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Abstract Deep neural network (DNN) is a powerful tool for solving image processing and computer vision tasks such 

as image and video reconstructions, object recognition, and scene understanding, etc. However, DNN have been used 

for only digital domain in the imaging pipeline, such as the feature extractor and classifier models after an image is 

captured and digitized. In this research, we propose a new framework called “deep sensing.” The proposed framework 

also models the analog layer to the neural network model and jointly optimizes the parameters in optics and sensor 

designs of a camera, as well as reconstruction and classification models by the same training strategy. 
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Figure 1:  Conceptual figure of Deep sensing 

 

1. Overview 

  Deep neural network (DNN) is a powerful tool for 

solving image processing and computer vision tasks such 

as image and video reconstructions, object recognition, 

and scene understanding, etc. It realizes to drastically 

improve the quality of reconstruction and the accuracy of 

recognition to the classical methods since feature 

extractor and classifier models are designed by training 

based on the target data. However, DNN have been used 

for only the digital domain in the imaging pipeline, such 

as the feature extractor and classifier models after an 

image is captured and digitized, as shown in the blue part 

of figure 1. On the other hand, optics and sensors in the 

analog layer still have been designed by hand based on 

theoretical or empirical analysis. It is not always grantee 

that the designs and hardware setting parameters are 

optimal to the applications and target tasks. In this 

research, we propose a new framework called “deep 

sensing,” as shown in figure 1. The proposed framework 

also models the analog layer to the neural network model 

and jointly optimizes the parameters in optics and sensor 

designs of a camera as well as reconstruction and 

classification models by the same training strategy. In this 

talk, I introduce the concept of deep sensing and show our 

work; compressive light field sensing [1,4,5,8], 

compressive video sensing [2], compressive ToF [9], 

action recognition [3], and privacy-preserving imaging. 

The details are in the corresponding papers.  
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