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ABSTRACT

In recent years, visual recognition models based on deep Convolutional Neural Networks
(CNN5s) and Vision Transformers have achieved remarkable progress. However, their practical
application is increasingly constrained by the tension between the rapid growth of model pa-
rameters and limited computational resources. This tension is manifested in three progressive
levels of neural network architecture, namely operators, modules, and structures. First, at the
operator level, the computational complexity of the self-attention mechanism grows quadrat-
ically with the input resolution, posing severe challenges to hardware when processing high-
resolution images. Second, at the module level, deep neural networks contain considerable
parameter redundancy, and existing compression schemes such as pruning and parameter shar-
ing struggle to simultaneously achieve practical hardware acceleration and sufficient parameter
utilization. Third, at the structure level, network architectures that heavily rely on manual de-
sign are inefficient and make it difficult to guarantee optimal solutions in a vast search space,
while existing neural architecture search methods show limited generalization when handling
complex topologies. To address these bottlenecks, this thesis focuses on visual recognition
tasks and investigates efficient neural network architectures from the three progressive levels
of operators, modules, and structures, thereby improving feature fusion capability, parameter
utilization efficiency, and automated structure search efficiency. The main contributions of
this thesis are summarized as follows:

At the operator level, to address the high complexity of global attention, this thesis pro-
poses an efficient operator design method based on global feature fusion. The proposed method
aims to combine the long-range modeling advantages of Vision Transformers with the infer-
ence efficiency of CNNs, and constructs a novel CNN architecture with high performance and
low latency. By using matrix decomposition, ultra-large convolution kernels are built to realize
a self-attention-like global receptive field with linear complexity under a pure convolutional

framework, thereby improving the ability of CNNs to model long-range dependencies. In ad-
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dition, a branch gating unit is introduced to strengthen nonlinear interactions across channels
and spatial dimensions, as well as dynamic feature selection, through a multiplicative gating
mechanism. Experimental results show that the proposed method achieves 84.6% accuracy on
ImageNet classification, outperforming contemporary CNNs and Vision Transformers. It also
effectively balances accuracy and inference speed in downstream tasks such as segmentation

and detection, providing a more effective solution for efficient operator design.

At the module level, to address the problem of high parameter redundancy, this thesis
proposes an efficient parameter compression method based on layer pruning and reuse. This
method is developed from two complementary perspectives: redundancy removal and param-
eter reuse. For redundancy removal, in view of the depth redundancy in neural networks, a
flattening-based Transformer layer pruning method is proposed, which merges adjacent mod-
ules with high similarity and then uses fine-grained channel pruning to accurately identify and
remove redundant parameters. For parameter reuse, to address the high memory footprint of
multimodal large models, a layer-recursive reuse method based on feature alignment is pro-
posed, in which a multimodal recursive connector is designed to align cross-modal features.
Experimental results show that the flattening method improves response speed and through-
put by factors of 1.26 and 1.27, respectively, while retaining 90% of zero-shot generalization
performance. Without increasing the total number of physical parameters, the layer-recursive
reuse method achieves an average accuracy of 62.6% through multiple rounds of iteration,

outperforming previous recursive model methods.

At the structure level, to address the problem that manual design cannot guarantee optimal
structures, this thesis proposes an efficient structure search method based on graph representa-
tion optimization. This method revisits the topology of neural network directed acyclic graphs
and points out that previous studies overlooked the value of sibling nodes in capturing par-
allel branch features. To this end, an adjacency-sibling multi-head attention mechanism is
designed to explicitly aggregate information from local neighbors and sibling nodes through
attention masks, thereby enhancing the model’s capability to represent complex topological
structures. Meanwhile, a bidirectional graph isomorphism feed-forward network is proposed
to improve the model’s ability to distinguish isomorphic directed graph topologies using bidi-
rectional graph convolutions, thus avoiding reliance on complex positional encodings. Ex-
periments on neural architecture search benchmarks show that the proposed neural predictor
outperforms existing mainstream methods by 5-10% in both accuracy ranking and underly-
ing hardware latency prediction tasks, providing a reliable and efficient automated proxy for

accurate evaluation and ranking of models in heterogeneous search spaces.
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ABSTRACT

To verify the effectiveness of the proposed methods in complex real-world scenarios, this
thesis further constructs an autonomous driving object detection system based on efficient
neural networks. Object detection in autonomous driving is characterized by highly dynamic
changes, a wide range of object scales, and millisecond-level latency requirements, which im-
pose stringent demands on the computational efficiency of visual neural networks. To this end,
the system deeply integrates the efficient operators, parameter compression and reuse modules,
and neural architecture search methods proposed in this thesis. Deployment and testing results
on in-vehicle edge computing hardware demonstrate that the proposed methods can effectively
improve the localization and detection accuracy of key objects in complex traffic scenarios
while maintaining extremely low memory consumption and inference latency.

In summary, this thesis conducts systematic research on visual recognition tasks from the
operator, module, and structure levels of deep neural networks, and successfully alleviates the
tension between the rapid growth of model parameters and limited computational resources.
This work not only advances the development of lightweight deep neural network theory at the
scientific level, but also provides technical support for the real-time deployment and application

of deep neural networks on edge devices.

KEY WORDS: Visual Recognition, Neural Network Architecture, Model Pruning, Parameter

Sharing, Neural Architecture Search
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