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Masterclass vs. Presentation?
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What’s a SoC?
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What’s a SoC?

“When we refer to SoCs, we’re referring to an FPGA device equipped with

a hard processor.”

MATLAB EXPO 2018
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Takeaways

Model-Based Design for SoC FPGAs
= Enables early validation of specifications using simulation
= Improves design team collaboration and designer productivity.

- Reduces hardware testing time

MATLAB EXPO 2018
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Agenda

Trends, challenges and MBD in motor control applications
CASE Study: Field-Oriented Control of Velocity on Xlilinx Zyng SoC

Debugging your design using Data Capture 2018

= Next step?
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Agenda

[ = Trends, challenges and MBD in motor control applications }

CASE Study: Field-Oriented Control of Velocity on Xlilinx Zyng SoC

Debugging your design using Data Capture 2018

= Next step?
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Key Trend 1: Increasing demands from motor drives

= Advanced algorithms require faster
computing performance.

— Field-Oriented Control
— Sensor less motor control
— Vibration detection and suppression

— Multi-axis control

MATLAB EXPO 2018
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Key Trend 2: SoCs are now used in 36% of new FPGA projects

100%
50%
20%
70%
60%
50%
A40%
30%
20%
10%

® FPGA

m SoC (Xilinx Zyng,
Intel Arria/Cyclone SoC,
Microsemi SmartFusion)

% of Design Projects

2012 2014 2016

Source: Wilson Research Group and Mentor Graphics, 2016 Functional Verification Study

MATLAB EXPO 2018



Why use a SoC?

= Soft processors like Nios or Microblaze
are more limited in terms of their
maximum clock speed

= Configurable input/output pins and ADCs
= Ability to perform floating-point math

=  They are more power efficient

MATLAB EXPO 2018

&\ MathWorks:

Programmable logic to create custom
I/Os or offload compute-intensive tasks

Memory-mapped streaming between
FPGA and processor

Dedicated DSP blocks

SoC are fabricated onto the same die

10
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Challenges in using SoCs for Motor and Power Control

New Trends New Challenges

= Integration of software and hardware partitions need team collaboration
- Validation of design specifications with limits on access to motors in labs.

- How to make design decisions that cut across system components?

MATLAB EXPO 2018
11
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Any idea of how to approach these challenges?

MATLAB EXPO 2018
12
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Model-Based Design with MATLAB and Simulink will help you
develop motor control applications on SoCs by...

Enable early validation of specifications using simulation months before
hardware is available.

Improving design team collaboration and designer productivity by using a
shared design environment.

Reducing hardware testing time by shifting design from lab to the desktop

MATLAB EXPO 2018
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User Stories?
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Punch Powertrain develops complex SoC-based motor

control

= Powertrains for hybrid and electric vehicles
= Need to increase power density and efficiency at

a reduced cost

— Integrate motor and power electronics in the transmission

= New switched reluctance motor

— Fast: 2x the speed of their previous motor

= Target to a Xilinx® Zyng® SoC 7045 device
— Complex: 4 different control strategies

No experience designing FPGAS!

Link to video of presentation

MATLAB EXPO 2018

v Designed integrated E-drive: Motor, power electronics
and software

v' 4 different control strategies implemented
v' Completed in 1.5 years with 2FTE’s
v Models reusable for production

v" Smooth integration and validation due to development
process — thorough validation before electronics are
produced and put in the testbench

4\ MathWorks'
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https://www.mathworks.com/company/user_stories/university-college-london-improves-computational-literacy-with-online-and-onsite-matlab-training.html
https://www.mathworks.com/videos/faster-and-more-accurate-control-of-switched-reluctance-electric-motors-using-zynq-soc-highlights-121425.html

3T Develops Robot Emergency Braking System with

Model-Based Design

Challenge

hardware testing

Solution

Implement the controller

Results

= Cleanroom time reduced from weeks to days
= Late requirement changes rapidly implemented
= Complex bug resolved in one day

Design and implement a robot emergency braking system with minimal

Model-Based Design with Simulink and HDL Coder to model, verify, and A SCARA robot.

Link to user story

MATLAB EXPO 2018

“With Simulink and HDL Coder we eliminated
programming errors and automated delay balancing,
pipelining, and other tedious and error-prone tasks.
As aresult, we were able to easily and quickly
implement change requests from our customer and
reduce time-to-market.”

Ronald van der Meer

3T

4\ MathWorks:
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https://www.mathworks.com/company/user_stories/university-college-london-improves-computational-literacy-with-online-and-onsite-matlab-training.html
https://www.mathworks.com/company/user_stories/3t-develops-robot-emergency-braking-system-with-model-based-design.html
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Agenda

= Trends, challenges and MBD in motor control applications

[ = CASE Study: Field-Oriented Control of Velocity on Xlilinx Zyng SoC }

Debugging your design using Data Capture 2018

= Next step?

MATLAB EXPO 2018
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ZedBoard

Zyng SoC
(XC7Z020)

Load motor

Mechanical
coupler

MATLAB EXPO 2018

4\ MathWorks:

FMC module:
control board +
low-voltage board

Motor under test
(with encoder)

18



Conceptual workflow targeting SoCs

Embedded
software
engineer

MATLAB EXPO 2018

System Simulation Test Bench

Algorithm Algorithm
C HDL

Model Model

Linux / VxWorks  Algorithm

Reference C HDL
Framework Code Code

SoC SoC
Hard Processor

Model of
Motor &
Dyno
_ Programmable
Algorithm Logic
Reference
Framework
Motor &
Programmable Dyno
Logic Hardware

Embedded System

4\ MathWorks

Algorithm
developer

Hardware
designer
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Hardware/software partitioning

System

Inputs

Verify
Outputs

System_Inputs
- = .
P Select - u @
> " L
—
ool | D &
Current
C:n:en. w1010,
— =
— Position Control E—- u @
Valocity I —
—
Controller_Algorithm Motor_And_Load
Controller Algorithm
Target to ARM

MATLAB EXPO 2018 |i—J

Fe

Verify_Outputs

4\ MathWorks:

Target to
Programmable
Logic
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Code Generation

I Code Generation Report =3

Motor_On

‘Command_Type

Velocity Command

s « Find: v © Match Case

Contents

Summary

Subsystem Report
Code Interface Report
Traceability Report

Static Code Metrics
Report

Code Replacements
Beport

Generated Code

-~ Main file
ert_main.c

- Model files
focZyngC.c
focZynqCh
foczynqC_private.h
focZynqC_types.h

File: focZynqC.s

* File: focZynqC.c

te generated for Stmulink

neration Report

Contents

Summary
Subsystem Report
Code Interface Report
Traceability Report

Static Code Metrics Report
Code Replacements Report

Generated Code
1~1Main file
ert_main.c

i gim

Model files
focZyngC.c
foczynqCh
foczynqC_private.h
focZynqC es.h
-1 Data files
focZynqC_data.c

1 Utility files (7)
Interface files (1)
+1 Other files (2)

model

Mode
Select

& Find: 4 Vv Match Case

The static code metrics report provides statistics of the generated code. Metrics are estimated from static
analysis of the generated code using the C data types specified in the 'Device details' section of the
I

focZynqC

Disabled

El Calibrate
Encoder

| Static Code Metrics Report

> Hardware

Controller Algorithm

Controller Mode

ADC_Count

Encoder_Index_Found

Encodar_Count

pane: char 8, short 16, int 32, long 32, float 32,
double 64, pointer 32 bits. If your model contains a Variant block, the Static Code Metrics Report does not
contain data for the inactive variant. Actual object code metrics might differ due to target specific compiler

and platform settings. Consult the Code Generation Advisor @ for options to improve code efficiency.

Table of Contents
1. File Information
2. Global Variables
3. Function Information

1. File Information [hide]

-1 Summary (excludes ert_main.c)

Current
Convert

Position
Velocity

focZynqHd|

‘encoderCountParRevolution

»—_
—

Terminator1
encoderAl eadsE

Terminator2
>

pwmCounterhax
Terminatord

pwmDeadTimeCaunt
inverterEnable

Terminatord
»

2

Invarter_Enable

I Code Generation Report

~ & Find: % ¥ Match Case

Contents
Summary
!

I

Report

Optimization Report;
istril El

Delay Balancing
Adaptive Pipelinin.
Traceability Report

Generated Source F
focZynaHd!_pkg.vhe

Delay1

:

71

Al ADC_C To_Cur
Two_Pi_Once
Encoder_Count_To,

L] m—

I

Delay2

3

z

Number of .cfiles : 5
Number of .h files: 9
Lines of code : 901
Lines ©2,116
-1 File details
|File Name Lines of Code Lines Generated On
focZyngC.c 417 883 04/19/2017 9:48 PM
foczyngCh 130 347 04/19/2017 9:48 PM

oK

|_tep |
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Delayd

Delay4

File: focZynqHdl.vhd

Clock Symmary
Code Interface Report
Timing And Area Report

&) Code Genceation Report
= & Find:

Contents

S mary
clock Summary

Code Interface Report
iming And Area Report
High: level Resource Report
Optimization Report
Distributed Pipelining
Streaming and Sharing
Delay Balancing
Adaptive Pipelining
P Core Generation Report

Traceability Re:

0

Generated Source Files
focZyngHd_ip_src_focZyngHdl_p

sic_ADC_Count_T

focZynqHd_ip_src_Rotor_Positios

ip_se I

focZyngHd ip src Rotor Positions)
4 i v

(=]

w % Match Case
HDL Code Generation Report Summary for focZyngHdl E
Summary
Model focZynghid]
Model version 1.368
HDL Coder version 3.10
HDL code generated on 2017-04-21 14:13:09
HOL code generated for JoeZynghidl
Target Language VHDL
Target Directory hdl_prj\hdlsre
Non-default model properties
ClockRatePipelining off
EnablePrefix oversampledClockEnable
HOL foczyngHdl
ModulePrefic facZyngHd_ip_src_
OptimizationRepart an,
Oversampling 2000
ReferenceDesign Motor Control Reference Design
ResetType Synchronous
ResourceReport on!
ScalarizePorts an,
SynthesisTool Xilinx Vivado
SunthackTnalChinFamils unal ]

oc | wep |
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DEMO
Field-Oriented Control of Velocity

4\ MathWorks

22



Agenda

= Trends, challenges and MBD in motor control applications

CASE Study: Field-Oriented Control of Velocity on Xlilinx Zyng SoC

&\ MathWorks:

[ = Debugging your design using Data Capture 2018

= Next step?

MATLAB EXPO 2018
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Debugging using Data Capture

- Why would you like to capture signals from the FPGA?
— It enables you to use MATLAB to analyze the real-world signals.

— It enables you to capture data and drive it to simulations which makes design
debugging easier.

ﬂ:PGA System \
Generate Debug IP

and insert to design ‘MATLAB'

m JTAG

k Signals of interest /

MATLAB EXPO 2018
26



Data Capture IP Workflow

Generate data
capture IP

Integrate with

existing FPGA design | | Capture data

4\ FPGA Data Capture Component Generation
Description
Generate an HDL IP for integration into your FPGA design.
Specify port names and bit-widths for the interface of the generated IP, and specify how many
samples the IP captures at a time.
Generate data
eapture IP
Read more about the data capture workflow
Ports
Port Name Bit Width Use As Add
temperature 16 ~ | Both trigger and data Remove
counter 8 ~ | Both trigger and data
Target Capture
Generated IP name: datacapture Sample depth: | 1024 b
FPGA vendor: Xilinx -
Generated IP language: | Verilog -
Destination folder:
Generate Cancel Help

MATLAB EXPO 2018

datacapture uld |
.clkiclk),
.clk _enable(clk enable),
.ready to_capture (ready to_capture),
.data in(data_in)):

Added one output
port to the existing
Data Capture IP

\

4\ FPGA Data Capture
Description

Capture data from a design running on your FPGA board.

Specify data types for the returned data structure, and specify a logical trigger condition

that defines when the data is captured.

Capture data

Read more about the data capture workflow
Output

Output variable name:

dataCaptureQut | Display data with Logic Analyzer

Trigger  Data Types
Sample depth: 1024

Number of capture windows: |1 -

Trigger position: D '

Signal Operator Value

temperature = +

Status: Not started Immediately ~

Change operator

AND

b Capture Data

4\ MathWorks'
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DEMO
Debugging using Data Capture

4\ MathWorks
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Agenda

= Trends, challenges and MBD in motor control applications
CASE Study: Field-Oriented Control of Velocity on Xlilinx Zyng SoC

Debugging your design using Data Capture 2018

[ = Next step? }

MATLAB EXPO 2018
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Why use Model-Based Design to develop motor control

applications on SoCs?

Challenges:

Integration of software and hardware
partitions of algorithm on SoC drives
need for collaboration

Validation of design specifications with
limits on access to motors in labs.

How to make design decisions that cut
across system?

MATLAB EXPO 2018

Model-Based Design

v Enables early validation of specifications
using simulation months before hardware
Is available.

v Improves design team collaboration and
designer productivity by using a shared
design environment.

v Reduces hardware testing time by
shifting design from lab to the desktop

31
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Learn More

- . MathWorks
Visit us in the Technology Showcase 4 58426 volgers
— New: see award-winning Native Floating Point in HDL Coder

FOC Current Control

MathWorks is honored to receive the Embedded World
Award 2017 in the Tools Category for HDL Coder. http://
owl.li/nBzd309XYxW
Eormm L . _. RS o '.,ﬁ e v _} D Fixed—point design Ce
FOC Current Control
- _ 288 interessant « 6 commentaren
e (3101 ,H I" singie (3) 01 queu-c' D . . .
= \\N 2. | Floating-point design

MATLAB EXPO 2018
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Learn More
MathWorks
. . . ‘\ 58.426 volgers
= Visit us in the Technology Showcase 163
— New: see award-winning Native Floating Point in HDL Coder P i i S o Ao
V|deos owl.li/nBzd309XYxW
— HDL Coder: Native Floating Point
- Webinars

— Prototyping SoC-based Motor Controllers on Intel SoCs with
MATLAB and Simulink

— How to Build Custom Motor Controllers for Zyng SoCs with
MATLAB and Simulink

Articles
— How Modeling Helps Embedded Engineers Develop Applications for SoCs (MATLAB Digest)
— MATLAB and Simulink Aid HW-SW Codesign of Zyng SoCs (Xcell Software Journal)

Tutorials:
— Define and Reqister Custom Board and Reference Design for SoC Workflow
— Field-Oriented Control of a Permanent Magnet Synchronous Machine on SoCs

288 interessant « 6 commentaren

MATLAB EXPO 2018
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https://www.mathworks.com/videos/hdl-coder-native-floating-point-123505.html
https://www.mathworks.com/videos/prototyping-soc-based-motor-controllers-with-matlab-and-simulink-100255.html
https://www.mathworks.com/videos/how-to-build-custom-motor-controllers-for-zynq-socs-with-matlab-and-simulink-107884.html
https://www.mathworks.com/company/newsletters/articles/how-modeling-helps-embedded-engineers-develop-applications-for-socs.html
https://issuu.com/xcelljournal/docs/xcell_software_journal_issue_1/42
https://www.mathworks.com/help/hdlcoder/examples/define-and-register-custom-board-and-reference-design-for-soc-workflow.html
https://www.mathworks.com/examples/embedded-coder/mw/xilinxzynq7000ec_product-zynq_pmsmfoc-field-oriented-control-of-a-permanent-magnet-synchronous-machine
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Thank Youl!
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