B ISCAS 9IEEE &

— !Ill onk Daegu, KOREA MAY 22-28 Advancing Technology

TITATCTYETELMMM  1EEE ncernationsl Symposium on Circuits and Sys tems for Humani ity C A 5

FPGA acceleration of the Horn and Schunck Hierarchical Algorithm

llias Bournias, Roselyne Chotin and Lionel Lacassagne

Sorbonne Université, CNRS, LIP6

2021 IEEE International Symposium on Circuits and Systems
May 22-28, 2021 Virtual & Hybrid Conference

S conma Hp



Outline

Introduction

Proposed Architecture

Design Space Exploration
Results of the Implementation
Conclusion and Future Work



Introduction

e Optical Flow

— Object detection

— Motions compensation

— Autonomus driving

e Common optical Flow algorithms used

— Mono-scale or multi-scale Lukas-Kanade in CPUs ,GPUs,FPGA
— Mono-scale Horn and Schunck for CPUs ,GPUs , FPGAs

— Multi-scale Horn and Schunck only for CPUs, GPUs

e This work

— Multi-scale Horn and Schunck algorithm the first for FPGAs



Introduction

e Mono-scale Horn and Schunck
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Multi-scale Horn and Schunck extension
From (u, v)#, of level 4 + 1

(U, ¥) }inar= 2 x upscale(u, v)},; for level A
H&S iteration provide (éu, 6v) .
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Introduction

e Contributions
— 3-level pyramid with a x2-factor (20,10,5)
e motion estimation in the range of (u,v) < |7].
* image size 1024x1024 pixels
— Parallelism degree
« number of the H&S cores,
« floating point format
e warp interpolation
o bi-cubic
o bi-linear
o Goal
— Not address accuracy
— Computation speed
— Size of the design
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Proposed architecture
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Proposed architecture

e \Warping core
— Bi-linear 2x2 neighborhood
— Bi-cubic 4x4 neighborhood
— Interpolate one or more pixels per clock
« sStreaming window
e Sum, Up-scaling core
— Sum the velocities of previous level with those of the current level.
— Up-scale for next level
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Proposed architecture

e Pyramid Creation

— 5x5 Gaussian kernel (down-sampling)

e Pipeline and Parallelism

— Up-scaling, warping , H&S and sum can be pipelined
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Design space exploration

e Depending on the number of iterations, different Horn and Schunck modes

e With respectively 20, 10, 5 iterations for level, ,level,, level, and 10 available cores
— level, partial pipeline mode

— level; fully pipeline mode

— level, fully pipeline parallel
e Computation Time
Height x weight * (10 +—+l—2 1

_T= 16 lt -
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e Logic Block

- N=H*NHS+[-£}*(Nwarp)+N1
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Design space exploration

e On chip memory

- M=MI*Mpys+My4p,+M; +M,

My =M gm+ M ypscating T M aownsampiing

_ M, =width 2 * Height;weight

e External memory bandwidth

— Maximum bandwidth defined by level, and level,
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Results of implementation

e Implementation on FPGA Altera Stratix V with FloPoCo library
e Mono-scale & Mono-core results for F 5, and F ¢

- -

Bi-linear 18.2k 605.6k Bi-linear 13.2k 292.2k
Interp. Interp.
Bi-cubic 449k 105.8k 624.2k Bi-cubic 17.9k 51.3k 326.8k
Interp. Interp.
H&S 9.6k 19.7k 270.4k H&S 4.6k 13.7k 150.3k
Sum 4.3k 11.7k 16.7M Sum 1.8k 5.7k 9.4M
Up-scal. 2.8k 9.7k 135.6k Up-Scal. 1.7k 2k 67.1k
Down-sampl. 24.3k 68.6k 190.4k Down-Sampl. 13.3k 23.1k 94.3k
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Results of implementation

e Design Space exploration results

Implem. F Multi Multi Multi Multi
Va Vs Uy Uy
lterations 20 20,10,5 20,10,5 20,10,5 20,10,5 20,10,5 20,10,5
Cores () 20 1 5 10 20 10 20
Mode F 120,115  p* p?,F P F F, F F,F, P?F ,F, F ,[F, F,
Interp. - Bi-cub Bi-cub Bi-cub Bi-cub Bi-lin Bi-lin
L. U. 93.5k 53.5k 67k 109.2k 192.2k 82.4k 148.5k
Registers 250k 150.7K 189.7k 293.6k 5294 208k 382.2k
Memory 3.1M 10.2M 13.2M 11.6M 13.5M 11.6M 13.3M
frequency 339 276 293 281 270 286 274
fps 310 294 149 275 477 277 484
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Results of implementation

e Comparison with other works
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Results of implementation

2 clock frequencies

Fastest except [Ishii]

Fastest than previous mono-scale H&S designs
Achieves at least x3.9 throughput

With lower frequency
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Conclusion and Future Work

Parametrable hierarchical implementation of gradient based H&S
Smallest design with 30.8 Mpixel/s and 23% usage of the Logic Blocks
Fastest at 507 Mpixel/sec and 63% of logic utilization

Multi-scale with range of 7 calculated velocities

e Future Work
— deal with accuracy
— exploring fixed point format
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