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Refined Feature Knowledge Distillation Based on Spatial-channel Collaborative Attention

YE Chao-Yue, ZHONG Liang-Qi, YAN Sheng-Ye
(School of Automation, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: Knowledge distillation enhances student model performance by transferring knowledge from the teacher model.
However, for lightweight student models, it is challenging to fully absorb the implicit knowledge coqfltafned in the teacher
feature maps. To address this, this study proposes a spatial-channel attention reﬁnement based-collaborative distillation
(SCAR-KD) method, which extracts key discriminative information from the original feature maps to mitigate the
semantic discrepancy between the student and teacher. Specifically, we adopt a multi-scale spatial-channel attention
(SCSA) module to refine discriminative attention-enhanced.features ﬁom the teacher feature maps along both the channel
and spatial dimensions, while decoupling the spatial attention map to weight the original feature maps for dynamic
distillation. This approach achieves dual nknowledge transfer. Experimental results demonstrate that the mAP@0.5:0.95 of
YOLOvV8n-SCAR-KD model improved from 64.1% to 65.3% on the VOC dataset and from 20.7% to 21.6% on the
VisDrone dataset, outperforming current mainstream distillation methods and validating the effectiveness of the proposed
method.

Key words: knowledge distillation (KD); object detection; feature imitation; attention mechanism; semantic discrepancy
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R 1 AE VOC Hynfe EAS AR P REXT LE

N mAP@0.5 mAP@  Params FLOPs

TR
R~ (%)  0.5:0.95(%) (M) (G)
Sspi! 300 743 — 26.3 62.5
CenterNet™ 512 75.4 — 144 24.8
YOLOXT® 416 79.9 57.8 5.1 6.5
YOLOv5s 640 82.8 59.2 72l 72
YOLOv6n™ 640 848 6318 © 43 11.1
YOLOVZE™ 640 . 849 § 643 6.2 13.7
YOLOv8n™ 6404 84.1 64.1 3.0 8.1
YOLOv8n-
85.4 65.3 3.0 8.1
SCAR-KD (ours)
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.
PERESEHL % 3 R T 6T SCAR-KD % YOLOVSn
e VisDrone\ﬁﬁ;%mmm%%w H.

2 MEVOCHIR S FF— B 167
Y R A H (%)
T ik EEEY  mAP@O.S  mAP@O0.5:0.95
YOLOVS8n — 84.1 64.1
CWD feature 84.6 64.6
MGD" feature 84.8 64.8
LDM logit 84.7 64.7
BCKD™"! logit 85.2 65.0
LWFI™ feature 85.0 64.8
YOLOv8n-SCAR-KD feature 85.4 65.3

#* 3 1F VisDrone ZEE _FINRLE R (%)

J7 mAP@0.5 mAP@0.5:0.95
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* 4 BSEHTEH BT (%)

a VOC (mAP@0.5:0.95) VisDrone (mAP@0.5:0.95)
0.1 65.12 21.33
1.0 65.19 21.46
10.0 65.33 21.42
100.0 64.77 20.92

5 1E VOC Hin sk LS Ea Xt (%)

a mAP@0.5 mAP@0.5:0.95
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12.0 85.29 65.27

# 6 1E VisDrone i 4E FBESHa XL (%)
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Backbone Neck Head mAP@0.5:0.95
0.7 0.3 — 64.76
0.3 0.7 — 65.14
0.3 0.3 0.4 65.11
0.3 0.4 0.3 65.23
Softmax 65.33
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