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Abstract: Substantial progresses have been made in computer vision recently as a result of the latest
developments in deep learning. Despite these developments, computer vision still cannot match the
performance of human vision for many tasks. One factor contributing to this performance gap is the
data-driven nature of the machine learning methods. The data-driven approaches are purely bottom-
up, inefficient, and do not generalize well beyond their training data. Parallel to data, there often exists
significant prior knowledge. Such knowledge, if utilized properly, can not only improve visual
recognition performance but also reduce our dependence on data. Unfortunately, the existing data-
driven machine learning algorithms do not have an effective mechanism to capture and encode the
prior knowledge. To address this problem, we propose a framework to integrate prior knowledge with
image data so that visual recognition can be formulated as a joint top-down and bottom-up inference.
Placed on equal footing, top-down inference comprises prediction based on the prior knowledge, while
bottom-up inference includes estimation from the image data. Specifically, the proposed framework
consists of three thrusts: knowledge identification, knowledge representation, and knowledge
encoding. To demonstrate the proposed framework, we apply it to different computer vision tasks,
including facial action recognition, 3D reconstruction, 3D body pose estimation, and object recognition.
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