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Abstract

Visual object tracking (VOT) for unmanned aerial vehicles (UAVs) must simultaneously guarantee tracking accuracy and
robustness under constrained computational resources. Correlation filter (CF)-based trackers achieve low computational complexity
via Fourier-domain operations but are prone to model drift under abrupt appearance changes. Deep-learning-based trackers offer
strong semantic discrimination at the cost of high computational overhead. To address these complementary limitations, this paper
proposes two trackers built upon the BiCF baseline. The Bidirectional Adaptive Weight Correlation Filter (BAWCEF) introduces a
dynamic second-order temporal weight regularization term modulated by the bidirectional incongruity error, enabling filter inertia to
adapt to instantaneous tracking reliability. BAWCF uses only hand-crafted features and serves as a CPU-friendly baseline for
resource-constrained environments. The BAWCF_CN extends this framework by fusing pre-trained CNN semantic features with
Non-Local Means(NLM)-denoised hand-crafted features, targeting accuracy-oriented applications with sufficient computational
resources. The resulting non-convex objective is decoupled into four closed-form subproblems via the Alternating Direction Method
of Multipliers (ADMM). Experiments on the UAV123@10fps and DTB70 benchmarks demonstrate consistent improvements over
BICF in both precision and success-rate metrics across challenging attributes.

Keyword : Visual Object Tracking (VOT), Discriminative Correlation Filter (DCF), ADMM Optimization, Dynamic
Second-order Weight Regularization, CNN Feature Fusion
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Fig. 1. Overall Flowchart of the Proposed Tracker
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Table 1. Definitions of the main symbols used in the proposed method
Symbol Meaning Symbol Meaning
f Correlation filter IS Lagrange multiplier for the constraint f = g
w Spatial regularization weight u Lagrange multiplier for the constraint w = g
g Aucxiliary variable of f U Penalty parameter
q Aucxiliary variable of w n EMA learning rate
a Dynamic inertia coefficient(<[0.8,1.0]) € Bidirectional inconsistency error
T Sigmoid threshold for a k Sigmoid slope for a
A, Weight coefficient of the spatial regularization term A, Weight coefficient of the bidirectional inconsistency term
A, Weight coefficient of the cllyna.mlc second-order temporal o Penalty parameter for the constraint w = q
regularization term
B Penalty increase rate (> 1) 1L_max Upper bound of the penalty parameter
D Number of feature channels © Element-wise (Hadamard) product
X Feature map y Desired Gaussian response
* Correlation operation VN-F Normalized discrete Fourier transform (DFT)
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F 2. DTB70 CIOJE{AIS] 117HX] Sdof CHEt MEE 3 HIE
Table 2. Precision and Success Rates on the DTB70 Dataset across 11 Attributes

Trackers ARV BC DEF FCM IPR MB occC OPR ov SOA sv
STRCF 0.473/0.330 | 0.621/0.355 | 0.536/0.413 | 0.716/0.548 | 0.581/0.411 | 0.694/0.506 | 0.617/0.436 | 0.291/0.188 | 0.670/0.399 | 0.677/0.528 | 0.550/0.467
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BAWCF_CN | 0.588/0.391 | 0.624/0.475 | 0.695/0.522 | 0.747/0.634 | 0.649/0.518 | 0.738/0.619 | 0.605/0.504 | 0.421/0.247 | 0.603/0.409 | 0.746/0.621 | 0.623/0.542
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