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Speed

“Real-time image processing for an aircraft head’s up display”

“Evaluate the algorithm in field testing to analyze system performance”

“Optimal performance @ Piezo resonance frequency”

“11 year device with a 1 A*hr battery”

“Be able to stop the robot with millimeter accuracy in less than 0.5
seconds without causing damage to the robot”

“Audio transducer prototypes must run in real time with low latencies”

“Motor control latency < 1us”

/ We need to get to market quickly, but we have no experience designing FPGAs! L;
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%% Prame pre-processing \

% Convert to intensity
frmGray = rgb2gray(frmIn);

\/
%
% Bilateral filter

frmBiFilt = imbilatfilt (frmGray, 'Neighborhood3Size', 9);

(Golden Reference) N

frmEdge = edge (frmBiFilt, "Scbel', .05);

MATLAB Simulink

\/ %% Trapezoidal mask - - HDL-ready

IP blocks

uint8 [1x3]

ﬁ:&ﬁ I @ﬁ‘j“?ﬂ [180x320x3] frame oy LPixelcontrol

ufix15_Eni1s

L,

sfin15

FPGA/ASIC SZ3j Core

interface

Fixed Point
Designer

ofixB_En3 HDL Coder
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u b - = Comment S i | @RunSedum
e s L CoNROEE T gl coto = % & 2 Breakpoints  Run  Runand |<i Advance  Runand
- - - @Pmt - | Find = Indent e - - Advance Time
FILE | navigaTE | EDIT | | BREAKFOINTS | RUN =
< EEA b C: b MATLAB » MLExpo2018 » -
[Z Editor - CAMATLAB\MLExpo2018\PotHoleDetect_alg.m ® x || Workspace ®
[ PotHoleDetect thim | PotHoleDetect algm = | + | Name a Value
g FEmnetisn [Geneeptds, Combue} = Pokilelecece HlgEEenla, fowe, SEeATHEESRGI) s
2 [l: PotholeDetect alg
3 z
4 % Frame-based algorithm designed to utilize bilateral filtering to
5 % detect pot holes in the road. The major functions are: [::33
& % 1. Pre-process the input video - bilateral filter, sobel edge detegct
T, % 2. Apply trapezoidal mask to focu=s on the current lane
i % 3. Detect centroids of identified holes of a certain size
9 rs 4. Overlay a marker
10
Tl 3 Copyright 2018 The MathWorks, Inc.
12
13 .%% Frame pre-processing
14
15 Convert to intensity
16 — frmGray = rgb2gray(frmIn):;
17
18 % Bilateral filter
T frmBiFilt = imbilatfilt (frmGray, 'HeighborhoodSize', 9);
20
21 %2 Edge detection .
Command Window @
Jx »>
< >

=

| PotHoleDetect_alg
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’i PotHoleHDLDetector_prototype ™ - Simulink
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* How much on-chip RAM?

* Typical achievable frequency

* Available I/O

* FPGA: How many DSP slices?

Q TRTERRER

* Control system latency
* Comms system throughput
* Video frame size & rate

c AR ER, TR

J

* Fixed-point quantization — esp. multipliers!
Minimize/avoid use of off-chip RAM
Parallelize operations for speed

Use HDL Coder optimizations & reports

MATLAB EXPO 2018

DSP Slice

18x18 or

*lllustration only. Consult your device datasheet!

PSS cross-correlation

PSS _xcorr0
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PSS xcorr2

magnitude?2 0
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~ [0 HDL Workflow Advisor
N l:fil 1. Set Target
!:I “~1.1. Set Target Device and Synthesis Tool
(=] 1.2. Set Target Frequency
@ 2. Prepare Moded For HDL Code Generation
h:f{.l 3. HDL Code Generation

2 HDL Workflow Advisor - PotHoleHDLDetector_produrt&anotHoIeHW

1.1. Set Target Device and Synthesis Tool
Analysis (~Triggers Update Diagram)

Set Target Device and Synthesis Tool for HDL code generation
Input Parameters

Target workflow: | Generic ASIC/FPGA
Target platform:

Synthesis tool: | No synthesis tool spedified
Family:

Package:

Device:

Speed:

Tool version:

Project folder: | hdl_prj

Run This Task

Result: [ ] Not Run

Click Run This Task.

2 |
Launch Board Manager
Refresh
Help Apply

MATLAB EXPO 2018

4\ MathWorks

26



-

%% Prame pre-processing \

% Convert to intensity
frmGray = rgb2gray(frmIn);

\/
%
% Bilateral filter

frmBiFilt = imbilatfilt (frmGray, 'Neighborhood3Size', 9);

(Golden Reference) N

frmEdge = edge (frmBiFilt, "Scbel', .05);

MATLAB Simulink
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