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Fig.1 Overall situation of Caragana korshinskii base
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Fig.2 Weekly growth dynamics of Caragana korshinskii during
the sprouting process
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a. Smooth c. Shatter
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Fig.3 Shape of Caragana korshinskii flat coppicing surface
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Note:Transformer Blk is the basic Transformer block, H/4 downsamples the
image size to 1/4, C1 Feat and C2 Feat denote semantic feature maps with spatial
dimensions of 1/4 and 1/8 scale respectively; Haar DWT is the Haar Discrete
Wavelet Transform, Physical Prior refers to the prior knowledge based on
physical signals (such as frequency spectrum and gradients) introduced into the
model, F2 and F3 Feat are frequency-domain feature maps, Diff. Sobel Layer is
the differentiable Sobel operator layer, Stem Conv is the stem convolution (used
for spatial downsampling and initial feature transformation at the starting stage
of the geometric flow), S2 Feat and S3 Feat denote geometric shape feature maps
with spatial dimensions of 1/4 and 1/8 scale respectively, TMF Module is the tri-
modal fusion unit, Main Seg Head is the main segmentation head, and Boundary
Aux Head is the boundary auxiliary supervision head. The same applies below.
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Fig.4 WoodGrainNet model architecture diagram
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Fig.5 Comparison between the original image and high-frequency

b. High-Frequency texture response map

texture response image of Caragana korshinskii coppicing surface
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Output image structure

: DWT Coeffs Jugifi 45 R, H/2XW/2x Cr ARSARE B 172 1
AIBAFAEE, MaxPool 2x2 (stride 2) 2B KN 2 Hif Kb L ZE . FH.

Note: DWT oeffs denotes the frequency domain output, H/2XW/2xCy
indicates the dimensions of the frequency-domain features downsampled to half
the original spatial resolution, MaxPool 2x2 (stride 2) refers to a 2x2 max
pooling layer with a stride of 2. The same applies below.
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Fig.6 Technical route of frequency domain sensing branch
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Note: Conv2d (Fixed Sobel-X/Y Kernel) represents two predefined Sobel
operators (where Sobel-X and Sobel-Y specifically detect vertical and horizontal
edges in the image, respectively), Magnitude calculation merges the edge
information from both directions, BatchNorm stands for batch normalization,
Edge map refers to the single-channel edge map, H/2X W/2X Cy; indicates the
dimensions of the shape features downsampled to half the original spatial
resolution, Conv 3x3 (stride 2) indicates 3x3 convolutional layer with stride 2.
The same applies below.
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Fig.7 Technical route of geometric constraint module
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Note: Conv 1x1 denotes a 1x1 convolutional layer, Concat (Auxiliary Context)
refers to concatenating the channel-aligned frequency-domain features and shape
features along the channel dimension, Element-wise multiplication denotes
multiplying the fused auxiliary features, ® stands for feature re-weighting, ®
represents information fusion, Sigmoid compresses the multiplication result into
the range of 0 to 1 to generate an attention map, and Attention Map denotes the
attention map. The same applies below.
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SEIL TR SE AL 2 BR JE 4 S v )4 07 R AE Bl
BEAN AT PIREYE R IR 1 PR, X
Bl 22 2 FEHRRAE A HLAE AR, 35 300 T A A &2 2 15 5t
ORI T SRR T VR RS B S R 4 0
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215 CES-FEA) AR A ERE R ) Rk
BT BT AP 2 3 AR BE “ARFEREE” S EUN
SrEHE S, 7E WoodGrainNet YIl 2k K 1“1 524"
RURELFE B A W B SR o A% G 1 38 18 S B AN O T

BERFE, W BRI R R IHINL T, FHEORE
PERERE R B AR . SR ST LR BE
WBE” KR ZTER, ARG 51 NS Jbr i #
i, SRR AR I 3 SR IR L 2 e e, AT
TR o3 EUE S5 RS HE 7 B ST e
R FHERMESREETRIRE THSHE4E T
Table 1 Feature dimension changes of feature fusion strategies at
different scales

SRS R iR A€ ]
Projection for unified
channel number output

BEHZ 9 RGB i SURHIE
Module i3
hierarchy RGB semantic

BT TBIRAE
Frequency Shape

TMF-1  H/AXW/4x32 H/AxW/4x128 H/AxW/4x64
TMF-2  H/8xW/8x64 H/8xW/8x64 H/8xW/8x64
TME-3  H/8xW/8x160 H/8xW/8x160 H/8xW/8x160

H/4xW/4%64
H/8xW/8x128
H/8xW/8%256

EE0E B AP st AR BE PR FEREE” SN
Gy EIME R, SR T SIS 2 B T S ) e SR
ERAEEM B, FIH LabelMe brik: T HXJ AT 45 43
AR LN PR AT 7RG E bR GRS group_id
X2 o 1% bRvE SR WS 19 8% O 2 38 o 5] N S 491 [a) ik 2% 5
55, SRR L) A o 3 2% ST AR AT Sk 18] (1) 49 22 (8] B R A0E
T I T 38 S 73 B BRE 43 B ST AR BE J7 . [RIB
£ WoodGrainNet YIZRH R A 1“1 -S04 X0kL BE B
G B RS . AR G I8 R S B R OCTER R
N, K 5 R R AR R i P A A 5, 5 SO
BRI AR . NSRS R R EETE )
2.1.6 ERA ZAESMA B HEX T

T SEIUREHE IR 2 7 I AL Zx S STAE Z0 R
Wit T 25 ETUR KA, B3 Ei Rk 5 A )
2R A ¥«

Ltoml = Lmairl(Pseg7 Gseg) + /thound(Pedgea Geu’ge) (7 )

I Ly AR R H, o 20 B4R 5 30 57l B 40 2
BUH I Linain 1 Lyouna 73 HARERE T2 73 H1 Sk 458 2 A2 5l B
B S BUR s P A PEE TN X I8 RIS Gy WA
AR SN FIRRAE . Peage I 25 TR K 14 S RFAIE I
Geage NELR TN EGAEITD: AL LGATRALE RH

F 5 FIHURAE T M 2% 19 32 43 %2k Main Seg Head,
T 3R W TS IR B A R AR, BRI R — kO
%Uﬁi{ﬂﬂ@, %ﬂg iyﬁrﬁjﬁ%l&w% Dice ?}’J'E'igiLDice E"Jéﬂ/a\,
B EIE I SOPR A B 4 SR AR 3R 7 RS

Lyain = Lpce + Lpice (8

2 5t B 4 e A A T34 5% B2k Boundary Aux
Head, 1%#873 I H S48 Fr v Bl S B ARl 2 AR
NEAE, TR I S th )L S 18l fe /e
TOCE AR, R P 2% SRR R TR R R
AE”,  SCHUAERFAE 7S [A) YRR E DR “ P PRRR S .

BEXS AT 26 2E T N B AR AC 5 RSO AT R 1 =
M, P REA PR CEE, A AR SR
REL AR PR FIMERERIFE AN R 2 PR 45 Ad
BT 5y R N B OW SO GR A i B AR, XL
ARARDGSERE HFFRBEE =04 LR HLE FE
AR IE DA iR, S X 245 F 6 S T A 1 2 T D8 3 ) A
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EREE, RIS A RGNS IR T, &R R B A
HUE W Bl e ank 2. 1R BRE PR S ms aE i 5] A\ 2 2
UL AL, B35 T WoodGrainNet 7E & 48 A A4
Yy N AMEIRBIRS B 2 B S

®2 AEBERMERERTEE
Table 2 Performance comparison with different values of 1
LR RALE PIECIEEE LFAEIFLL

Edge loss weight 1 mloU/% Boundary IoU/%
0 (Baseline) 84.72 18.12
0.2 85.82 20.45
0.4 86.99 22.59
0.6 86.21 22.10
0.8 85.03 21.31
1 83.50 19.88

22 IERFHEREITLSHEBHTUNGE
221 MRFEEE A HIRIRE HFALEAS

TR T A 2 M AR A K B AR 2 e i, AR B0 B S i
gy, G EFAST RESEENFED. HH
P 2 s B S N R B Y AT B B € (Group_ID
Matching) , E KB AME 5 (b, WA KD
DL AR AR E O8] )RR VR VR 2= 72 AR BRI e S T4, &
HEP (Re-ID) HERER KIE K%,

& H 3T WoodGrainNet 5] 5 AN 445 11F i #5556
W& <> i it B B4 3 R — AN O B PR RS, 8 H bR
MAELE A B SRR E . X —20 08 TSR 1%
RYOE S ) CBARGURRAET B, N JE SR A
(Week-1~Week-5) K FAIB ERR LA F 0 NRFAIE P
222 FEOTEFIHALRR

FIFH B B AR SEEL T AT 25 T A s s che B, B
EEAR RN 3 BB

D SR EREDAR: BRaAmeEzmEEEAN
WoodGrainNet, it F 47 #[3k (Main Head) #1145 &=
B BMERE . N TR R 2. LG E
MIE AT e B 3, BMES S X €, B 75 P
PR AL e B R S R R SRR, IR T4
KM EEEBRIE 0.4,

2) EREBIESE G FXT iR A S A 5%
WSCHEEME S, fEAR R AL i I 15 I (Overlay) K,
FINT 33 BRZKIEASFIE KRR, @ m a5k 2
MEF, (EHERY RE 76 35 00 F (3 175 T AU IR R 4 4
MNTTHE T T AR PEA ) 58 4 1

3) A HE M AR T R 8 B SRR A
— /NS AR FE RS B 7R BT BAA/NE] (Crops) B,
KA HEAD RS SRS BDTE A7 MA R ROT XA, X
PRE 4T ID BB L8OE, Wik E T st 0 pB
Fomibil B R XA ER IR T AR A, KA
PR G — AN o R H bR, WK 9.

i d WoodGrainNet $2HL 4L AL HLAAHERS (Mask)
) AR A 3 AR X A~ 2 A 1) LA R AL AT AL
7M1 BT WoodGrainNet 7F 73 F i FE sl Dh #1 & 1 +
BESIHEE TWRLEGE RS, XEHAHESE
(LRI S EE A s Y BEOR L

FIHEGAAEE AR, REANTHEREAIMAL 1D P2

TR R M 4 SR A Lo 023 6] b R #e
BB R LW NS E RS (mm) - AL TSN
THME, XA T S (R SR O A Re s HE
BREMRZE, SEOUR I AN OB L 37 5 R P2 B
B EEEE.

b. HERY Sy EHET
b. Model-generated segmentation mask

c. WA
c. Boundary fitting image
B9 #r&-FE@MEA SRS B F 82 H
Fig.9 Flow chart of individual automatic extraction and
background decoupling of Caragana korshinskii coppicing surface

223 B UATH AR IRAE 4

N RAACEIEE T &, KIE G R X R
PSS HEAMIE (LY/T 2676-2016) ) *F “#
MRESE, P, TR RMA” sk, ENEE (O
VENRZ O VAN P b o (5] 32 300 ek P 4 T T AR 5 % 3 A K 11
AR, AE R B PR 41 4R 3 24 5 S0 30 ZEAS I
45, RUIOPU B e R E. HitHESR

c=%§ (9

RPAR T A ZOH AR, mm?®, Ly 2 0056 B K,
mm. SRR LR G RS AR 510 e

AR ZI A B E, BRI 1, 0P TR [
. WD, B R AR ALY E) iR
L), FEEER, 5S8R RESREE. YA
SR, RS T A BT AR T g T AL
g, KSR R, FHRE G L P .
A, A [ 5 P 40 2R R 1 T 2 386 A ik B R T AL, 51
RIFIRBENAZ s AT AL (i S 6E ) o
224 BIFEREHBAREZ

BT 2Lt E g R, # T —EHNN
PERE SRR IR — BB SE, R
G RER AT (C=075). —f (0.55<C <0.75)
Lg%z (C<055) . ZbriE4S & 7 WoodGrainNet X i

d. SARRFE

d. Instance feature
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NIRRT BBURRN), BE A RG] H P R R DL T 30
HUB i o

3 HBREDH

30 ETZESHENEN S EIMERILS S

TEEES . BT R % 0 S AR [ A 41 =75
QU Z, N TEW. AHHPFAS WoodGrainNet 15 %Y
TERT 26 FREV) O BT S5 FR e fE, DR A 23 10K B A
FEE RSN IR T 4 M OfRr. Hd, P
ZFHEE (mIoU). AEIFE (Recall) . F1 7%t (F1-Score)
F T B8 IR B %] 55 % 87 o B AG BRFAE fi b e 0 5 1
Witk Z4&E (Params) F T VPl 4% 444 1 11 R 2%
PSR, s ir k& RS % 3.

*3 HEBTRERMAS

Table 3 Model running equipment and version number

1 H TS
Item Version
BT RS Ubuntu 22.04
CUDA 12.1
Pytorch 24.1
GPU NVIDIA RTX4060 16GB
CPU i7-14650HX Intel(R)Core(TM)

3.1 KR 58 W 699 4RI I

N T B WA WoodGrainNet 7E 45 4iF 27 =] i £ v 9
e SWESIOER, i T & BALE 150 4 Epoch Il 25
JAYAN B BGIEE M RE Rk . 1] 10 JBIR T SRR PR
FEEE (mloU) #8Ax AUt £k

90
80
N
% 70
E 60 .‘ [
R 50 [HE
R 40 bt —— WoodGrainNet
g | —a= DeepLabV3
£ 30 PSPNet
20 ¢ --¢-- SegFormer-B1
10 —— U-Net

2.0 4.0 6.0 8.0 1(;0 150 14‘10 1&0
Y%K Epochs
B 10 REARAL 69 34 2 bt 45
Fig.10 Comparison of mloU curves across different models

B mIoU 1 7y i & Il 5 5 & 1) % O 7] ALAL 45 A
mloU ELfEE 1 FEN 5 B - PR B A 5 2
R LR ESERE . T 5 S i B ) T s B K
7 e R 1) AN AE e S R IO T 0 o SRS
mloU HYSCEIUKCT BRI SE 1 R lFAR 2R Fn Il 5 m] 51k
A5t

i 10 AT RILL N BB 1) WoodGrain-
Net I AT (0~50 Epochs) B[ f2 T H L3 157 3] g,
71, FF{EZ) 80Epoch J5 5 HARM R R T = 0E, & Fae
£ 86.99% (i, ER 1 51 AR S AR S 564 2L
I T W 28 X RFAE I B AR 2D A EL T U-Net A1 PSPNet
FENGR G IR Z4RE %, WoodGrainNet [ Hi 2k R ILTE Ay
. XR U] ZRESTE R I RE LA R 1 R
PRI BE T4, A A A 10 A 3o A v I R B N )

WME, BRI Rz & BT, 3) SegFormer-Bl
RAE A RSO _EAI% 38T WoodGrainNet. i3 —25
WESE, HAR Transformer 2244 B 42 R sz B, (HAE AL
Sk = SO0 N AR L 2, AT A B2 R
TPk B AL 7 %
3.1.2  frbaREedA aE AT

AT B%AE WoodGrainNet 7t JF 45 44 16 B 4P 38 58 1 %
By 2% 1301 25 T B 2 B BE, K H 55 U-Net. PSPNet.
DeepLabV3+LL & SegFormer-B1 45 =E Jit 15 X 43 %I W 2% i3t
1T TREmXT . 36 4 Bon 7 S BEAAENNAS B Evr
(RESE

x4 TEHEBEMNAE LAIMEREXSEE
Table 4 Comparative performance evaluation of various models
on the test set
SHE FL o HRZE R
Params/ F1-Score/ Recall/ Boundary

reit) mloU/  FPS/
Models % (i-s™)

M % % ToU/%

DeepLabV3+ 84.39 17.83 40.52 83.22 82.43 19.91
PSPNet 80.28 27.25 29.80 76.89 75.44 10.58
U-Net 82.31 28.84 7.77 79.54 78.86 19.93
SegFormer-B1 82.98 32.40 8.39 82.74 81.80 18.29

WoodGrainNet 86.99 51.78 7.59 86.52 85.64 22.59

Mo EIRE B IR 4E K, WoodGrainNet FEHLH T i
FHTERE B . mIoU 214 86.99%, 43l kb DeepLabV3+
F1 SegFormer-B1 #2271 1 2.60 A1 4.01 /N FH 4 i o XK BH
AEMAELBBARNE FTI (s, fhE) WA
B (R EHE 1

SZ BT 2E T AE SR A B R T LA, JE T A
HEE/N AR EULS o TN E bR G R AU,
FRbRAHE R L I B A SRR, (L 1~2 B E1
3 & 2 Bl 2 S ENZ IR bR B2 R MR, TR M7 TR R BT
SEFEE ) Boundary IoU #8#5 L, WoodGrainNet 4 22.59%,
T SegFormer-Bl ( 18.29%) F1 PSPNet ( 10.58%)
GBS (40 PSPNet) fE4 L £ 0N KFE G 1EAE
R T RS AT, T B0 B R B A AR B
. 1M WoodGrainNet 75 & T 5] NPIJEARLI R 70 3, e
i {2 b R B 15 1 P = B eE B2 S S, AT U o T
AT PR K& 0, ARG SR A
T 52 FEE A AR B4 T R SE AR L AR JE Al

FEAS Y 55 e B 5 41 B o B AL 7 T, R R W B
WoodGrainNet £ SEFRA: P PR 55 (1) TRESE R %, AT 5T
HE— 0 B I VPAL T o B v 1) A B R AL BEVERE . K
NTHERG— B8N S12x512 8 &K, AL EE K /N &
EN 8, LU 3 X Be VPAl R G 1E b B S0 A0 i
B 2 R B P AN IR R AT b st MR A R BoR
DeepLabV3+HE A KEFE 1], (HIH S 4 & 51k 40.52 M,
FPEHERE AN 17.83 Wi/s,  3E LA L 178 7 b 1) SER
PR, L2 T, WoodGrainNet i i 8 w4k 1 g il 2%
Wit, KBS EEHE 7.59M, HEFEEEEEEED T
51.78 Wi/s, ZAARE BA TR HANME.

WoodGrainNet f] F1-Score 1% % 86.52%, #5717 {}
R AR R, BT HAMHEMLE S (R A
P WiRAED RACDHEECFER MR . M T,
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SegFormer-B1 B 48 #| | Transformer ZEHJ i #¢ T 4 5 I
T, ABFEGRZ A E ESE R LR, K F1-Score
ST AT 378 N E /v i, e — BRI | & FBY &
THR LB

B3¢
Shadowed

e EE
Complex
background

J [ FLIhRAE

Deeeplabv3+

Original image Ground truth

PSPnet

313 TREAR FATELF A @2 R

N U DT SRR TR AE LS B AN M IR R I
ZACRE ST, EECT BRI BRI S AT A
te, w11,

SegFormer-B1 U-net WoodGrainNet

B 11 RRARE IS E AR T 09 53l fe

Fig.11

3.1.4 AR B RkiXIn 5 M AL TS

N T #RFT WoodGrainNet H £ /N 15 e Xt 5 44 M RE 1)
Tk, LA SegFormer-B0O JNFEZRAR A, 18 L 3% A0 IS A
Iy TR S R E B, Wit T 2 AR,
® 5 PR

x5 RBEZESUHRRN
Table 5 Ablation test of modules

1 Models mloU/%  GFLOPs  Params/M (r|1§1‘}~)ss’/‘)
SegFormer-B0 84.70 20.11 4.81 104.2
(Baseline)
Baseline+Freq 85.67 23.58 5.58 89.25
Baseline+Shape 84.86 34.81 6.82 68.21
Baseline+Shape+Freq
JONUA 2 2 .1 .32
(e W) 85.29 38.28 7.16 60.3
Baseline+Shape+Freq
CHEERL L) 86.99 40.46 7.59 51.78

AR BN 3 SO AR R R T L 2 A A 1
Fefit SIS S5, mloU M 84.70% $27+% 85.67%.
ERF AL R ZIBA B G R T, FHmSE L
£ RGB Z a2 [ Al FEARACL, P2 A Mt A AL s B &%
SERLRARA . SRS SOl It Haar /)N85 e 42 Y
GBS REAE, ) A 5T T 34 1 7 A 1R AR 8 ) B 1 v A
55, WINESIRAEERKAT R E5H S KRRy,
A RERK T E SRR, IR T 5 ASE Y
50 A U

B 5] NFIR > )5, mloU 7% 84.86%. HAR
HBAE mloU IR MR EE B LA IR, HZ 55 3B Z L oTik
ETXAGG R IR EIE. @i 5] N\ Sobel H 12
E (I 0 BE TR, R 286 o i o] DR v PG Hp 1) v AR JBi6 X
W, YT BNET) AR, XA R
DIIWTAH AR AT 2 B B R I 55 2 X3, $R T T e B4
I ERYE, XX T G S5 T @ 0 i i g 5t
PP

Segmentation performance of different models in complex field environments

FEARTS T 73 9l 6 =73 3% T 1] B T P e A =
BERIEA YL PHE . 00 A R R s PR A
=4 HHEAERS, mlIoU N 85.29%. il 245K FH AR SCHE H
2R IR A, mloU EKTH 2 86.99%, #HLL
A FRPHEE T T 1.7 N R
3.2 FEAEESSMHERERNIXESH

AT T E T WoodGrainNet £ 4t il #2 BU I FE 265 2
FRAE XS AR AR J5 2 AE K sEbrgg i, 2ET 1016 Al Y
B FUEPE VR BT AR A, F R T3 i 5 B e A
(C) 5FNFMIHEEER (N) ZIE MGy,
BRI mloU PRAIE 1 A58 Y5 2% ~F- 2 1D X 3847 B ) 56 %
P, XEAETEE LA bR T IR . BARZIR T/ H iR
14 & B, Boundary IoU fs Fr R 35, (HH T
mloU #ifR T H AR EARMIEAER E, A3 T 575 200 152 5
REME A i Hb S W75 ot B V) BRARHAE

Gt RSN (E 12a), —FZ MAAE LN
MHRKR, R RECHR =0.764, H &2 MEKFH L
P<0.001. [RlHLRFHET, BEAE V700 B B 3T, A
MRS AL E L, UERE T R bR RE 8 R
It 76% MIHABERE AR, RERIAGALEE, HEFEAR
HHm R RN Z) 5% BB B, S BA
[ FEHRFE (C>0.90) MIFEASEPREFBERURAC, XMy
MK SR ER AR (338K 4y i dd . it e 22
) FRE AR A AR arvE ) 2 RS A R, X —
LG A I HERR 7B AR M S T, UESE TP
T 56 BE [P 2 T PRBR 7K 4 AR i 5 77 0 BE A I ) B A

R T IE RS PARHER G R, o RFELE (o
Bl 12b) @#F— P RaR THERIE “BRE” “REF" 5
T 3AERN A ZE T B 2SI P
BAE BEBRARME: 24C < 0.550), MEkkIHBERh AT ECN 1,
HorAn X a3 AE, 2 B AHRE 4 3 1 ~F 2 ™ s ) 1 A=
K HEERTFE0SSSC < 075X AN, i FAE
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2~3; MHC=0.751F, BIEEH /o KRS, s
HARELE 4~5 RAIKF . KPR E N ERX RN,
BOE M7 FRAEA A LT BT 7, BEAEEY) & b
FLA v L AR T AT

Zr b, IRy H B R R R BRSOk T BT AME )
AMRRAERLR B (IR R 2 400 S B A KA i), (=
H RS G . %R T EY, Bl
AR S B LARAS R B T A T, R SR AT AR R
RO SRR Z T B

~
d

| R=0.764
P<0.001
L (N=1016)

A B
Number of lateral branch sprouts

—_ f=) —_ [\S} w S w [=)}
T T T T T

03 04 05 06 07 08 09 1.0
ST

Coppicing surface roundness index
a. LRPEMIA 54T

a. Linear regression plot

=

ML T EEEL
Number of lateral branch sprouts
w
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JUH A
Quality grade

b. 53 FeAiLk
b. Grouped box plot
B 12 HEAAH N 5FESEE (C) 0&-EE)IEREK
FERTONH
Fig.12 Linear regression of sprout count (N) on stubble roundness
(C) and its distribution across different quality grades

4 HiERE

HE R ET 2025 7H 5H. 7H 2HMT7H
30 HAE 7 5 #hith 77 B K F oy 56 B 456k Hh g AT Cdn
K 13), RIERHENEERIEERBCTE&, BARSN
REEMINL ZED 2i; THEHLAEF N NVIDIA RTX 4060 8 GB.
4.1 I

N AT 30 AT 25 7 35 TR R 3 e ) R Gi e | i AR 45
PR B R ) TRE T S, ARIGE TP 78T
TR B S S v R 5K I AR A 1
WoodGrainNet F L E TR ) & um i Tislp, =A%
SEILAEZ IR 126 F R 5 iR fa e, BYE
IO UFZ A R G RE TSI 2 B LT AR X iy SR S
TR O TR R

WAL, R P AS R B (1 37 S5 0 B 5 S B S AN
RIGHE— DI R T HANZ AR 5L Z M GIE. —J7

15 ZEPoor

17, BN FERAE, KRR AT AN RS T
WG HE > EIREST: 73— J5il, 456 mUOB R,
R GURAIL T BT R 48 3 B T 25 22 R AR T AT 2% 17 BE
PR E AR L, NIRANRIE T SR
By R AL T 9 AT AT

B 13 @R
Fig.13  Field test

42 RGSEMIEIES TN AR

BT B AR R AP AE RS B VDO BR R A N L
R4 (i 14) . WoodGrainNet 155 5 i L T Lk

PPLHiitERe . ER VLS AT, BRI =
AR A, A RENH] 7 AP SIS,
B E HL 2 A SUBE R BB X 3. T AR 45 R B
A R B TR I HE S U S AN R P RE I FC B, UESE T
RAE ARG E I3 50 N XHE SCH RSB 80E it
4.3 YEHEEREIFRES TS EEMTTIE

N T EZMVEAN RGAER A KR 3% 52 T LR &
PERE S IE M, 7RIS X A BEHLIEEL T 120 AP 2ERE A
HEATHEEALIGAE . X b R 48 H sk PG 45 R
HANTSEHmEE, N “Esg 5" 5 “ijiE
TRITERfE" PN E AT T & T .

Giit R IR, RGALE 120 NIRREE A b E R4 2%
T2 61, AR ARSI 93.3%. XK RSAE
5 RN BT AR 2 T S AN [R] Jo3 8 55 A 1~ 2 Th 4T
RHEX 5y, FEMSRREEREPE “RIF (Good)” 5
“Bi 7 (Poor)” HIImFEIXIL (29 3.1% (M EREAR Y IR
FINRE) . B EE, XFRA EEHRETH MK
BAE I XD R, S EURIUFREE K L 7= A W
7, HEmisgm 7R R R

B 15— R T RGN BERL S 56 5 J St ul
MEAZ M ELRMERITRE R P 200 B E R IEH %
B, hiE RER? =056 (N=120, P< 0.001) . 4 K%
BHAR SR E MY = xS HLNM 1R ER N, R
ARG RS AEMRAI IS FRERILAEER" 5 “IfE8E
717 Z A AE L E R

FHELT 4.4 7575 5 A B0 4 13RS 1 B A8 B Ml
(R*=0.764), BFAMSEMEIAHCHE I T B0 T . X Pk
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BRI R BN 7 A4 K ' [ R A8 AN T BB G 1 R
RBUE R 7T AW, RERBORER T B RAKT
(M BE 1, UEBE T WoodGrainNet #5141 B A 11 (1) T
Y. BRAEAER) D BB CUn T O i {HL 52
MEY 0 MIFEA) 87 THEMA KK Z 7 WK Rk .

REYIBR T ARG BBt 4, BigEA

a. BPAMAHG S P

a. Original field test image
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Predicting the number of lateral branch sprouts
B 15 AL H EHE IR AL ) XM= )2 % R
Fig.15 The linear regression relationship between the number of
sprouting tillers and the observed true value was predicted by the
system

Bl 16 7R T 35T 120 2B 2SI RE A A pl (1) 7 2 5
WOGIRERME, SOl 4RERY, RGERIES ML
REE T I AR oy R AER R IA 2 T 90.8% (109/120) » #1
KEBFEAR SER MR EX AL L, B
W T RGETIN 45 R 5 N TP i B — B .

TEF R PRI I B N RV B SRR, AL
HEZN 94.9% (37/39) . MHECT HAL RIS IAEE, B 4hs
MR BT 2 BR G RIFR NI TS . &R,
XY 5% iR 2 FE A TR f 56 B4 S 80T
WAL= A ot i, (615 B 7 B E R SR B 2 56
S BN =T L SAE . X AR /NS B P s R E R
AN IR Z AR R A, BLAESEPR & B A AT AT
P27 A BIEN .

b. 3RS

b. Segmentation mask

B 14 PR TATE A @R SR T AL R
Fig.14 Visualization results of surface quality evaluation of Caragana korshinskii stubble in field environment

bR NIRRT AR TR, B AT RE AL T
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c. Prediction result
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B 16 FPol At AR e B E R
Fig.16 Stumping quality grading confusion matrix generated by
field measured samples
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BEXT 26 P A bl = 2 i s PR T B MO
NTELE . SCRMK TS A, LA 5 58 B 5 5]
FARNZ L, R T INEER R, RZVHEENLT
RS S ERN RGN . FELERWT:
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Effects of coppicing surface quality on sprouting regeneration of
Caragana korshinskii

GAO Yaoyao' , ZHANG Hepeng' , YANG Lei* , QU Aili* , WEN Xuefei® , WANG Yutan'*

(1. School of Mechanical Engineering, Ningxia University, Yinchuan 750021, China; 2. Ningxia Helan Mountain National Nature Reserve
Administration, Yinchuan 750021 China; 3. Institute of Forestry and Grassland Ecology, Ningxia Academy of Agriculture and Forestry
Sciences, Yinchuan 750002, China)

Abstract: Quantitative evaluation standards are often required to accurately predict sprouting regeneration, particularly for
cutting quality. However, the coppicing surface targets cannot be recognized in complex fields during Caragana korshinskii
shrub coppicing in the arid regions of Northwest China. In this study, a quantitative evaluation was proposed for sprouting
regeneration, according to the synergistic association between cutting morphologies and agronomic traits. Accurate recognition
of coppicing surfaces was achieved in unstructured field environments. A segmentation network was constructed, named
WoodGrainNet. Firstly, the global context modelling and target localization were enhanced via a semantic stream using a
lightweight Transformer architecture. Secondly, a frequency-domain stream was incorporated with the Haar discrete wavelet
transform to effectively suppress abiotic background interference for the texture representation of the targets. Simultaneously, a
shape stream was combined with a differentiable Sobel operator. Explicit constraints were also applied to high-frequency
gradient regions. Thereby, the adjacent cut boundaries were delineated to effectively alleviate the adhesion of dense targets.
Three-stream features were synergistically simulated for the deep integration. The WoodGrainNet significantly improved the
segmentation robustness and instance discrimination of the improved model in complex scenes, particularly at the level of
underlying physical feature representation. Accurate segmentation was achieved to automatically extract a key geometric
phenotypic indicator for coppicing quality—coppicing surface circularity (C). Accordingly, the coppicing quality grading and
sprouting prediction were established after evaluation. The experimental results demonstrate that the better performance of
WoodGrainNet was achieved to balance high accuracy and real-time processing, with a mean Intersection over Union (mloU)
of 86.99% and an inference speed of 51.78 frames/s. The performance was significantly superior to mainstream networks, such
as DeepLabV3+, effectively recognizing tiny coppicing targets. In terms of agronomic analysis, statistical results revealed that
there was a significant positive correlation between the morphological quality of the coppicing surface and the sprouting
potential of lateral branches. Notably, the coefficient of determination (R?) between the coppicing surface circularity (C) and
the number of lateral branch sprouts reached 0.764 at the S5th week (). The circularity served as an important morphological
indicator to evaluate coppicing quality and sprouting regeneration. Field tests were conducted to verify its feasibility for
engineering applications. The improved model was deployed on a mobile intelligent system. A discrimination accuracy of
90.8% was achieved for coppicing quality grades under mobile working conditions. Sprouting prediction trend was highly
consistent with the measured ones, indicating its potential to replace manual inspection and subjective empirical judgment. The
pixel-level phenotypic analysis of the coppicing surface was effectively transformed to predict the single-plant regeneration.
The finding can provide a theoretical basis and technical support for the quality evaluation, parameter monitoring, and precise
detection of ecological shrub forests in arid regions.

Keywords: Caragana korshinskii.; coppice shoot; image segmentation; WoodGrainNet; stubble cutting quality evaluation
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