improved Faster R-CNN's MAP was 7.3% higher than original Faster R-CNN, which was also higher than RetinaNet, Cascade

R-CNN (Cascade Region Convolutional Neural Networks, Cascade R-CNN) and RepPoints by 78.9%, 10.1% and 8.3% when
IOU was set to 0.5. The improved Faster R-CNN proposed in this paper meets the accuracy and real-time requirements of
cotton topping operation.

Keywords: deep learning; algorithm; cotton; mechanism fusion; dynamic adaptation; terminal bud recognition; Faster R-CNN
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