
FP-SLIC: A Fully-Pipelined FPGA Implementation of Superpixel Image
Segmentation
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Abstract—A superpixel segment is a group of pixels that
carry similar information. The Simple Linear Iterative Clustering
(SLIC) is a well-known algorithm for generating superpixels
that offers a good balance between accuracy and efficiency.
Nevertheless, due to its high computational requirements, the
algorithm does not meet the demands of real-time embedded
applications in terms of speed and resources. This paper proposes
a fully-pipelined FPGA architecture based on SLIC, dubbed
FP-SLIC, that exhibits 1) a simplified and efficient algorithm
of reduced computational complexity that facilitates algorithm
development for FPGAs, 2) a fully pipelined FPGA design
operating at 40MHz with a throughput of one pixel per cycle, and
3) a memory-efficient architecture that eliminates the require-
ment for external memory. FP-SLIC shows promising BSDS500
benchmark results, especially considering boundary recall for
less than 1000 superpixels, where it performs better than related
works, while, at the same time, accomplishing a throughput of
259 frames per second (fps).
Index Terms—FPGA, Superpixel, Segmentation, SLIC, Image

Processing.

I. INTRODUCTION

The term superpixel refers to a group of neighboring pixels
with similar information [1]. Superpixel segmentation divides
an image into smaller segments (Fig. 1), which can be used
in pre-processing to reduce the number of processing points.
Reducing the number of processing points is desirable in many
applications, especially with large datasets. The superpixel
approach has been adopted in several applications, such as
increasing the speed of stereo vision [2] or decreasing the
execution time of classification [3]. Among the existing meth-
ods for generating superpixels, SLIC [4] is one of the most
promising approaches, offering a good balance between accu-
racy and efficiency. However, achieving real-time performance
(30 fps) as image resolution increases, with CPU frequencies
hitting the ceiling, is challenging. Field Programmable Gate
Arrays (FPGA) are commonly used in real-time image pro-
cessing applications due to their parallel properties, and in this
paper a Fully Pipelined SLIC approach (FP-SLIC) to optimize
superpixel segmentation on an FPGA is presented. This paper
includes the following contributions:
• A simplified and efficient SLIC algorithm to reduce
computational complexity and facilitate the development
of algorithm for FPGAs.

• A fully pipelined FPGA design operating at 40MHz with
a one pixel per cycle throughput, making it one of the
fastest approaches available.

Fig. 1: FP-SLIC (1600 SPs, BSDS500:70011)

• A memory-efficient architecture that eliminates the need
for external memory.

The remainder of the paper is arranged as follows: Section II
provides a brief overview of related work, followed by a more
detailed description of superpixel segmentation in Section III.
After that, the proposed algorithm for real-time superpixel
segmentation on an FPGA is discussed in section IV. Then
the experimental setup with results are presented in Section V
and Section VI, respectively. Finally, the results are discussed
in Section VII followed by conclusions and future work in
Section VIII.

II. RELATED WORK

There are various algorithms for generating superpixels.
Stutz et al. [5] discuss and compare the wide variety of
superpixel segmentation algorithms. The Simple Linear Iter-
ative Clustering (SLIC), proposed by Achanta et al. [4] is
based on K-means clustering of the five-dimensional CIELAB
color and image XY-plane space [6]. The Simple Non-Iterative
Clustering (SNIC) is an improved version of SLIC proposed by
Achanta et al. [7]. Contrary to SLIC, SNIC is non-iterative and
requires less memory. However, SNIC relies on connectivity
right from the beginning, and pixels are visited randomly, so it
needs a complex priority queue data structure. The Superpixels
Extracted via Energy-Driven Sampling (SEEDS) proposed by
Van den Bergh et al. [8] is another method for generating su-
perpixels. It is based on a simple hill-climbing optimization in
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