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W F Tk B RCP T AL AT SE s B
B ETHILE 3 S ik da i Sk S ARS,  DLgsk /D Lab i) [A]
W 53545 e Simulink MBD % il B T 4% 42 1k Foricailer

B TR
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B MCUIg1T5HFE 7 (Auto code + Hand code)
B HFRPLFPGAIZ4THDL Plantf&i Y

Real-time Target
Machine with FPGA

Working Principle
FPGA [
Speed (Real-time): FPGA rely on hardware to realize all the
functions, speed can be compared with the special chip HFRHLEICPURE S I e /N JE B A& 32 BRI (8us) o
Programmable: Support VHDL to program. Can be fEEIFPGAR I I B ) FRATI2 B =, SEHl
developed under Matlab Simulink and auto generator VHDL ELCPUHE 1T ia RS 2 I A B R 1

code for FPGA.
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Toolbox
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Simulink Simulink
Test  Real-Time Auto Test
3T Framework
| HDL q

HDL
Walba ol HDL Plant Model

Simulink Embedded
Coder Coder

FFEMER:
BHEER A
HDL Planti&8YFHF A&
HABIhRERI A &
HILEBTER -
= B NS THREEE

FPGA Inside f) Q’ ‘ " 6

Real-time HIL Platform Overview

HDL Plantt&BYH9ERE M= T =TI EIFEF (Auto code+ Hand code)

Speedgoat3LH} H ArHLEC B
B SRR SE H s ML

B 1] FEFPGABLER (10334-325K)
W /02 M (103XX-21)
B FPGARELIRZ] A SR A4 Al B
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Requirements
Model Based Validation
i
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MIL / RCP
System Design
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et e — | Unit Test
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B HDL Workflow AdvisorE fi;Real-time Plant f£ %
1# T HDL Workflow Advisor>KsZHlReal-time PlantiR B K A4E e, 20 B -
1. WE SR, HARHL (Set Target)
2 NHDUAR A AE Al v 25 #5755 (Prepare Model For HDL Code Generation )
3. HDL{CAS A4 i (HDL Code Generation)
ARNINRGEER (Embedded System Integration)
5. N3 H L (Download to Target) oo vmios i oo o

1.1. Set Target Device and Synthesiz Tool

Analysis ( Triggers Update Diagram)

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

Target workflow: |Sinulink Real-Time FPGA 1/0

Target platform: |Speedgoat 10334-325k
Synthesis tool: |:(j[j|-|x Vivado w» | Tool version: |2018. 3.1
rice:

Family: |Kintex?

Package: |Fhefie w | Spead: [—3

Project folder: |hc|l pri

Run This Task

Result:  [=] Not Run

Click Run This Task.
ek an BRI Tas Result: 0 Passed

l:l I: 2: |'5I-Ii|(| FPGA Bitstream
A [@ 5. Download to Target - . ¥
ES] 5.1. Generate Simulink Real-Time interface Passed Set Target Device and Synthesis Tool. :I o

10
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1.3. Set Target Interface
. . Mnalysis ("Triggers Update Diagram) -
B HDL Workflow Advisor Real-time Plant
Input Parameters
‘}-I_ /\ /\ Processor/FPGA synchronization: |Free running -
/N — LY
Target platform interface table
B 7£1.3 Set Target Interface i & fi N\ Hi 4% H Hi kb | o
Port Name rt Ty ta Ty get Platform Interfa ‘ange / Address / FPG ~
Muvw Inp- PCle Interface v [<"1E0"
AN A I : T
B 7£3.1.4 Set Optimization OptionsiE 5 A i e et —e]
: SystemCmdes | Inpe: FCle Interface > | x"2007
. \ N < EHJ N cigger— | Tnp- FCle Interface ¥
— o DASetting Inpe FCle Interface v | x3
M 7£3. HDL Code Generation5t il Jm, fuAhdd: &
2_S: Inp | booe | TTL 103xx-21 Cham v | [1]
Tapes | hoaee: | TTL 103x-21 Cham v | (2]
Inp | booe |TTL 103xx-21 Cham v | [3]
Tapes | oo | TTL 103x-21 Cham v | (4]
Tapeer | boanr- [TTL 103x-21 Cham v | (5] M
4.1.4. Set Optimization Options
Optimizations
al Pipelining Resource sharing
(& HDL Workflow Advisor - PlantHDL/HDL_DUT — [m| *
File Edit Run Help [ Batance delays Wultiplier partitioning threshold D
] —T L
[ ap nipeline delays to Rax RAM mapping threshold (bits): 256
L 1. Set Target Device
w [E HDL Workflow Advisor o e . - /
v @@ 1. set Tareet Analysis (Jsrffers Update Diagran) - Bl rvanstom non sero initial value -
o L1 arget Device and Synthesis Tool for HDL code generation
Q- Input Parameters
o - Multicycle Path Constraints
Target workflow: |Sinulink Real-Time FPGA 1/0 v|
o Enable-based constraints
v B 2 Premare Mode! Fo Target platforn: [Speedsoat 10334-325k - Launch Board Manager e
o 2. 1. Check Global Settings Synthesis toal ‘ . Tool . m
. Synthesis tool: |Xilinx Vivado T | Teel version: Bl
@ o coock At T
Q 3. Check Block Compatibility Family: |Kintex? ¥ | Device: |3¢ 5t o
[} . Check Sample Times -
i Package: |fheBi6 +| Speed: |9 - [l Code Ger - o x
. Eo@ Fnk [ 4 ¥ March Gase
Froject foldges - | B = :
. hdl_prj | rowas Contents HDL Code Generation Report Summary for InverterHDLPlant
Summary
wort Options Clack Summary
—
ed Options Run This Task Code Interface Report Summary
o et Timing And Area Report
ion Option "
. High-level Resource Model InverterHDLPlant
Cade and IP Cog — Report )
o— Model 1605
: . . Native Floating-Point odel version
hd @ . Embedded = em Integration HDL Coder version 3.15
Passed Set T Devi d Synthesis Tool Resource Report
/] c Proec assed Set Target Device and Synthesis Tool. Critical Path Estimatil HDL code generat]” L-.T ------------ (.
imizatic HDL codt i} e
] Build FPGA Bitstream QVSET‘F:‘:’”G';?W‘TF N0t code generat yog PuMech I oeh
W istributed Pipelining
w 5. Download to Target i i ™
Streaming and Shaing ..
@ - . o . . . Streaning and Shrin o
@ 51 dene imulink Real-Time interface Apply Delay Balancing o 28,124 ns)!
Adaptive Pipelining " Rakiaie Goto1s i
1P Core Generation Report o Rotorngle 1
I
—_— !
AdaptivePipelini .
BalanceDelays .t
I
« | |ClockRatePipelin |tlca| Path Checl{ v
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B Real-time Plant LY 583 | AD1 _ .
AD_Trigger1_2
A I Real-time Planti B4 i) ELAZA A . o] 61 2 1 Test ADT2Trgger
Harness K SZHILA [A] R I DD RE - —% AD2 ___PCle AD1 2}—— 5
“yReal-time PlanttE 238 InZ 4 %\ (Simulink Library P p—
Sales - I
DashboardFEfEE) , 5] ATest Sequence. Test Assessmentfel, ] —_» AD_valid_1| : omp
fir)Speedgoat CPURE ALK AL 152K/ AL & 47 Real-time Plantfi Y, M RN —

DO44_63H

1M LI EE 22 R M D RE -
Multiple Test Harness for Different Test Purpose

1 —

Control Panel 2 S
— e

Load Torgue Manual Control Speed Command Manual Control 3 _1::;“_.

[

Test Sequence

Manual Torque Enable or ( JIl) on Manual Speed Enable or ( JIl) on -1
Manual Torque Selting Manual Speed Setting 2

3

Control Panel for Command Input

Test Assessment

12
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Real-time {FE

B Real-timefij HiE1T M

\ SN N o Ny L ) —
EGIET RSN S Speedgoat BIEIE N+ e S0 & 2 -
‘Ida\/ﬂt_l:‘ @i‘i&m u lin kET%j:’f_ﬁ'ﬁ%IJ HI L%Z é E[/(J E 1’? __RU| TF‘:[?:{A]F\'PLIC,G\TION ON TARGET COMPUTER IN ONE CLICK =
SARIE AT H AR - >
HI L:‘@/ji zﬂ:%_l:j Lab Testéi% EI(J [:K?FQJI_LIA_F IZE] . STEF'“E‘\: STEP COMMANDS ~
Deplay to :;_"'e.". Start R t ;"::.' f:l:_:,"-;:'.

Run Real-time Model

m HIL Test Result Lab Test Result

Zoomi 2 2.5 k 2ms/div Zoom] = 2|

N AN AN
\’\\w/ \J‘WJ \ \ H\w\w"

o
§
=

Waveform

Tk Q "\ ’
‘uh)‘m’dﬂ \“\f v’j‘f \' }".‘Mf‘

3y Mir 1.68 v Runs 1.04098 v Frea(G1) 330,687 112 -
4 e 1y e ey fredfe) o 1t e 542 e 2 e 2t o male
v 0.93 v 1.34116 V MaxC3) 527.0 ¥ i PRE) B3V Mean(C3) 5130147 v

B

Mn(?“i
Meax(0?,
Ma(C3

HIL Test Result Compare with Lab Test Result .
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W] PUR A HILT & SEOU AR R T RENNG, 0. ORI IZ AR Al

Scope 9 Scope 8
la Ib lc
Motor
Protected
Offset: 258 y: 162 .58 t: 2 Offset: B y: 12.58 t: 1
Scope 1 Scope ¥
Fre_M_Heal Te
Motor
Protected
Motor
Protected
Offset: 75 y: 18.75 t: 1 Offset: 18 y: 2.58 t: 1

DC Over Voltage Protection Test
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4 Test Manager

TESTS

EDJEEJECt
By co

- - - & Paste

- Report
EDIT

ﬁ“'u’D_

P Delete TestSpec  Run

Stop Parallel | Report

RUN

l

RESULTS

4L import
oy M

ENVIRONMENT | RESOURCES

40U Results and Artifacts

|Fi|ter tests by name or tags, e g. tags: test

« = RealtimeTest
» [5] Performance
» [ MormalRun
v [5] Protection

PROPERTY
Name
Location
Hierarchy
Enabled
Tags

VALUE

[ Performance

C:AUsers\cwangW\W1C_..
RealtimeTest » Periorma.

v

Real-Time Test (Simulation Test)

» TAGS
» DESCRIPTION*
+» REQUIREMENTS

r 3YSTEM UNDER TEST*

» PARAMETER OVERRIDES*®

v CALLBACKS™

|5 Frequency Sweep x  [H} StartPage x

» PRE-LOAD* =
» POST-LOAD [
» PRE-START REAL-TIME APPLICATION® [»
» CLEANUP* 3
¥ INPUTS

» SIMULATION OQUTPUTS*

~ ITERATIONS*®

» TABLE ITERATIONS

~ SCRIPTED ITERATIONS™
+ Help on creating test iterations:

1% Frequency sweep frequency and torque setting
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Test entrance

RSO B GEAEEPlantBUR S8 MRS 2K
B Test Harness: o IR 40 FI S [ 280 ki ) | Read porameter & setting |
B Test File: SZ¥Test Manager X Test Harness ] J<HE J; Test Cases K Run test suite |
BB (iterations) ot
B Script File: BN DL T S Hodis ab 33 N o oot cace |
—>| Store test result |/

m AR CHED

m R (TED

Tk R AT,

Step 1 (Test Input)

—>| Create report & export test data |
Call relationship About Auto Test

AutoTest.m ‘

4] RealtimeTestResult20200303T145138.mldatx S—
¢=EE one-click 5 RealtimeTestFreqSweepReport20200303T145138.docx I I _
B RealtimeFrequeep202DD303T145138.xlsx\ | ! '||_ i

Step 2 (Run Test) Step 3 (Test Output)
16
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