(fifk 1)

SRR it (FHF) K4 | % 3 (CAI SUDONG)

Learning Discriminative Neural Representations for Visual
@ SC/EHE | Recognition
(HG %D 72D OFINMED @V = 2 — T LRI DFH)

(i LB D EHEF)

This thesis focuses on the derivation of novel activation functions for learning effective
neural representations mainly for visual recognition tasks. The thesis re-interprets neural
activation as feature selection and, through the investigation of adaptive neural feature
selection at different levels (i.e., feature descriptors and units), proposes novel activation
functions for visual recognition.

The thesis motivates the re-interpretation by examining the task of RGB-image road-
scene material segmentation (RMS). The same road scene image can simultaneously have
different regions of object categories and material categories, which signifies the importance
of effective feature selection tailored to the task. In contrast to the original interpretation of
activation functions as biological activation potential in the primate’s neural network, this
thesis proposes to interpret them as part of Multi Criteria Decision Making (MCDM), that is,
as selective feature re-calibrators that suppress and emphasize features according to their
importance measured by feature-filter similarities. Based on this new interpretation, novel
activation models are derived.

The thesis presents the derivation of the new activation functions, the construction of
frameworks for evaluating their effectiveness, the results of experimental comparisons with
related methods, and discussion on future directions of research. The thesis is structured into 6
chapters.

In Chapter 1, the thesis discusses the importance of effective feature selection in neural
representation learning for visual recognition. Through qualitative discussion on the task of
RGB RMS, the thesis argues for the need of effective encoding and fusion of multi-scale
texture cues and image context. For this, a novel self-attention mechanism with linear
complexity is derived from regular spatial self-attention. The chapter also introduces the
MCDM interpretation and outlines the derivation of novel activation functions based on this
interpretation. Finally, the contributions of this research are clarified.

In Chapter 2, background knowledge and techniques that form the basis for the proposed
models are introduced. This includes basic self-attention and self-gating mechanisms for image
inputs and fundamentals of MCDM methods including TOPSIS, Fuzzy Comprehensive
Evaluation, and Grey Relational Analysis.

In Chapter 3, a novel self-attention-based framework that effectively fuses texture and
context cues of road scene materials is introduced for RGB RMS. The framework, RMSNet,
encodes multi-scale multi-level features with hierarchical Transformer layers and leverages
“SAMixer” for efficient context-aware multi-scale feature fusion. SAMixer, is built on two
new modules: Efficient Balanced Multi-head Self-Attention (E-B-MSA) which extends spatial
multi-head self-attention to N-to-1 feature fusion with linear complexity, and Bottleneck Local
Statistics Encoding-Decoding (BLSED) to incorporate local details while accelerating E-B-
MSA computation. Extensive experimental evaluations and ablation studies are shown to
validate the effectiveness and generalizability of the proposed model.

In Chapter 4, an MCDM interpretation of neural activation functions is introduced. The
thesis argues that this interpretation makes clear that a network can have an inherent problem
in the feature selection, referred to as Mismatch Feature Scoring (MFS) due to the fact that
large feature and filter norms can significantly bias inner-product-based similarity evaluation.




Based on this argument, the chapter introduces the Instantaneous Importance Estimation Units
(ITEU) based on adaptive norm-decoupled feature-filter similarities. Experimental results
demonstrate the improvements of IIEUs over past activation models.

In Chapter 5, the thesis introduces “AdaShift,” an adaptive shift factor in the activation
function, which dynamically translates the activation inputs by jointly leveraging informative
local and non-local cues of different ranges. It enables fine-grained adjustments of the
nonlinearities for soft feature selection. Experimental results demonstrate the effectiveness of
AdaShift over other activation models.

In Chapter 6, a summary of the objectives and proposed methods of this thesis is
provided, along with a discussion on future directions and applications.
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