Report on the dSPACE Experiments for Hysteresis Controlled Buck Converter

System Hardware Requirements: This requires DS1103 System Board, Dongle Key for licensing,
Microtec PowerPC C Compiler (that generates executable code for DS1103 PowerPC processor)
and CP 1103 Connector Panel. The host PC should be x86-compatible with host processor at least
Pentium 4 at 2GHz, 1 GB RAM, and DVD drive for software installation.

System Software Requirements: MATLAB/SIMULINK Release 2014a, Real-Time Interface
(RTI), and ControlDesk Next Generation. Software compatibility information is available on:
https://www.dspace.com/en/inc/home/support/supvers.cfm

The experimental setup is shown below:
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Code Generation Process:

The first step towards code generation is to build a Simulink/Stateflow (SLSF) model that has the
software interface between the controller and the plant. This software interface is provided by the
Real-Time Interface (RTI) Block library (Type ‘rti’ in MATLAB command window to display the
library). The 1/0O resources for DS1103 system are split between the two processors on the board,
i.e., Master PPC (Power PC) and Slave DSP F240. The user may select any of these 1/O resources
to use these as interface between the controller and the plant as per requirement.


https://www.dspace.com/en/inc/home/support/supvers.cfm

Once the model is ready, the next step is to generate the C code. From Simulink model, use

“Simulation => Configuration Parameters => Code Generation => Build” as shown in screenshot
below:
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C code is then automatically generated, compiled and linked by the Power PC processor in
DS1103. If there is any error during the build process, the user is notified through the “Diagnostic
Viewer” in MATLAB. Upon successful completion of the build process, the user is notified with

message “Make Process Succeeded” in the Diagnostic Viewer within MATLAB. Different phases
of code generation are shown in screenshots below:
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Fodel: “Buck_Hysteresis_StateFlow” (C:\Users\Davoudi\Desktop\MATLAS Files\Buck_Hysteresis_State Flow\Buck_Mysteresis_StateFlow.sdl)
using configurstion set : “Configuration®
% Warking directary i "Ci\Users\Davoudi\Desktop\MATLAD Files\Suck Hysteresiz_State Flow"
= Initializing code generstion
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@ ### Generating code Into build Folder: C:\Users\Davoudi\Desktop\ATLAB Flles\Buck Hysteresis_State Flow\Buck_ysteresis_StateFlow_rtil1es
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+ Optlenal User System Description File buck hysteresis_stateflow_use.sdf not available
Invoking Targat Language Compilar on Buck_Mysterdsis_StateFlow.rtw

Using System Target File: Ci\Program Files\dSPACE ACPHIL 2814-A\MATLAB\RTI\RTII@NTLOLREi1183.81c
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#8# Writing source file Buck_Hysteresis_Stateflow.c

Writing header file Buck_Hysteresis_StateFlou_private.h
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Writing header file rtwtypes.h
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a1 Writing header file rtmodel.n

wid hiriting saurce ile Buck_Hysteresis StateFlow data.c

22 Writing neacer File rt_noneinite.n

52 Writing source file rt_nonfinite.c

222 riting hesser file rt_gefines.n

48 Writing header file rtGetInf.h

Writing source file rtGetInf.c

Weiting header File rrGethan.h

TLC code generation complete.
Generating TLC interface APL

Generating file Buck Hysteresis Stateflow_rti.c

Generating file Buck_Hysteresis Stateflow rti.mk

Generating Variable Description File Buck_Hysteresis Stateflom.tre
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§ source file rtGethish.c
TLC code generation complete.

¥ Generating TLC interface APL.

Generating File Buck_Hysteresis_StateFlow_rti.c

*e% Generating file Buck_Mysteresis_Stateflow_rti.m

#** Generating Varisble Description file Buck Mysteresiz_Stateflow.trc

NOTE: The following optien in the Configurstion Parameters dialog has been
used:

optis
“Conditional input branch execution® On

This leads to code optimization in which blocks are not computed if their
outguts are not required in the sisulation step, for example, if their
output values are used as input for a Switch block and the Switch
curvently routes smother sipral. Uhen the corresponding autout siguls
are dizplayed in ControlDesk, their values are st

To ensure that the blocks are computed, turn of
“Conditional ingut branch execution® option and rebulld the model.

Founs User-Code File Buck tysteresis Statetlon usr.c from 10-0ct-2015 1014103
Foung User Makefile Buck_Hysteresis_Stateflow_usr.mk from 10-Oct-2015 10:41:03

*#+* Optional User Verisble Description File Buck Hysteresis_StateFlow_usr.trc not svailsble

Processing Tesplate Makefile: C:\Program Files\dSPACE RCPHIL 2014-A\MATLAB\RTI\RTI11€3\RTI\rti1103. taf

8 Buck_Hysteresis_StateFlow.mk which is generated from C: Vrearin F11es\ASPACE RCPHIL 2014-A\PATLAB\RTI\RTI1103\RTI\rt11103,te¢ s up to dat:

22 Builaing Buck_Hysteresis_StateFlow: "NDSPACE_ROOTR\Exe\dsma ¢ Buck_Hystenesis._Staterlov.sk  EXTHODE.STATIC ALLOC-® T EXTHODE_ TESTING=0 EXTIGOE STATIC_ALLOC_SIZE- 1609000 EXTAODE_TRARSPORT-0 NAT_FILE-D MCLIENT=+0PTION_DISABLED"
BUILDING APPLICATION "Buck_Mysteresis_Stateflow” (Single Timer Task  Roda)

WORK  DIRECTORY “C:\Users\Davoudi\Desktop\MATLAB Files\Buck Hysteresis State Flow"
BUILD DIRECTORY "C:\USers\Davoudi\Desktop\MATLAB Files\Buck_Hysteresis_State Flow\Buck_Hysteresis_StateFlow_rti1103"
TARGET COMPILER "C:\Program Files\asPACE RCPHIL 2014-A\Compiler\PPCTools™

COMPILING “Buck Mysteresis_Stateflow.c”
COMPILING “Buck_Hysteresis_Stateflow_data.c*

COMPILING “Buck_Hysteresis_Stateflow_tre_ptr.c"

CONPILING “rtGetInf.c*

CONPILING “rtGetMaN.c*

COMPILING “rt_nonfinite.c™
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LINKING APPLICATION ..

LINKING FINISHED

Ui AL ek _Hysteresis_StateFlow,sdf"

PLATFORM:
(#1] ds1103 - ALl Dsues serial nunber: 41467 (0)
[#2) ds1103 - RTLIB: wuo: ©)

[#3] 451163 - RTI: Initializing ... (720)

[84] 051103 - RTLIB SLVDSP: dSPACE firmeare rev. 3.4 Cetected. (500)
[95] 951103 - RTI: Initialization cospletes (721)

[26] 451103 - RTI: Sisulation state: RUN (709)

LOADING FINISHED

MAKE PROCESS SUCCEEDED
# Successful coapletion of Simulink Coder build procedure for model: Buck_Hysteresis_StateFlow
= Finisned ATI build procedure for model Buck_Hysteresis_StateFlow

@ Build process completed successfully

Resources Used from dSpace DS1103 System:

Using Real-time Interface (RTI), we can include the resources from these boards in SLSF
model. In our experiment, we have used following two resources of dSpace system using RTI in
Stateflow models.



1. For Data Flow from Plant to Controller: We have used multiplexed ADC (of Master Power
PC) to feed the voltage to the controller.

2. For Data Flow from Controller to Plant: The controller produces on/off pulses for the MOSFET
switch of the plant. The Boolean valued signal is fed to the Buck converter using the 1/0 channel
(of the Slave T1 DSP). The controller generates non-periodic pulses based on the hysteresis band.



