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Abstract; The use of computer vision technology for automatic grape berry detection during the berry
thinning stage is of great significance for the intelligent monitoring of grape growth status and phenotypic
analysis during berry thinning. However, compared with those at the mature stage, Muscat Hamburg
grape berries at the berry thinning stage in natural environments are characterized by small size, dense
distribution, severe occlusion and adhesion, and low foreground contrast, making accurate detection
challenging. To address these problems, an improved YOLO v8n-based grape berry detection model,
termed ASP — F — YOLO, was proposed to improve the detection accuracy of grape berries during the
berry thinning stage in complex environments. Firstly, the network architecture was optimized for dense
small-object detection by introducing a high-resolution feature layer into the feature fusion process,

thereby enhancing the model’ s ability to perceive small-scale grape berries. Secondly, an adaptive
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spatial prompt module was proposed, in which frequency dynamic convolution was employed to adaptively
generate spatial prompts. This module enhanced the representation capability of shallow fine-grained
features for complex textures and high-frequency details, thereby strengthening responses to target regions
while suppressing background interference. Finally, an adaptive hypergraph structure module was
introduced to achieve cross-scale feature enhancement and model the high-order relationships between
grape berries and clusters, thereby improving the model’ s discrimination ability for densely occluded
grape berries. Experimental results showed that ASP — F — YOLO achieved an mAP_ ; of 95.4% , which
was4.3,4.6,5.0, 2.2, 12.8, 14.7, and 29.3 percentage points higher than those of YOLO v8n,
YOLO 12n, YOLO 13n, RT — DETR, CenterNet, RTMDet, and RetinaNet, respectively. The
mAP, 5 _, o reached 74. 1% , representing improvements of 4.4, 5.2, 5.4,5.8, 8.1, 11.0, and 30.1
The recall reached 88.0% ,

corresponding improvements of 4.0, 5.1, 5.6, 0.7, 19.5, 22.1, and 37.5 percentage points,

percentage points over the above models, respectively. representing
respectively. Deployment experiments showed that the model achieved a detection speed of 21. 05 {/s on
the NVIDIA Jetson AGX Orin platform, with a model memory footprint of 7.2 MB, demonstrating
favorable edge deployment capability. The proposed method can provide effective technical support for
dense grape berry detection during the berry thinning stage in complex natural environments.

Key words: Muscat Hamburg grape; berry thinning; YOLO v8; dense small objects; adaptive spatial

prompt module; frequency dynamic convolution

0 3]

WA EE KRR — BT SR W)
T BT FERRLA T BB, A A EAT N,
i R R S S BOR ALY | 0 A RO A
$ AT A DR R A AR R G
AR 2 B TR R /N I HEAT B 2R, HLAS [ 4 A
o SRR B BRI ER AR AR 22 B T A SRR A
R B N SR R T ORE O B R a8 5 AR
OR AT B A PE RV AR S M RRIE B UIAHOC o 7 F AR 3R
AR N T 2 58 ) W i 2R I BIL, S AR AR (55 Bl
R, T H. 5 2 32 WL IR 352 i, M DA 2 R4 L Kg
AL B R RE AL A BEAR SR o R T 0, AT AL BE
TR S B R B RORL AR I, AN A RE A8 4R i SRR B
BRI 3 ] S A 4 AR ROIR A ) R g R ) 3R R
I3 B SR AIF 50 B B AT 5 Y i dl S A

Bt T AL BE B AR 1 A R, AR 2 Al A
SRS R T 3 R R YOLO & 4 5 Y [ S
L0 o G M G TR R S IR 3% T A AR A 0 A R 52
RO A SRR T s o A A A AR T 5 L B D T
EER 3 LR KRS NG K B o R TUNG KR S
Jr i

TER A RAR I 0, EA WL BT YOLO £ 73)
PR TT G B U L S H AR AR I, dn SR R
YOLO v8 557 52 B R 4 s A I 5 2R A6 5 £, I LA
TR B 5 S AR I i A S B 5T
M 5 1A KR A ) 4 A B R LR, X A e
Fro TR EAT T AAL , TRRE AT T i A
fig!" o K SERT T S A X RRAE T R MR LR R R

il

RB R XoF 52, G AR AIE 3R 3k 5 ) S0 e 2 A X AR
0 A B8 7 T, 4 2 OR0 5 B AN RUBE 5 R 0 A
T P o AR AT RS AR D T I R
PRI I, BETE R 51 RRAE 4 BUORE ) 5 ) A 7
DABR TR 0 5 40 0 vk Al fHL K Oy 3k 2 4R
SRR R TR R AL

seAh, AR BT HAR S 15 S B R T 20
B SEOOF O RE N AL R B2 e G I P i A B IR
E A BRI R AR BB R R A R
Bbs AR AE AR 9% S/ BAR S R AT AFAE AR 1O
FCAE ARG o S0l SRS D0 T, LSS BLAR E HL
e R AR A

g b, BN BB A A A AORAL TR R Y
B, RPN RS/ SRR i S 4R, B Yy KR
P52 TR) RIS 0 L R AR, S B H AR 0 AR
W RRIE 2y IR o AT RS R i o BUR
LG 16T ek B g A2 2¢% % i 1) A, AT H s A I
LRI 5 T B R RS B2 5 A 4R T it AR
SCLL YOLO v8n Sy FE R A58 7Y, 41 o i AL 0 2 4 2L b
KrIAT: 55 %t M 48 45 A dE A7 DAk, 51 A A 38 D =[] 42
7 BIL A I RUBE AR DG B A 7 1%, K 3 ASP — F —
YOLO SUREAG I AL A, DL T 0 7 52 2% 4K 3R 45
TRR I PERE , OF ik KA E A AT 7R B E R
309 B A A 2 SRORE O B b T R X L 1 A
B, LLVEAG B 42 J7 ¥k 1 A1 2ohk

1 HRSTE

1.1 HERESHME
ASHIFFE HH L 2R 400 BB A i 4 SRR R AR AR A



338 ko AL B ¥ i

2026 4

PR T T AL X SR A A 5 L 64 iPhone 13 5
iPhone XS Max 5 HLX 46 BRALBR AT 2 M0 FE 4148, 36
AL 1 050 WP (&, T 1R T US4 BE AR TR (R
Hy W3 52 VT B, 92 B T DB 5 B 1 A
R 0 49, T 5 A 1L 0% L 4% b T T4 £
BEACT LU B, L5 IE B4R 45 10 2 B O 19 38 45 0
HOUZ L AE J . f5e 2 SR B 920 WA SR 0 BB 75 0 4
P 6RO b7 T o B R T AE TR HE S A 5
B BRVE . T 5 M ] L0 SR L 45 39 B i 2 o
TR HE 2 30 T 17 26 35 50 4 1 R, 55— 100 36
S AT T S T O X B 7 T 0 R 7 3
S 0 G N T 5 0T o o A R R 90 19
R 4 ARV R 5B 95 R AN 3 R 0 A
U9 VOB VE S R A AR I B P 5 L — B
R P, DA T 45 25 S8 9 0 i o 0 U 45
11 1 7T
. -

e .
R8T
(1 F IR I7)
B L SN A AR B

bi e
(I R FARET )

Fig.1 Sample images of Muscat Hamburg grape

at berry thinning stage
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Fig.2  Distribution of grape berry target scales during

thinning period
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3.4 PUHHHERGEBIRIS
FIEIE ASP — F — YOLO 4% ol i 55 W& (14 4 %%
P, AR SCLL YOLO v8n iy 4R AR A 43 5 5] A I 4% 2%

ik (ASP — F 8 K HyperACE B2 5 it 17 71 fill 1
% AR R 2 PR .
SEREW], 5 )G YOLO v8n A LU , i i W) 45 28

*2 HBRAKER
Tab.2 Ablation test results

Mg 4ergfifk ASP—F  HyperACE Kj#fi/%  mAPy /%  mAP, ;5/% mAP s o5/ % HME/ %  FrEHE S8
93.0 91.1 79.9 69.7 84.0 8.1x10° 3 x10°

vV 93.5 93.6 81. 1 71.6 85.9 9.9 x10° 9 x10°

% 93.6 92.4 79.6 71.1 85. 1 1.82 x10'" 6 x 10°

v 93.7 92. 1 79. 4 70. 8 84.6 1.16 x 10" 3.7 x10°

vV v 93.7 94.5 82. 4 72.8 87.6 1.28 x10'° 1.7 x10°

vV vV 93. 4 94.6 82.7 72.9 87.6 1.09 x10'° 9 x10°

vV Vv 94.0 92.8 80. 4 71.8 85.7 2.57 x 10" 7.8 x10°

vV 4 vV 94. 4 95. 4 83.9 74.1 88.0 1.33 x10" 1.5 x10°

VRN R A, TR

LA IS, mAP, o .mAP, o Ko 7 [1] F2 53 1) $2 T} 2.5
L2 1.9 AN 5r f, R 0 E R AR 2y X BB A
ROAR R /IS E AR 9 200067 B R AR A5 B, DT 32 T 2% 4/
HARMENGE S, 5 e [ i, B3 2 80k i 3 x 10°
B 9 x 107, S KT M £ 2R IR TR 4 %
FRAEJZ RS B, i 9% 00 S 8 HL A B R (1 3l 3 5
B HEBIRAE S50 R, N 5 5 RE %
FEWOOBRYAR, PR asEsa, KRR
SLIBER ¥ i B RS S (T RS Ry 5 DN I R 71 1 SO =
Y HERRHIE)R S 5 5 SRR Al A S R T B AR
KA FRAE ] A7 6 BT 53, 5 3503 i 88 A vk 4303
I R AR PR s B R 8.1 x 10” BT & 9.9 x
10°, 7F 3k 28 B AU b gl 5] A ASP — F BB R,
mAP, s \mAP, 5 o5 S A [0 F 5y G T = 92.4% |
71. 1% F1 85. 1% , Ut WIMR 3 9 25 [ & /s iR 5 8 &
T I ] A% 38 i A DX 8 S 4 o ST AR
T 5 T4 4 SR s Y R AE kB h . AR, i T X
PR AE 4% o0 B SRR AE P L R A7 1% 25 G 1), A 0

S A PTG in. B 51 A HyperACE #E 35,
mAP, o .mAP, oo KA FE R T E 92.1% |
70. 8% F1 84. 6% , i 1 5 R R AF 22 18] (1) =5 B AH ¢
AR MR Z SO B S IR EE U BB 5 s
STRRG . 2 3 MBI E B BR8P fE Ak )
AE, mAP  .mAP, o mAP, o K [8] FR 5 5k
95.4% 83.9% .74. 1% 1 88.0% , 45K, &L
HE WS TE % A /N HARK W AT: 55 vh B R4 1 B [ 3
T RO o
3.5 ROVERBLERHBMSW

HAIAT 20 1R 3 X 20 AR F AR HEAR AR 2 B 4545
HOX 8 7 /Iy b 6 i R 40 B0 7 7 2 SR A DU e
(IEEI A SCTELR B 40 18R x40 12K 80 13 % x 80 &
F A 160 13K x 160 13 Z & /3 FHRFHIE 2 FRAE Rl & 1
el B JFRE T L 20 18R 20 QR AR PR FHIE 2 02
25 5 SR IR LA AR B 0T oA, RGP X
53 3 SN [R) RS2 G %o A58 AU ARG I 1 fiE L S 880 R
SEARFEFER IR 45 RN 3 Fis

R3 ROVERNSZTXRBEREHZ K ER

Tab.3 Ablation study on impact of low-resolution detection branch

R BERAEME)Z ASP—F  HyperACE  H§#fi%/%  mAPy /%  mAP, ;5/% mAPy 5 _o5/% HI%/% 7FSEH & EYi6
93.5 93.6 81.1 71.6 85.9 9.9 x10° 9 x10°

vV 93.4 93.6 80.7 71.6 86.0 1.22 x10" 3 x10°

\ 93.7 94.5 82.4 72.8 87.6 1.28 x10" 1.7 x10°

v 93.4 94.6 82.7 72.9 87.6 1.09 x 10" 9x10°

vV Vv 94. 4 95.4 83.9 74. 1 88.0 1.33x10"  1.5x10°

Y vV 93.5 94.0 81.7 72.5 86. 8 2.36 x10'° 6.3 x10°

4 Vv 92.9 93.8 81.6 72.1 86.5 1.45x10"  3.1x10°

Vv vV vV 94. 4 94.6 82.6 73.2 87.3 2.63x10° 6.5 x10°

3 SRR W] AR B A ) E B A A SRR AR
/N FARKLINAT: 55 H A 51 AR [R) A58 B A8 e 21 5 119
LT, BBk 20 {23 x 20 15 3R A% 70 B SRR J2

U Z BN F8 R T 0% B i o S B RS . Y [R] B
1A ASP —F 5 HyperACE LI, T AR 73 #F R 1IE
JZ 1Y W 4% mAP; s .mAP, .o mAP, 5 o HIH [1] 2 43 5]
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KL% /N HARKL I 37 57 R AR5 B R R AE 2 X5 /N H
PR EARE A IR, KB R EZ B R 55 £
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Fig.5 Visualization of heatmaps for ASP — F—YOLO
and YOLO v8n
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Tab.4 Performance comparison of different attention mechanisms, ASP — C module and ASP — F module

SA CA CBAM ASP-C  ASP-F  H#iZ%E/% mAP, /%  mAP, ,s/% mAP, s (os/% AR/ % T RB A
2 93.5 94. 4 82.6 72.9 87.0 1.09 x10'°
vV 93.5 94.6 82.9 73.1 87.5 1.1x10"

\ 94.2 94.6 82.8 73.3 87. 1 1.1x10"

\ 93.3 94.9 82.7 73.1 88.2 1.21 x 10"

Vv 94. 4 95. 4 83.9 74.1 88.0 1.33 x10'°

iU KW, ML SA (CA CBAM, ASP — F B3k ff)
mAP, 3 IR TF 1.0.0.8 0. 8 4N F 4> A, mAP, , 4
FFL3.10 11 AT 4% 5, mAP, o0 4 5 4 71
1.2.1.0.,0. 8 /73 70 s, (R L M 5 5 A A 00 1R BE 5
FRIERIBRE Ty . TR S R R W], FE Al i o & 17 5t
T A SO WA [ 55 Y AR T v i R TR X3 AT X

o, Hop i S X LR (B bR i, ASP - C 5
ASP — I 75 3 44 75 J3E 50 i 1) SRORE X I8 8% 77 A 5
I, 1M SA \CA K CBAM HEH7E 2 X Jek 2 B oy o i B
g e L7 55 [ I 7 A L S DA A B A A AR
FIARMINL o B2k 7 ASP — F FIl ASP — C LB () 45 4
AE A7 400 5 e ik P vh s X 38Ky w0 B2 i 7, - 410
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Fig.6 Heatmap visualization of different attention

mechanisms, ASP — C module and ASP — F module
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Fig. 8 Heatmap visualization of features before and

W ER

after HyperACE integration
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Fig.9 Detection effect diagram of YOLO v8n model

before and after improvement
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