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Abstract: Power tower detection in high-resolution satellite remote sensing imagery is hindered by sub-
stantial variations in tower scale, weak feature representations of small distribution towers, complex back-
ground interference, and limited bounding-box localization accuracy. To address these challenges, SA-DI-

NO, a scale-aware power tower detection method based on Grounding DINO, is proposed. First, a detail-
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preserving small-object feature branch is designed to enhance local edges, high-frequency textures, and
contextual information in high-resolution feature maps before they are passed to the Transformer encoder,
mitigating the degradation of small distribution tower features during deep feature propagation. Second, a
scale-aware, language-guided query selection module is introduced to adaptively allocate queries according
to the spatial resolution of feature maps at different scales. Small-object candidates in high-resolution fea-
ture maps are thus given greater access to the decoder, while global high-confidence queries are retained to
preserve detection performance for large transmission towers. Finally, a scale-aware small-object localiza-
tion loss 1s formulated using the normalized Wasserstein distance to quantify geometric discrepancies be-
tween predicted and ground-truth bounding boxes. The strength of localization supervision is adaptively ad-
justed according to object scale to improve the stability of small-object bounding-box regression. Experi-
ments on the SRSPTD dataset demonstrate that SA-DINO achieves an mAP50 of 80. 9% and an mAP50-
95 0f 42. 2%, exceeding the baseline by 3. 5% and 1. 7%, respectively, with only a 0. 94% increase in pa-
rameter count. These results demonstrate that scale-aware feature enhancement, query selection, and lo-
calization supervision can effectively improve power tower detection in complex remote sensing scenarios
with minimal additional model parameters.

Key words: satellite remote sensing; tower detection; Grounding DINO; scale awareness; small object
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Tab.2 Detection results of different models on SRSPTD dataset

A DT/ % TT/% mAP50/%  mAP50-95/%  Params/M  FLOPs/G
Faster-RCNN 57.6 71.8 64.7 29.2 28.3 473.2
YOLOVS8s 71.1 74.2 72.6 35.5 11.1 28.6
YOLOV9s 69.7 80.3 75.0 37.8 9.8 39.6
YOLOv1ls 67. 4 78.6 73.0 37.0 9.4 21.5
YOLOv12s 70.3 73.6 71.9 36.0 9.1 19.6
YOLOv13s 66. 8 82.3 74.5 37.7 9.0 21.0
Deformable-DETR 64.2 68.9 66.6 27.8 40.2 173.3
RT-DETR 58.2 70.8 64.5 19.9 32.8 108.0
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Fig. 5 Detection visualization results for other detection models and proposed method in this paper
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Tab.3 Ablation experiment results

DPSF  SA-LGQS  SA-LM DT/ % TT/% mAP50/ % Params/M  FLOPs/G FPS
X X X 76.0 78.7 77.4 233.0 428. 2 23.4
NG X X 77.2 80.1 78.7 235.2 450. 2 22.4
X N/ X 78.4 79.1 78.7 233.0 428.2 22.2
X X N 77.3 79.7 78.5 233.0 428. 2 23.4
NG N X 77. 4 82.1 79.7 235.2 450. 2 21.8
N X NG 78.1 80. 8 79.5 235. 2 450. 2 22.4
X N NG 78.9 79. 4 79.1 233.0 428.2 22.2
N N N/ 77.5 84.4 80.9 235. 2 450.2 21.8

R as R mT LB DT, TT M
mAPS0 435~ 76.0% ,78. 7% M 77.4% . EAjh
5] A DPSF, SA-LGQS #1 SA-LM J& , mAP50 43
W TE R 78.7%,78. 7% M1 78.5% , L B 3 Fh %
B B % o3 A DU R BE L HoHh SA-LGQS ¥ DT
PETF 2 78,450, % /N AU T H B ) e Ak I o

AN R A e ] A F — 2 (R B B, DPSF 5
SA-LGQS, DPSF 5 SA-LM U & SA-LGQS 5
SA-LM 4 & &, mAP50 4 % ik 3] 79.7%,
79.5% 1 79.1%, Hvh SA-LGQS 5 SA-LM 4
HAHUSHRE DT RS 78. 9% o 24 346 e [ i
gl AR, A5 R AR A B AR B R RE L DT, TT #
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Fig. 6 Visual comparison of heatmaps between baseline and SA-DINO
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