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A 95pJ/label Wide-Range Depth-Estimation Processor for Full-HD Light-Field

Applications on FPGA
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High-resolution and wide-range depth maps are the key to
enable novel light-field and computer vision applications,
such as digital refocusing, and view synthesis, or 3D
reconstruction, and augmented reality. In recent years with
the demand for high-quality image/video acquisition and
novel applications, mobile platforms have moved to a
dual-camera or even multi-camera system. Based on stereo
matching, a multi-camera system can estimate the depth
information from the captured scenes. Unforfunately, applying
fraditional stereo matching algorithms on multi-camera
systems requires complex computations, high DRAM accessing
bandwidth, and will result in high power consumption.

To explore the possibility of the depth estimation for
mulfi-camera systems, and efficiently deploy such complex
depth processor on mobile platforms, we present an
energy-efficient depth estimation algorithm with corresponding
hardware architecture fo meet this purpose. The design is
implemented on Xilinx ZC706 Soc Platform and achieve
ASIC-comparable energy efficiency-95pJ/label- for Full-HD
five-view light fields (multi-camera) at 30fps.

Design Features

Application:
Our design is compatible with various mulfi-camera systems,
including 2, 3, 5 cameras; and can provide proper depth
estimation result based on different application and platform
constrainfs.

Our design supports a wide depth search range, which makes
it suitable for high-resolution applications. Furthermore, the
proposed algorithm-hardware codesigned architecture reduces
the requirement fo power and DRAM access, allow deploying
such intricate design on mobile platforms.

Specification

- 30 fps Full HD depth estimation

- Support 128 pixels depth search range (6.6% Full HD size)
- 384 mW power consumption

Algorithm-Hardware Codesign

- Octave Depth Sampling:
We redesign the labels for depth estimation to enlarge
the depth search range and allow the light field images
to be stored and accessed in an image pyramid.

- Extend the search range to 128 pixels
- Reduce 53% DRAM accessing bandwidth
- Reduce 31% on-Chip Memory usage

- Image-Guide Inference
Integrate the depth estimation optimization and
post-processing. This technique allows us to estimate
depth on a low-resolution light field while preserving the
depth map quality.
- Reduce 75% computing resource

Implementation Result

We implement the design on Xilinx ZC706 platform. It occupies
167K LUTs, 67K Registers, and 329K bytes of BRAM.

Our design operates at 54 MHz and consumes 384mW.

It equivalently achieves 95pJ per depth label for Full-HD 30fps.
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Fig.2 The System Architecture of the Domo Platform
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