VLIW BASED RUNTIME RECONFIGURABLE
MACHINE VISION COPROCESSOR ARCHITECTURE

FOR EDGE COMPUTING

Dilshan Kumarathunga, Omega Gamage, Asitha Samarasinghe, Nipuna Saranga, Ranga Rodrigo, Ajith Pasqual

Department of Electronic and Telecommunication Engineering
University of Moratuwa
Sri Lanka

ASAP 2019, The 30t IEEE International Conference on
Application-specific Systems, Architectures and Processors

VLIW BASED RUNTIME RECONFIGURABLE MACHINE VISION COPROCESSOR ARCHITECTURE FOR

ASAP 2019

EDGE COMPUTING



Introduction

Edge/Leaf Node Backend System
E.g. Camera + Processor E.g. Cloud
)\
ﬁ g TITTTIN
S . 2 ,ﬁ'g | §
.7 o Extracted Features ‘
y Only relevant
|
A lot of redundant ." features are sent!
information Q

processing...

VLIW BASED RUNTIME RECONFIGURABLE MACHINE VISION COPROCESSOR ARCHITECTURE FOR ASAP 2019

EDGE COMPUTING



Motivation

Challenges for edge computing architecture

N\

* Support multiple vision algorithms at the same hardware platform

\

J

* Runtime reconfigurability

* Support high bandwidth video streams

* Extensibility

L < < <

* Limited resources (area and power)
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Approach

VLIW Mux Based Interconnection System
e Instruction level para||e|ism ] e Parallel data transactions among units
e One-to-many data transactions at the same time
* Less hardware cost ]
= - . e Low latency
* Simple hardware for instruction decoder « Scalability
FPGA
» Support for extensibility ]
e Can do hardware upgrade via network(upload new bitstream after adding more units) ]
e Power efficient than GPU based solution
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Overall Architecture

Programmable logic
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Internal Architecture

INSTRUCTION
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Software Interface & Programming

High Level Programming in SDK

Mapping into Lower Level Instructions

Programming the Vision Processor Internal
Instruction Memory

Use Instruction Decoding to Configure the Units

& Interconnections Inside the Vision Processor

Streaming Raw Data to the Vision Processor

Processing the Stream Video Data in Accelerators

Streaming Processed Data to Output

O vision_lib.cpp 2

int VP HOG(unsigned int* input image, int image width, int image height,

int kernel size, int* dx kernel, int* dy kernel, int number of bins, int* bin limits)
{

int x = VPwrite(input image);

int a = VPconvolution(1,x,kernel size,image width,image height,dx kernel,®);

int b = VPconvolution(2,x, kernel size,image width,image height, dy kernel,@);

int ¢ = VPalu(l,a,a,2,0);

int d = VPalu(2,b,b,2,0);

int e = VPalu(3,c,d,0,0);

int f = VPsquareRooti(e);

int g = VPatan(b,a);

int h = VPhistogram(g,f,1,number of bins,bin limits,®,®,image height*image width);
return h;
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Results

Chen[2] Ramirez- Reichenbach[7 | Proposed
Martinez[6] ]

Precision 8 bit 16 bit 32 bit 32 bit 16 bit 32 bit
Clock(MHz) 66.7 100 250 100 138.75 148.5

Max Res.(pixels) 640 X 480 1920 X 1080 640 X 480 640 X 480 1920 X 1080 1920 X 1080
Max fps 50 42 32 51 36.52 60

Runtime Fixed Fixed architect configurable Fixed architect configurable Runtime
configurability architecture ure ure reconfigurable

Extendability No No No No Yes Yes
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Results

e VVideo with moving object e Static background

e After background subtraction
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Results

e Video with moving objects

e detection
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e Vertical edge detection

e \Vertical and Horizontal edge detection
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Results

e Original video
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Results

640 x 480 (VGA) 50,610 8,513 5.95
720 x 480 64,918 10,730 6.05 ] o
(WVGA) E 5 s
1280 x 720 (HD) 118,106 19,274 6.13
1920 x 1080 (full 268,953 43,493 6.18 -

640x480(VGA)  720x480(WVGA)  1280x720(HD)  1920x1080(FHD)

H D) Resolution

e HoG feature extraction performance comparison with the software model
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Results

19,326 53,200 36.33%

LUTRAM 64 17,400 0.37%
FF 18,215 106,400 17.12%
Block RAM 37 140 26.43%
DSP 78 220 35.45%
BUFG 1 32 3.13%

e FPGA Resource Utilization In The ZedBoard
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Conclusions

v

v eSupport runtime reconfigurability
v e Architecture is flexible to customize J

eSupports Full HD, 60fps video streams:

\

e Architecture is extensible




THANK YOU!
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Extra Slides!
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Dataflow Control

Buffering System with IFs ~FULL
AN v

DATA WR_EN = (READY)& (VALID)

RD_EN = (~EMPTY)&

READY(~FULL) (PROG_FULL TO_OUT_FIFO)

Input

DATA _VALID = (~EMPTY)&
(~PROG_FULL OUT_FIFO)

Accelerator

. WR_EN = DATA_VALID
~FULL_FRM_ NX{; 4
RD _EN = (VALID)& (READY) ifrery PROG_FULL_TO_IN_FIFO
' TN
_EMPTT FIFO

DATA VAILD(~EMPTY)
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Ready Signal Generation

Input Selection of Unit m
Ready from Unit A " Output
Ready Signal
1T

Input Selection of Unit B

Ready from Unit B

Input Selection of Unim

Ready from Unit C

Suppose there are 3 units A,B,C.
aCb - unit B is configured to receive data from unit A

aR - ready signal from unit A
Ra - ready signal to unit A

Ra=(~aCa vVaR ) AN(~aCb VbBR) N (~aCc VcR)
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Introduction

Edge Processing

Emerging Field

More Application Areas

Trends in Vision Industry

floces [ e e o

The future of advanced-edge computing is actually in
autonomous cars

Companies like Intel, Nvidia and Qualcomm see connected cars as essentially “the" computing device of the next decade or so,

By Bob ODonnel | Mar 4 €0t

€ sware [ mons

TRENDING

Google's CEQ has no problem releasing
‘employees from nondisclosure
agreements so women can speak out
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Introduction

Edge Processing
o Surveillance ¢

o Autonomous driving e
> Robotics
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