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Challenges

Limited time and resources are common constraints for development projects

= Fit advanced algorithms into low-
cost production hardware
— Limited ROM, RAM, stack, and speed

» Embedded device often not known
during design
— Need optimal implementation

« Hand coding is process
bottleneck
— Adds bugs, delays, iterations

“The advantages of Model-Based Design over hand-coding in C
can’t be overestimated.”
Kazuhiro Ichikawa, Ono Sokki

Ono Sokki Reduces Development Time for Precision Automotive Speed Measurement Device
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Solutions
Techniques for accelerating the development process

Optimization Techniques
1. Use optimal settings

2. Optimize data types

Target vector engines

Use hardware support packages
Reuse components

Reduce variables

N o O koW

Reduce logic
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1. Use optimal settings
Embedded Coder Quick Start

Launch Quick Start

>

File Edit View Display Diagram Simulation Analysis Code Tools Help

'@ Mexpo - Simulink =

i)
mej - - - - -
.| Select Optimization Objectives
|
Q
l:_:] - L] L]
Apply All Optimizations
=
= Pending model configuration parameters changes:
8
O # Category Parameter New Value Old Value
| 1 Code Generation Combine signal/state on off
structures
Code Generation MAT-file logging off on
Code Generation Single output/update on off
function
| Optimization Default parameter behavioff Inlined Tunable
Optimization Implement logic signals as | on off
Boolean data (vs. double)
Optimization Inline invariant signals on off
Optimization Inline parameters on off
Target Parameter structure NonHierarchical Hierarchical
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* Prepare your model for
production code generation

= Optimize generated code,
independently of target

* Find optimal settings with the
Quick Start Tool
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2. Optimize data types

Single Precision Converter

Launch Single Precision Converter . :
— —— = Bring new algorithms from

File Edit View Display Diagram Simulation Analysis Code Tools Hel
iR de= R | me-E-@d®P » [0 ] Noma 0@ v g
"

simulation to production
{ Auto-convert to single precision

[ I T < O

= Convert double-precision
systems to single precision

Con
to Si
@ Generate code with less footprint

Global Variable Size (bytes) » Sgve resources
[+] [P 144 — Less memory footprint
che | r+11tU 16 — Double precision not optimally
i fz'Y“ j supported in many targets
[+] LY
Total 172

MATLAB EXPO 2017



3. Target vector engines

Replace time-consuming code with vector instructions

Identify run-time bottlenecks

40 /* Outputs for Atomic SubSystem: ’'<Root>/FIR' */

41 /* DiscreteFir: '<S1>/Discrete FIR Filter' incorporates:
42
43
1 Select code replacement
A 44
4] | Code replacement library: |None
48
49 I|
1°l & de f i
enerate code for vector engines
52
-4 [Su
s4 /* System object Outputs function: dsp.FIRFilter */
ZZ BCHUES S h g Sl gpelelsl (6 FIR _DW.h.cSFunObject.S5, &FIR B.varargin 1[0], &FIR B.
57 76U) ;
s¢ | Cq
. * End of MATLAB Function <S1>/MATLAB Function

Cq

* Qutport <Root>/0utl' *
I memcpy (&FIR Y.Outl[0], &FIR B.y[0], 76U sizeof (xreal32 T))
}
G
Dade—r—r=r =y =T AR COTTEX T (OPUTZey)
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= Optimize code for your target

» Generate highly optimized
code using vector instruction
sets

= |ncrease real-time execution
efficiency
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4. Target vector engines ;
Execution times of a FIR filter - PIL benchmark results, ARM Cortex-A PI’OjeCt

An Open Optimized Software Library Project for the ARM"Architecture

Compiler optimization level

Instructions optimized

410,7 us
» Vector instructions
have a significant
185,95 Us impact on
execution time
Embedded Coder ANSI-C
Embedded Coder ANSI-C & compiler optimized = This impact can
exceed the impact
of compiler
optimization
16,8 us 14.1 s Embedded Coder NEON
Embedded Coder NEON ’ & compiler optimized




4. Use hardware support packages
Download hardware support packages with the Add-On Explorer

The MATLAB Add-On Explorer

Filter by Source
MathWorks 179 254 RESULTS
Community 75

Filter by Type Hardware Support Packages (254)

Toolboxes and Products 15 =
Simulink Models 39 4 :
| Hardware Support Packages 254 .
Functions 43 ?ﬂ \
i

Filter by Hardware Type

Audio 1 MATLAB Support Package
. 4 for Arduino Hardware

R
MATLAB Support Package
for USB Webcams

Simulink Support Package
for Arduino Hardware

Legacy MATLAB and
Simulink Support for
Arduino

Run models on Arduino boards. Acquire images and video from UVC

compliant webcams.

Acquire inputs and send outputs on MATLAB class and Simulink blocks
Arduino boards for communicating with an Arduino
63 microcontroller board

oads

4063 Downloads 1875 Down 1731 Downloads 847 Downloads
Lab Instruments/Protocols 132

Mobile Devic

Operating Standards 3
oc 21 h E
\ cs 6
SoC 7 l
Software Defined Radio 6
4+

Filter by Vendor

IS
~ 7

4 4 4

Communications System MATLAB Support Package

Simulink Support Package Image Acquisition Toolbox

A ° for Raspberry Pi Hardware Support Package for OS Toolbox Support Package for Android Sensors
Arduino 27 Generic Video Interface for RTL-SDR Radio
ARM 15 Run models on Raspberry Pi Acquire video and images from Acquire RF data using RTL-SDR. Acquire sensor data from built-in
. generic video capture devices. sensors on Android devices.
National Instruments 3
R erry Pi 9
516 Downloads 504 Downloads 402 Downloads 386 Downloads

Xilinx

[=[E@]=]

Manage Add-Ons

Q

MATLAB Support Package
for Raspberry Pi Hardware

Acquire sensor and image data from
your Raspberry Pi

550 Downloads

Embedded Coder Support

Package for Texas
Instruments C2000...

Generate code optimized for C2000
MCU

357 Downloads
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= Fast code adaption to many

targets
— Model is the golden reference
for code generation
— Generated code is optimized for
specific targets

= MathWorks package support:
— ARM, ..., Zynq

= Additional packages:
— NXP, TI, Infineon,
STMicroelectronics,...
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5. Reuse components
Reuse with Simulink functions

Reusable functions

« m3

ORELES|eg|8F
=12

tlv 2l

MA|

Reuse with Simulink functions

> <] ]

[ % tempy * -
File Edit Wi
#-={ Generate efficient code from Simulink
tempy ] n
- w= functions
Q
~ /* Output and update for Simulink Function:
- void incalc(zeal T rtu u, rxeal T *rty y)
= { - - - -
o~ GI TEIr 1Ay cirnne 1IN Twmrneirr 7 i L0 S
0 n . / - .;.-'u_f.'.d-_‘-:'...-:'1:-‘.'... ;L-:;\_‘a-:,_q::»..v- ‘,.:...':-1
- ) '1-1.".'! fonversion.: <S>/ ;y,:v NP n-,'.".',‘ |
2 ~ *rty y = rtu u;

In i )

3

In3 —_— y = incalc(u)

Function Caller1

Simulink Function

caller
= (4) »{u incaic() y
H In4
bl S A v
(I
feady View diagnostics 170%

= Clear reusability structure

= Generate compact and
efficient code
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6. Reduce variables
New options for global RAM optimization

1) Pass scalar output as individual argument

2) Reuse input signals for output

‘i tempy * - Simulink
File Edit View Display Diagram Simulation Analysis Code Tools Help
B-o-Bes  Be- B @gOP o [§- oo | 2@t
tempy i ; -
®© Emmpv »
Q
3
—
[x3
L ) In1 Out1 }— —»{In1 Out1 1
\Lj -Einoul@ -Einoul
O In1 Out1
input_calc core_calc
CO—
In2
44 real T input calc(real T rtu Inl)
45 t
41 L\}ax '<S2>/Gain'

return 2.0 * rtu Inl;

* Reduced RAM usage

No additional variables needed
for intermediate results in both
cases
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7. Reduce logic
Enable component reuse with Simulink Clone Detection

Launch Simulink Clone Detection

o

Ed

View results

i Refactor your model

View Display Diagram Simulation

He-E-R GO =

OB WES

Function Caller

MATLAE

Function Caller1

>@—> In1 Outt
Out1

core_calc

Simulink Function

|dentify modeling clones

Improve model
componentization

Enable Reuse:
Replace clones with
— Simulink functions or
— library blocks
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7. Reduce logic
Polyspace Code Prover

Launch Polyspace Code Prover = Remove unnecessary
Fav, s robustness code
L'fnlé Identify unreachable robustness code
al = e = Analyze generated and
E X—M Jdrgorithm‘(‘:T”f s y .g
| BB = ik hand written C/C++
g ) source code without

e e program execution

g ey B S = Prove absence of run-

e s e time errors, e.g. overflow

: ~ -~
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Solution Summary
Accelerating the software development process with automatic code generation

Optimization Techniques
1.
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Use optimal settings

Optimize data types

Target vector engines

Use hardware support packages
Reuse components

/ Mm&mﬁ{«t 174 :

The code generated with Embedded Coder required
about 16% less RAM than the handwritten code used
on a previous version of the ECU; the code met all
project requirements for efficiency and structure.
Mario Wiinsche, Daimler

Reduce variables
Reduce logic

Daimler Designs Cruise Controller for Mercedes-Benz Trucks
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