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MATLAB/Simulink®

Signal Processing Toolbox™
Control System Toolbox™
Symbolic Math Toolbox™
Optimization Toolbox™
Statistics Toolbox™ ™!
Image Processing Toolbox™
Signal Processing Blockset™ *2
Stateflow®

Data Acquisition Toolbox™
Instrument Control Toolbox™
Curve Fitting Toolbox™
SimMechanics™ ™3
Bioinformatics Toolbox™
Simscape™

CRAVILIFEAN TAHA T3>
Robust Control Toolbox™

System Identification Toolbox™
SimPowerSystems™ 4
Communication System Toolbox™ *>
Wavelet Toolbox™

Neural Network Toolbox™ 6
MATLAB Coder ™

Simulink Coder ™

Simulink Real-Time ™

Embedded Coder®

Computer Vision System Toolbox™
Real-Time Windows Target™ ™/

*1 R2015ak Y Statistics and Machine Learning Toolbox™

*2 R2011akYDSP System Toolbox™

*3 R2016ak Y Simscape Multibody™

*4 R2018bd Y Simscape Electrical™

*5 R2018b 4k Y Communications Toolbox™

*6 R2018bdYDeep Learning Toolbox™

*7 R2015adk Y Simulink Desktop Real-Time™ 6
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F28335 Experimen

Peripheral:
GPIO00~63
Timer0
ePWM1~6

ADCAO~7, ADCBO~7
DMA, 12C, SPI, SCI, CAN

etc.

Features:
150 MHz
Flash: 512 KB
RAM: 68KB
FPU

TI C2000 F28335 Experiment Kit

MO SARAM 1Kx16 LD SARAM 4K x 16
(0-Wait) V (0-Wait, Dual Map)
M1 SARAM 1Kx16 L1 SARAM 4K x 16
(0-Wait) ¥| (0-Wait, Dual Map)

L2 SARAM 4K x 16
(0-Wait, Dual Map)

| L3 SARAM 4K x 16
(0-Wait, Dual Map)

Memory Bus

XHOLD
88 GPIO: GPIO
: =2 Mx [ e
—r
XZCS7
XZCS6

XADXWET

B
XCLKOUT

XRD

<
4

FIFO 0 FIFO
(1 Is) {16 Levels) (16 Levels)

.
& g
> -
o o
o o
1) w,

[ secure zone

[ L4 SARAM 4K x 16 |/
/| (0-W Data, 1-W Prog) |
| L5SARAM 4K x 16 |

Boot ROM | (0-W Data, 1-W Prog) [
BKx 18 | LG SARAM 4K x 18 |/
— ] (0-W Data, 1-W Prog) |\

i | L7SARAM 4K x 16 |/

¢/l (0-W Data, 1-W Prog) |

DMA Bus

OTP 1K x 16

Flash
256K x 16
B Sectors
Security
Module

TRST
EMUO
EMU1

XCLKIN

CPU Timer 0
DMA
6 Ch CPU Timer 1
CPU Timer 2

PIE
(Interrupts)

Memory Bus

CAN-A/B
(32-mbox)

ESYNCO
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A micro-controller system
Real-time computing
Dedicated function

A part of the whole system
Self-control

Examples:
Inverter

Power supply
Hybrid vehicle
Wifi router
etc.

Embedded Computer
Sub-Assembly for
Accupoll Electronic Voting
Machine

Picture of the interior of

an a
modern example of an
embedded system. Labelled
parts include

a (4), (6
), and (7).
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Using CCS (Code Composer Studio)

— Requires C/C++ language programming skills

— Requires deeply understanding about DSP
peripherals and registers

— A lot of things to be memorized

— etc.

2 | €] PLController.c [€] PI_Centroller.h |6 DSP2833x_Adc.c
DAB_New [Activ 1#include "
¥ Binarie:

Includes
Debug
#include

% Experimenter's Kit - Delfino F: #include "

Ee ) #include
[ readme.tet 16 #include

#include
#include

unsigned cha
unsigned cha
fil

usDelay.asm

bal_Variablesh

main.c
MEPS.h
Calculate PWn();
bserver_Im.c Update_Puin()
Observer_Im.h Kalman_Filt,

D;
InitPieCt:
IER

InitPieVectTablel

| Problems 52
D errors, 1 warning,
Descriptio

Warnings (1 item)

Writable Smart Insert

[6) Common Defineh  [¢] Observer_im.h

vy Code Composer™ Studio v7

1§ TEXAS
INSTRUMENTS

) Target Configurations 52

type filts
v (= Projects
~ 5 DAl

| Experimenter’s Kit - Delfino F28335.cex

xperiment_Kit.com

>

Location
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Embedded Coderz LN =# 1A AH R T LIEE

» Using Embedded Coder for C2000

for MATLAB & Simulink
— Do NOT requires C/C++ language
programming skills
The Code is automatically generated. You do
NOT have to program from ZERO

— Do NOT requires deeply understanding about
DSP peripherals and registers

You can modify values via visual windows
— A lot of things to be memorized

Have to memory about configuration of
Simulink

— eftc.
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Solid State Transformer (SST)

What is SST?
SST is a power electronic device that can convert AC (or DC) to AC (or DC)

’ | | | L]
Double-Phase Inverter \ LC Filter

YT

Structure of 3 stages SST
“LVDC lin

Rectifier ~ HMDClink DC-DC Dual Active Bridge . .

DC-AC converter (Inverter)

Bidirectional power flow
\oltage THD < 5%
AC output voltage follows the desired

value
Grid connected mode and islanding

mode

AC-DC converter (Rectifier) DC-DC converter
Bidirectional power flow

High frequency
DC output voltage follows the desired

value

Bidirectional power flow
Power factor is 1

DC output voltage follows the desired
value




1kVA BT 2—)L

!§' 3" layer

/8 8 1) \oltage Sensors
2) Current sensor
3) Power supply (£=12V, +5V)

2" layer
1) DSP Micro controller

2) \oltage Translator
3) Power supply (+24V)

1t layer

1) MyWay Inverter
2) DAQ

3) Passive filter

Output rated capacity 1kVA (200 VAC output)
1.1kVA (220 VAC output)

Output rated current 2.88A AC rms

Output rated voltage 0~ 230 VAC rms
Switching Frequency To 20kHz

- 34
Dead-time 3.0usec or above




AC-DC OV /\—42 D EES

Voltmeter & Delta-Wye Voltage & I/F board (MWINV-IF03)
Voltage regulator Ammeter Transformer Current sensors

3qeA

Power Quality
Analyzer

5q0] ¢

Function of DSP

» ADC conversion (Vabc, labc, V)
Phase Locked Loop (PLL) —-SOGI Method
Converter control (Moltage and current control)
VDC ref aSSign
Over current protection
sPWM




AC-DC a2/ \—A2D#E7avs

switching signals

Vabc and Iabc
measurement

Vab

SOGI-

PLL

Iabc

abc-dqg0
transformation

ot

3

DC Load

VDC

sPWM
measurement

Va b rof

iy, i

Voltage &
Current
controller

dq0-abc
transformation

Vi 1 Yy




AC-DC OV /N\—4 RTIFETIL

Vado_a

CZ&O:-‘C&!&BﬁD
B0 Vadz b b

ADC scaling

Al

L1

In1

i

& InZ

et 2
ADC sealing

L & o e e e e e e

C2A0xC283 3

TZSEL
[l

PN

CEANGICIAR I

TZSEL
eFWM

CEANGICIAR I




AC' DC > / {_9 0) %%ﬁ %:Iél: % Vrms INPUL, iyps inPUL PE ¢ a‘f&

Real Time View BRM www f:49.990Hz =
==x j.a=

Urms
V — 50V = Urms 1 :zf:g x Ims 1 0.6478 A BFEH=E=
— & s 2 . 2 0.8331 A ~BERE
DC ref | Waveforms for V and | Win 100 ‘_"' W FRRE S 1748 % 3 0.8043 A %’ 'F
- . i e . & sl P 1 0.0100kW |S 1 0.0118kVA %~
—_ W 000V] _ OA| UFF6ORY ~ 5A |[from SOz EEN o i el z 0.0093kW 2 0.0108kVA =Hig
Real Time V 3 . 00: F s 4 S0H= W—"" 3 0.0090kW 0.0104kVA
l.la E ;; ;ew- ’*1&’!;.33” 0:00:%0 7% 49 . 9SOHZT| L sm 0.028kW - 0.032kVA =757
Parameters Ve ref = 50V ' ' P Q 1-0.0054kvar PF 1-0.8814 e
: s o17en Lk 320,008 1kvar 3 -0.8881 =7
Vrms INput [V] 17.49 oLy ‘ m - 0.018kvar | = —-0.8720 - {3
. : : WP+ 0.00000k un [KF 1 1.20
irms INPUt [A] 0.65 = 4 — \ L RR & WP-  0.00000k uh :  1.19
. - K WQuas 0.00888&-.:5 3 1.18
Resistor [Q] 100 R FIb 0 . 00CT Okvert i
" e 5572 9, HLD 10:48:37
Power Factor 0.88 ER. A
owe : 8.037 2818/85/29 18:58:87.621 ‘ DMM W PO EN » e
“'8.715 i V; ey % Wi | — | SRt
Vin THD [%] 1.90 R e =7 THD PG e e e -
iin THD [%] 7.12 = /-:\ - —_— y .74 E BBEM 0:00m f:49.968Hz |
in - T I F o0 49,979 Hz
J S \/ \./‘ [Ums 1 17.82 V  Unhe-r1 1.80 %
Vpe output [V] 50.5 | | P o172t v 5 ige &
5 0.9 |_1.8888 _/div ; g :
- . . P e 220 — WO (G0 0504KV (U =0 033KV 47
i 0.02 » — 71T /VIRIE | 44 18:50: 00 2 0.0831kV 2-0.0830kv  “777
q 1 0.0338kV 3 -0.0335kV

UrmsVS 17.26 V  [Unermit

Vpms INPUt [V] o R ’

Lrms INpUt [A] —
Resistor [Q] i THD o i e ——

Power Factor

Real Time View #EGNY 0:0:0 f:49.988Hz W™

Trms 1 8.2352 'é I thé-F1
2 . 2
Vin THD [0/0] | 3 0.8083 A 3
;. 0 = >
{in THD [%] = e T
i 1.084 A 1i- 0.
Vpc output [V] w%“
3 (TrmeiVe 340 A |In 0.0183 A  -ESR™
Imeavs O.B8340 A Ihard'; 9.0188 B g8
Tunb8 0.07 % 3 0.0164 A
Tunb 4,18 %
b I s
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Arduino I/0O%{E A9
NIXEEIZ{ER AT HE
[ ArduinoEMATLAB
THlERERETZIEL
HED! IR
TechShare&EE
RoTH (Run on Target
Hardware) %A gE/HV?

IM-SG

=Eo

BEREZS

avkAa—5—
GOVEXEfE AVRERE(E

Fav/\[E

(FS2 P AZEEE)
EBEES
FSURTa1—H—
B3R - iR EER)
Arduino

(REVE7R—Y

or #HEER)

FS2R
Fa—4

fth#t &R HEY—IL (BRIDH or VE—ME—FTHEA)

App Designer CiE Z#1 X AJREH?
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