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Abstract: [Objective] Traditional afforestation acceptance methods are inefficient and struggle to adapt to
complex scenarios. Meanwhile, the difficulty in directly using drone imagery for Al model input has

hindered the intelligentization of afforestation acceptance. This study proposes a MDIEA-YOLO detection
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model based on drone imagery for afforestation acceptance scenarios. The goal is to achieve efficient
identification and accurate counting of afforestation seedlings, thereby improving the precision and
efficiency of afforestation acceptance and providing technical support for modernization of forestry

3

management. [Method] To achieve the above objectives, this study developed a “ multi-dimensional
interaction enhanced attention module” (MDIEA). By integrating convolutional block attention mechanism
and Shuffle Attention mechanism, MDIEA can efficiently process features of complex scenarios and small
targets, significantly enhancing the network’s parsing ability. Embedding MDIEA into the YOLOvS feature
extraction network, the refined channel and spatial attention weighting strengthened recognition of key
features. In addition, the XIoU loss function was introduced to optimize model’s boundary localization of
small and overlapping targets, further improving detection accuracy. Ultimately, an end-to-end image
preprocessing pipeline based on drone imagery and the MDIEA-YOLO model was constructed to enable
automatic identification and counting of afforestation seedlings. [Result] In experiments conducted at the
Jiangle State Forest Farm in Fujian Province of eastern China, the MDIEA-YOLO model achieved mAPO0.5
values of 97.5%, 96.1%, and 96.8% on the l-year-old, 2-year-old, and 3-year-old datasets, respectively,
significantly outperforming other comparative models. Under different lighting and resolution conditions,
the MDIEA-YOLO model’s mAPQ.5 values remained above 92%, demonstrating good robustness. When
processing 100 images, the CPU and GPU processing efficiencies of MDIEA-YOLO model were similar,
indicating high flexibility and adaptability of the system in practical applications. Comparison with manual
inspection revealed that the system exhibited comparable or even higher accuracy and efficiency in key
indicators, proving its reliability and practicality. [Conclusion] The afforestation acceptance drone image
preprocessing system proposed in this study has effectively advanced the intelligentization of afforestation
acceptance, significantly enhancing acceptance efficiency and accuracy. It offers a new technical solution for
the afforestation acceptance field with broad application prospects. In the future, model the performance will
continue to be optimized, and the dataset scale will be expanded to accommodate a wider range of
application scenarios, promoting the modernization of forestry management.

Key words: digital afforestation acceptance; unmanned aerial vehicles (UAV); image recognition; small

object detection; YOLOVS; attention mechanism; optimization of loss function
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Fig. 1 A process chart of afforestation acceptance after digital transformation
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N T RN TEAG MDIEA-YOLO B () 4 e 4 &
Y5z AR T), BT — 0 8 T SR AE A [
FIRSAT A3 R N R % 2024 RN
NEBE B, S AIAE A IR S BRSE RE AR 3 Rk
TR T, LA/ #E3R (320 x 320 18 ). 4
(640 x 640 B Z )M 40 HEF (1 280 x 1 280 14 %)
3 Py e B R AT
24 ERIEIE RS RITE BRI

N T AT PEAL A T4 H ) MDIEA-YOLO #5%
R RE, ASHTE F0E I N TAS 56 55 ML 28 A6 56 1 %o Ll
SEHG, B PG T A AR R AR R A G R
Bro NTACS 3 L4 0E N LT, BT @
HER T AN T8 BRI R 15 m x 15 m 5
WORE RS2 AR, BEAT H AU o RSB 108 8 K 90
£ EL 10% B 2R 3 AT R B, BT AR AR T OK
10 5K, 2 SEAE TR 10 5K, 3 BT AR 11 5K, 5 H

B, EHATH IR AIE S5 I, HREAK# CPU(central
processing unit, 15 4b 25 ) SR FE AL B G R T D RE
M A FINLES CE AL BT ANLES BRI, Hois 47 1 () 22
X TAEREA BERW. Kk, &P FAXTH T A
[F ML (I 47 1 BE . 7ERC % GPU Al CPU HIHLES
P LT, X Bk B 10 3K B BA & 100 5K &
BEAT IR AL B, XL R R I . DL IR EAE A TG
GPU g, &txf B— [ 5 15000 BA St & 18] b
(RS2 Bm BE I K, A dR I e 1 & Bk A 5 A A 4
BERF AR 5 B S

3 ER50

3.1 MDIEA-YOLO #&REIHJIR B R b

REA S Lb S I6 45 K B, MDIEA-YOLO #E A 7E
JT s B R a4 Ry R I e, BT At
X EEARAY o o U 5 R 6 B, BARIZRS:
BN 4~6 iR,

MFE 4 7 LLE i, MDIEA-YOLO HERLAE 1 £
AR H 4 2 EEUAS T 97.5% ) mAPO.5 i, P& &
T H AR EE AR . 1X 3% 8] MDIEA-YOLO #5 B 7E ik
H/IN BRI BB E R RS FE o AE R AN ]
R J5 1, MDIEA-YOLO # %4 53 5l 15 3] 7 95.29% Al
93.1%, i b3 R A7 YOLOVS-nCRE i K 94.9%, 4
AR 92.3%), 2T T 0.3 F10.8 ANE 4, SRt

avbyeo d N D EETARBNEER, . £ 2 FATARPBER, g h A 3 FAETARPMLER.
6 #T MDIEA-YOLO BT AMLRAR e ARSI 45 21
Fig. 6 Identification results of UAV images for seedlings based on MDIEA-YOLO model
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Tab.4 Comparison of training results (one-year-old seedlings)

f Ay Pl% RI% mAP0.5/% mAP[0.05, 0.951/% YR K /s
YOLOVS8-n 94.9 923 96.0 60.1 307.98
CBAM 94.7 92.9 96.8 59.8 318.87
Shuffle Attention 93.2 925 96.9 58.2 318.62
XloU 93.5 91.3 96.1 55.8 323.89
CBAM + XIoU 95.7 91.4 97.0 59.8 400.76
SA + XIoU 94.2 92.8 97.5 59.8 324.64
CFNet 95.0 91.5 97.1 59.8 404.47
biformer 92.8 88.9 95.0 53.0 637.50
A% MDIEA-YOLO 95.2 93.1 97.5 61.4 395.47

VE: PNAERR; RNVA 155 mAPO.5F R BIE MOS8 2418 s mAP[0.05, 0.95]1F < EIoURIE A 0.05 F 0.95, LL0.05 25K it T BUE T,

AR T 2IRS R B T F

x5 NGERREE (2 F4£HK)

Tab.5 Comparison of training results (two-year-old seedling)

iR P/% RI% mAP0.5/% mAP[0.05, 0.951/% INZRI /s
YOLOvS-n 84.0 81.4 90.7 63.5 347.88
CBAM 86.9 87.4 92.6 62.9 368.90
Shuffle Attention 88.1 89.3 95.1 67.5 353.48
XloU 88.3 86.8 93.0 64.7 351.34
CBAM + XIoU 87.0 86.1 92.9 65.1 382.12
SA + XIoU 88.0 87.7 93.8 67.2 363.02
CFNet 86.0 90.4 95.1 69.9 377.36
biformer 81.1 80.4 88.0 55.1 609.96
A% MDIEA-YOLO 89.1 90.5 96.1 68.3 378.32

Fo EHHERILE (3 FEHK)

Tab. 6 Comparison of training results (3-year-old seedlings)

| Pl% RI% mAP0.5/% mAP[0.05, 0.95]/% IIZRmS Ko /s
YOLOVS8-n 87.0 87.6 92.6 62.3 373.95
CBAM 86.8 90.3 95.0 68.6 414.81
Shuffle Attention 88.4 89.7 95.4 7.7 394.92
XloU 88.0 86.4 93.2 64.6 378.02
CBAM + XIoU 85.9 88.0 93.1 64.2 414.43
SA + XIoU 89.2 86.8 95.0 69.7 390.11
CFNet 89.2 88.3 953 69.2 405.98
biformer 81.8 79.2 86.6 55.4 670.07
A MDIEA-YOLO 89.1 91.4 95.8 71.8 412.66

FIFI TR . £ mAPO.5 545 E, MDIEA-YOLO
BEA A B L UHEAR A YOLOvVS-n BUAE T 1.56% [IFIXT
PETF, UE S T HAE A S ToU BN R I 14 BE A 1
9% . 7 mAP[0.05,0.95] 1X — 85 I, K2 H bk A
R PEREHA BT T B, RUIEAL AN ToU BI{E I,
PR ) RS M — AN PR . 12 R T A

mAP[0.05,0.95] $Eh5 FAHAIE AR A SCHL 1 2.16%
(10K, B T AR 2 ToU BIAE 6 B P9 4E RF
= PERE T RE

git R SHE 6 v LLFE M, I A A 7L AL 3
14 A4 B AR $0 98 I 1 mAP[0.05,0.95] 1% T 4b B
2 MR 3 AR TR BUR I R I, X R, 1A
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AL (69.9%) . IX 1] § 42 HH T CFNet 7 A [A] 22 -t
ToU [ {H "~ R AE SR HURE 77 50 0 1, REfg se e
FEAN K045 AR . X — RPN MDIEA-YOLO
LR AE S bR S FH AR AR B T B 5 )« d I A
4l H AR S HOR AR RN, IE R AL ToU {1, AT
T80 R AR B K g, AT DR ¥ AS TR ) 1) 7
B PR AT S

MDIEA-YOLO #ERIfE | 454, 2 AR 3 4
B AREE A BSR4 3 395.47. 378.32 FH
412.66 so JEAEYIZRIT[A]_E AL T rh 557K P, (AR
TRTE ] 2 52 () I T 0 R Py S B0 T S A R R K 5 Fe
b, A RCP8T 7 RSB TS U1 ZRB TR] 45
3.2 MDIEA-YOLO #ZIH) R 81 &

N T IR NG MDIEA-YOLO #58Y f) 14 fig v
PESZ AR T, AR FUAEA [FDCRE SR A A 3 T
Xof HHEAT T SE, IR AR 7 FioR . B AE LB R
BN RIEBONH &, H mAP0.5 [HIAH] T 95.5%,
RS T 2N 89.4%, H 01 %K 89.3%. 1E4 LI 5L
T, T AREA 2 FEEGANT Rk, BAYEREH BT
T %, mAPO.5 15 N 94.3%, K& 1% N 88.3%,  [4]
HN 88.6%. MAEH /BT, HT 641
AN, H AR R AE S B M H 5 52 T3, BB g i
7, mAP0.5 1R 92.9%, ¥ %A 86.5%, H A% N
87.1%

TEAYPEER T, B4 HEER (1280 x 1 280 1% %)

N M REASCLE , RG A 2R RN B 2R B0k 3 90% LA
I, mAPO.5 IEEI T 96.2%, 15 H T34 B 50K, 1%k
I A 4K (630.77 )0 IRAr HE3E(320 x 320 B 5D T,
EEAR N SRR B R B, (ELDRI AT Ak, M RE R BRAH
SR . THr PR (640 x 640 15 ZOE TR E S
o> MR, mAPO.S XA 2 1 AN 4 0, Holllgk
I} ) 55 35 455 45 (468.54 ), o BT 1 R 5 AR
AT o 1K SR RN TE N ZRid FErp, BB 2 B 7 5 —
N 640 x 640 B3R 14 HEE G AT ISR, &or
HERE A — e R S SR 48 5 i T Bk, 18 %
WO R R I B AR b 5 o PR I

3.3 ENEKERERSEMIGKER

T RIS B 2R G TE B A B RN R R A
fabr BRI B m AR GE 8. 7T
WA NTRES KRG R, DIE 7al ®IAT
o N, N A A G A A XA, H
EPr X IBAAEEA, X— AN RARRE 7a2
H) A DR 1 25 S RT DA B EIE .

N ke (1 J5 R = B W 5 T : 1 AR AR AR BT
HAEKFHERIUN/N H bR, £ EBUE TR S5 =,
M LAWY R s 2 AR AR A 3 AR TR AE AR K AR A AT
Rl LS, B O IRIANAZ—EREA.

MLES R A0 1T B A7 AR I A 1% O, 9 e — 26 5
e BB IR, R RE 22— AR B TR
AN EUIAE, B0 A SR TR o IX 1] RS2 BT
I VA BB TS AN R, {5 45450 B 7 R S I 7= A=
A, B R A T [F] — BRA R S 43R A o 2 A ST
AME N T IR X RIS IS, TE A B B ) /N BE
AR BN BRI E G RAR, XA RIS B
B H AT R S R o s A 5, AT
PAE— B FERE LR/ 8 S R 36 DA R DR 2 B 4 4 ik
BT, A ALE BB H R REALE B 037 B AR A ST,
M B AR L5 P A 2R o Bk Ah, 75 1B IR S5
i, 9B LA AT, £ A FEAFER AR R E T A
7 (%) ToU fE o 1 T/NEARLE S b dg 5 b L AN 1T R
HE, | FAEHARN OUME KA 0.1, T 2 44
3 AW ARKGFIEEZ MR, loU E% N 0.7,

Wil H A ARF B, RERRIED T NN
72, AR WCER AL T 5 RS B I 00 S o X0
T BRI SR PR B B R AT RS
PR AR P R AR 2 A R
34 ERBREERSENIZITHER

# 9 SR A HE K & I, GPU B 0.22 s,
i CPU {XFERT 0.149 s. BT 85K AT 55 $o i &= At
SR FERUIG, CPU A8 AL iy (4 I B A3 6 A R AT
PREACEERE I B i R 36 o FE AR B 10 5K B I,



55

TS JETT5 AMLEEAL A1 MDIEA-YOLO T AR SRR [ 1 bR IS U2 S 2R 4 23

Fx71 REYESW
Tab. 7 Sensitivity analysis

%M Pl% RI% mAP0.5/% mAP[0.05, 0.951/% IR/
Ecl )7 88.3 88.6 94.3 71.6 482,51
A BASY 86.5 87.1 92.9 65.8 487.25
THIs 89.4 89.3 95.5 72.1 501.41
RS R (320 x 3201520 86.6 86.0 93.6 70.8 378.37
HMRFR (640 x 640155 89.4 88.1 95.2 73.3 468.54
T HER (1280 x 1 280153 90.2 90.2 96.2 73.8 630.77

®8 RHEWWEATRKSERXL

Tab. 8 Comparison of system acceptance and manual acceptance results

) AR K= R A% E -
A AR B AR /m? RZE %
AT 5k Rk AN L5 REHI
144 1695.24 537 560 211 220 426
26 1695.24 596 602 234 236 0.85
34EAE 1.864.76 634 646 227 230 2.64

A

) L

als bls el dl s T ANTARRMER, A EBTHARR T AT E; a2, b2, 2. d2 JoR T ARG K ZR, L OHERRTE T R HRIL

DX SREMERRIR 7 AN T BusiN I i A

K7 RGBS A TR Rt

Fig. 7 Visual comparison of system acceptance and manual acceptance

£9 AEWH (BHX GPU) AEFEEITLL

Tab. 9 Comparison of processing speeds of different machines (with or without GPU)

ALEER 8] /s
BEAZO T i
kK 105k B A 1005k & F
GPU NVIDIA RTK 3070 GPU 0.220 0.583 2.523
CPU i7-12700H 0.149 0.766 6.695

GPU R FER 4 0.583 s, 1 CPU & ¥E S 4 0.766 s.
LEES, GPU [ P T CPU, {HBE A ZFE A
Ko #HE—, FELLTE 100 7K K A, GPU BEERN A

2.523 s, PRI A2 0.025 s; 1 CPU &SLEEI Ny
6.695 s, I EF K B 29 0.067 s« GPU HIE4T 224
fE [ s A P K B B HdE, CPU AL BE K AR SIL BB
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