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Study on Precise Identification of Mine Surface Features Based on the Dual-Branch DB-TransUNet Model
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Abstract: To address the issue of insufficient surface feature recognition accuracy in traditional segmentation models caused by
complex vegetation cover and blurred surface feature boundaries in mining remote sensing images, a dual-branch DB-
TransUNet model was proposed. This model innovatively constructed a dual-branch encoding architecture and integrated
features from both branches using an adaptive weighted fusion (AWF) module. By combining this with a channel adaptive
enhancement (CA) module to optimize feature weight allocation during the decoding process, it achieved focused detection of
features in key regions and effective suppression of background noise. The experimental results show that incorporating the
AWF and CA modules improved the mIoU of the model by 4.16% and 78.63% . respectively. The full DB-TransUNet model
achieves excellent segmentation results of mIoU=0.903 7 and mDice =0.948 8 in complex remote sensing scenarios. Compared
to mainstream network segmentation architectures, the DB-TransUNet model demonstrates superior performance across all
indicators, achieving higher accuracy and stronger generalization capabilities in the recognition and detailed segmentation of
complex surface features in mining environments. The findings validates the effectiveness of a strategy combining

complementary multi-source features with weighted fusion in mitigating vegetation-induced interference in the identification of
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mine surface features, thereby providing a reliable technical solution for high-precision intelligent monitoring in open-pit mining areas.

Key words: Mining remote sensing image, Surface feature recognition, Feature fusion, Dual-branch network, Vegetation interference
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Fig.3 Visualization results of the comparative experiments

M 2 WPl &5 R 0] LLF L W4y 3 DB-
TransUNet BAVTE 25 W48 Ax b 35 18 35 00 T HoAth 3=
T AR HART L W4 3 DB-TransUNet 45 %1
B mIoU {HIK 0.903 7, 41 kb F U-Net, SegFormer.
DeepLabV3 + F1 TransUNet & B 43 51 $& F+ T
6.870.8.79%0.16.29%,40.61%,

Fz2 MERBER

Table 2 Results of the comparative experiments

ik mloU R P mDice F1 %L
U-Net 0.846 2 0.896 0 0.936 8 0.9291 0.915 8
SegFormer 0.830 7 0.9130 0.8987 0.9321 0.906 8
DeeplabV3+ 0.777 1 0.863 2 0.8823 0.8994 0.8735
TransUNet 0.642 7 0.7314 0.8213 0.7753 0.773 5
DB-TransUNet 0.903 7 0.956 2 0.941 6 0.9488 0.938 3

XF Lk e 45 R F W], X453 32 DB-TransUNet 7£
0 LU b ) 43 RS B O T B 3 R R A% T T
MR X 34 DX v g5 0 52 2% O AT 22 R Y b A 2
S WA, mDice 5 A i i BN 45 R 5 B AR T Z
() A ABLRE 1) B 2245 AR, X433 DB-TransUNet [d] #
TS GRF] T 0.948 8. 03w T B A A H B A,
HE— LB UE T T4 A A AL BT L B AR T 2 2R
B A 2 H ) B4 RS Al 43 BT 55 sk, L& T AR 1Y 72 1L AR
1 53R T BA RAFI N T .

4 ZHERZE
4.1 &g
B X 1 38 AR P DR BT S S0 ) )

BT B B T R it T — o ke 0 1) L3 S Loy



Wed, F R F A % DB-TransUNet B8 64 57 L s 45 R A R[] 4 LR 5 4 ,2026,46(4). 221

HIFEA DB-TransUNet, %8RBT P o 4y 1 T XL
O3 3w AL L I A IS ARG (AWE)
G Ry SRR 51 A 385 0 3 58 (CAD BRI AL fi
i AR AR AE AR 20 I, AR B AR RS,

(1) AWF 5 CA BEH o35l 52 8L 1 Rk 3 25 R
&5 E R R A5 R R YL 5 A AWF
5 CA B8, mIoU 3 H N 4.16 046 H1 78.6306. 58
# DB-TransUNet % I 75 & 4% 1& & ¥ 5 1 |15
mloU=0.903 7.mDice =0.948 8 W1l 5 47 | %%
FGBGUE T 2 PR E Rl G 5 08 1 SR PIL R Y 52 H
(AN

(2) X bE 30 M 2% 43 #1424, DB-TransUNet £
RS TR AR SO 57 2207 11 52 2 b 0y 1) 100 5 05 40 o3
H bR R S 2 A RE R, B S N T T
42 REZE

A5 Tl 4 04 T vk S e o BE R B AR 1
LR A W 0 2 (A T e N R R HOR SCE L BA EEY
AR A . R R Bl SR AL 25 4 it — 2D A1k
Bt SR FUBLY i o3 R BE SR T 5 4 B SO Bt i A
] FETFWT 5 o LR 2L 52 THAC B 1932 AL BE ) 5 5 I PE
T FE A L 50 285 M0 v R AR g AR B R 5K
2 % LK (References) :

[1] EROF 25 7 0 785 45 8% R M0 ™ 1Ll BT 20 5% 1] 7 4 B
SIS B X ER S WA AT S L) ] P T, 2024, 33
(8):85-91.

XIE Wuping, HE Yijun, ZENG Wei, et al. Research on the

extraction of geological environmental factors and

comprehensive evaluation of environmental restoration and
management zoning in open-pit coal mines[J]. China Mining

Magazine,2024,33(8) :85-91.

(2] SRIGFEVEGK IR PE AT, 5. b H W U5 3 BN I F R F R[] ).
i R, 2016,20(5) 1243-1258.

ZHANG Zengxiang, WANG Xiao, WEN Qingke, et al.

Research progress of remote sensing application in land

resources[ ] ]. National Remote Sensing Bulletin, 2016, 20

(5):1243-1258.

[3] kB, BT AU, 45 58k R b B T 58 W 3 M 4
2 ARG D [T, 35 AR 2% 22 4t (T2 22 D, 2007, 37 (3)
625-629.

ZHANG Guomin, YIN Jianping, ZHU En, et al. Hierarchical

object detection in remote sensing image based on vision saliency

[J]. Journal of Jilin University (Engineering and Technology

Edition) ,2007,37(3) :625-629.

[4] MAXWELL A E, WARNER T A, STRAGER M P, et al.
Assessing machine-learning algorithms and image- and lidar-
derived variables for GEOBIA classification of mining and
mine reclamation [ ] ]. International Journal of Remote

Sensing,2014,35(9) :3332-3355.

(5]

(6]

(7]

(8]

9]

L1o]

[11]

[12]

[13]

[14]

[15]

[16]

PR TR  BRAE A, T B S T R Y e R 7 1k 43 J2 R R
A7 b 2 AL DL AL iR o ) [ . 1 R B R R 2004
(3):49-53.

CHEN Huali,

CHEN Zhihua, DING Guoping. The

application of the knowledge-based decision tree
classification method to the extraction of land types in
mining areas: a case study of Daye area, Hubei Province[ ]].
Remote Sensing for Land & Resources,2004(3) :49-53.
R TR, AT 2 AR T XA IR 2 RUEE 4» 3 s
DX AL R 0 T BA (1] 15 2020,41(2) £ 32-40.
KANG Junfeng, ZHOU Lin, ZHAO Dejun, et al. High
resolution remote sensing image object recognition method
based on histogram feature knowledge base[ ]J]. Chinese
Rare Earths,2020,41(2) :32-40.

PENG Yan, ZHANG Zhaoming, HE Guojin, et al. An
improved grab cut method based on a visual attention model
for rare-earth ore mining area recognition with high-
resolution remote sensing images [ J ]. Remote Sensing,
2019,11(8):987.
ZHAO Qiuquan, LI Jianyuan. SPS-UNet: a super-pixel
sampling UNet for extracting buildings from high-resolution
satellite images[ J]. The Visual Computer,2025,41(8) ;1-14.
YAO Xudong, GUO Qing, LI An. Light-weight cloud
detection network for optical remote sensing images with
attention-based DeeplabV3 +
Sensing,2021,13(18) :3617.

WANG Jiawen, LI Dewei, LONG Qihang, et al. Real-

architecture [ J ]. Remote

timesemantic segmentation for underground mine tunnell J].
Engineering Applications of Artificial Intelligence,2024,133
(Part C):108269.

SAPUTRA M R U, BHASWARA 1D, NASUTION B1, et al.
Multi-modal deep learning approaches to semantic segmentation
of mining footprints with multispectral satelliteimagery [ J J.
Remote Sensing of Environment,2025,318:114584.

LIU Yang, ZHANG Zelin, LIU Xiang, et al. Deep learning
based mineral image classification combined with visual attention
mechanism[ ] ]. IEEE Access,2021(9):98091-98109.

CHEN Mian, YANG Bin, WANG Feng., et al. Identification of
open-pit mines and surrounding vegetation on high-resolution
satellite images based on improved bilateral segmentation
network semantic segmentation model [ J ]. Journal of Applied
Remote Sensing,2023,17(4) :044518.

ALEISSAEE A A, KUMAR A, ANWER R M, et al
Transformers in remote sensing: a survey [ ] ]. Remote
Sensing,2023,15(7) :1860.

WANG Hongmiao, XING Cheng, YIN Junjun, et al. Land
cover classification for polarimetric SAR images based on
vision transformer[ J]. Remote Sensing,2022,14(18) :4656.
CHEN Jieneng, MEI Jieru, LI Xianhang, et al. TransUNet :
rethinking the U-Net architecture design for medical image
segmentation through the lens of transformers[ ]J]. Medical

Image Analysis,2024(97) :103280.



