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Class Purpose

« Redesign the classic first course in microcontrollers
to use Simulink, and automatic code generation to
program microcontrollers.

* Open the world of microcontrollers to all fields of
study.
— Open to students of all technical disciplines
— Target non-Computer Engineering students

« Teach students the basic skills for using
microcontrollers and also give them some practical
applications like data collection, reading sensors,
and generating physical outputs.
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General Topics

* Electronics (Useful Circuits)
¢ Sensors

* Logic 2
* Number Systems and Data Types €4 -
» ADC and DAC e s
+ Communication Ports o AR
 Programming Methods |
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List of Laboratories

 Hello World!

« Counters, Digital Input, Stateflow, Truth
Tables

* Analog Input, Sensors, Triggered
Subsystems, and Lookup Tables

* Analog Output (PWM)

Sensors (12C)
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List of Laboratories

 Memory structures and memory types
— MATLAB structures (RAM)
— EEPROM (s-function)

* Collecting data using serial communication
with MATLAB.

» Collecting data using an SD card (SPI bus
 Motors =
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Course Format

« Two Credit Laboratory Course
« Elective

* Three 2-hour labs
 Hands-on Laboratory

« Students required to demonstrate all programs.
* No exams

* Lot's of work

 All work done on breadboard.

« Use breakout boards for the external circuits:
— Temp sensor, RTC, SD card reader, accelerometer.
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Parts List

« Arduino Mega 2560 R3 ($60)

 DC Motor, Servo Motor, Stepper Motor
 Serial port ($15)

« Serial Enabled LCD Display ($25)

« BMPO085 Pressure/Temp Sensor (12C) ($10)

« TC74 Temperature Sensor (12C) ($1.50)

« RTC Clock Module (12C) ($15)

* MicroSD Card reader and SD Card (SPI) ($15)
« Lamps (LED, incandescent), wire kit, breadboard
« Capacitors, thermistor, BJT

« Pushbuttons, potentiometers, resistors

« Stepper motor driver IC (L293)
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Counters

ARDUING
.—. mnr
Puke Gene ator Pin 12
Digital Cutput
ARDUING [ J C
T N e Ring Counter
Compare To Constant Fin 3

o « Up/Down Counter

1 -
come B 3 s « Variable Speed Counter

ARDUIND

o =2 I

U  Voltmeter

. ARDUIND . .
G com ) %mmm mnn LOQIC
o o — Simulink Counter
=E » LI
oo [3_tne_ — Stateflow Counter

ARDUING

[ nn — Memory Block Counter
i — Basic Logic Blocks

=,=_B| R J_LI,‘;FI{_DUIND
CEE I s — Truth Table Decoder
- J@D — , J_PI;I;;FI{_DUIND
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Truth Tables

File Edit Settings Add Help

BE | "thE > ~ B ER 4+
" 1 O A LM e
Description Condition D1|D2|D2|D4| D5\ De| DY) DE| DO
1 ICDunt iz zero. ICount==0 T F F F F F F F -
2 ICDu.nt is one. ICount==1 F T F F F F F F -
3 ICDunt iz two. Count==2 F F T F F F F F -
4 ICDunt iz three. ICount==3 F F F T F F F F -
5 ICDunt is four. Count==4 F F F F St F F F -
& ICDunt iz fiwve. ICount==5 F F F F F T F F -
7 ICDunt iz =zix. ICount==4 F F F F F F T F -
8 ICDUIll'. iz sewven. Count==7 F F F F F F F T -
Botions: Specify a row
from the Action Table 1 2 3 4 5 & 7 =] 1

Action Table

10

# Description Action

1 [Light up bit O. BitO0=1;Bitl=0;Bit2=0;Bit3=0;Bit4=0;Bit5=0;Bit6=0;Bit7=0;

5 [Light up Bit 1. Bit0=0;Bitl=1;Bit2=0;Bit3=0;Bit4=0;Bit5=0;Bit6=0;BitT7=0;

3 [Light up Bit 2. BitO=0;Bitl=0;Bit2=1;Bit3=0;Bitd=0;Bit5=0;Bité=0;BitT=0;

4 [Light up Bit 3. Bit0=0;Bitl=0;Bit2=0;Bit3=1;Bit4=0;Bit5=0;Bit6=0;Bit7=0;

5 [Light up Bit 4. Bit0=0;Bitl=0;Bit2=0;Bit3=0;Bit4=1;Bit5=0;Bit6=0;BitT7=0;

g [Light up Bit S. Bit0=0;Bitl=0;Bit2=0;Bit3=0;Bit4=0;Bit5=1;Bit6=0;Bit7=0;

7 [Light up Bit 6. Bit0=0;Bitl=0;Bit2=0;Bit3=0;Bit4=0;Bit5=0;Bit6=1;Bit7=0; |
g [Light up Bit 7. Bit0=0;Bitl=0;Bit2=0;Bit3=0;Bit4=0;Bit5=0;Bit6=0;BitT=1; ME‘HULMHH
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Lookup Tables
Integrators,
Data Type Conversion,

State Machines

ARDUIND
FAVAN

Fin 1

Analog Input

double

1-D Ti)

Data Type Conversicn

1-D Lockup Table

E
. z1

Product

Dis orete-Time Integrator

Ramp_In % Mult

Chart1

Chart

Pulse Generator

ARDUING

I

Pin 12

Digital Output

BitD

11

Biti

ARDUIND

I'ul

Fin 9

Digital Output1

Bit2

ARDUIND

I'ul

Fin &

Digital Output2

¥

ARDUIND

I'ul

Fin 7

Digitsl Output3

ARDUING

Il

Pin &

Digitsl Output4

Bit4

ARDUING

Il

Pin 5

Digital Outputs

ARDUING

Il

Fin 4

Digital Qutput

@
53

ARDUING

Il

Fin 2

Digital Output?

BitT

Truth Table

ARDUINO

Il

Fin2

Digital Outputs
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State Machine Logic

State_00
en: State = 0;

Die Roll Counter / Tone
Frequency Calculator
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(Select )

[Resat==1]

Samplet Sample2
-] en:Sample=0; _|en:Sample=1;

[Count<Rolls]

en: Duration=0;
en: Frequency=0;
en:Sample=0;

[Start==1]

ex: Delay=Rolls+1;

\  after(50,Clock)

Sample
en:Sample=1;

[Count>=Rolls]

2
72
1

Init1

en: P=1;

en: Count=Count+1;
en: Delay=Delay-1;

en: Frequency=(Rolls-Count);
en: Duration=15*Count/Rolls;

after(Count,Clock)

- en: State = 1;

[sW==0]

e a0
State_01
en: State = 1;

[SW==0]

State_02
~— [sW==1]

State_04
| en: State =2;

|

[SW==1]

State_03
en: State = 2;

[SW==0]

Pushbutton Selector Switch
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Triggered Subsystems

UL l
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Pulse Generator ARDUINO
outt W Tl
Edge Trigger to Function Trigger Pulse Generator Pin 8

for LED Digital Output

LED Flasher

A 4 — A 4
Trigger() rigger()
Temperature_C p| Temp_C
Read Temperature Sensor LCD Display
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12C Temperature Sensor

f0)
Trigger

I |
TC74_Temp_Sensor_Read_Sfunc Temp_Ct— double

Temperature_C

Data T C i
S-Function Builder aa lype Lonversion

S 5 uncion sEEE RO e S Frcior S

rParameters

S-function name: TC74_Temp_Sensor_Read_Sfunc

S-function parameters

Name Data type

e Initialization | Data Propertiesl Libraries| Outputs ‘ Continuous Derivatives | Discrete Updatel Build Info‘

Code description
Enter your C-code or call your algorithm. If available, discrete and continuous states should be referenced as,
*D[0]. D n], ®xC[0]..xCn] respectively. Input ports, output ports and parameters should be referenced using the
symbiols specified in the Data Properties. These references appear directly in the generated S-function.

/* wait until after initialization is done */
if (xD[0]!=0) {

/*¥ don't do anything for mex file generation */
ifndef MATLAB MEX FILE

Temp C[0]=sensor.read():;

=+ :"".'1"

}
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MATLAB Functions

| ARDUINO
[254, hex2dec(01")] |—>

—| » uint8 > @
@—b Cc ‘ F | Number_In ‘ Output_String g
Temp_C C_to_F sprintf Vector Concatenate Data Type Conversion7 Port 1

MATLAB Function1 Serial Transmit

MATLAB Function

- Block: Lab6_Modell, play/MATLAB Function

FEJ i g Gt e meert B fx 1l ~ \E/ - ) 4 GoTo Diagram (3) Simulation Target @

.. Compare v Comment % & %3 P GoTo ¥ 7
"evw o?" sive =i Print v Indent SR (\Find ¥ - m ml M-nm R L <g ViewReport ":h
FILE EDIT NAVIGATE BREAKPOINTS RUN SIMULINK
& s [ (® & mBsD0 &g LabX [A] Nano [A] Android [A] NTX [A] Piano
il [function Output_String = sprintf (Number In) o
2 % This block supports an embeddable subset of the MATLAB language.
3 % See the help menu for details.
4
5 %% Allocate Storage
6
i lenMax = 32; % Maximum string length including null padding.
8 - data_array = ones(1l,lenMax, 'uint8').*32;
9 - Output String = ones(lenMax,1, 'uint8').*32;
10
11 %%
12— coder.ceval ('sprintf', coder.wref (data_ array),coder.opaque('const char *','"The temperature is: %4.1f F. "') ,Number 1In);
13
14 - data_array(data_array==0)=32;
15— Output_String=data array(l:lenMax)';
16
1 end
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Drinking Bird Controller
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Random Dice
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Music Player
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Software Requirements

« MATLAB and Simulink Student Suite
— MATLAB
— Simulink
— Control System Toolbox
— Signal Processing Toolbox

« Additional tools
— Stateflow
— Arduino Support Package
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Lessons Learned
« Non-computer engineers can get a quick start easily.

— Tool chain is simple
— Communication with target is simple

« Using Simulink to program an Arduino has a much
easier learning curve than using C.
— Programming basic functions, complex look-up tables, and
state machines are greatly simplified.
« Students can quickly get to the point where they can
Implement non-trivial algorithms on a microcontroller
with a high degree of functionality.

— Non-computer engineers would have difficulty getting to this
point if they were using C.
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Contact Information

 Marc E. Herniter
—(812) 249-0159
— Marc.Herniter@ieee.org
— http://wiki.ece.rose-hulman.edu/herniter

e Course Information

— http://wiki.ece.rose-
hulman.edu/herniter/index.php/Instrumentatio
n and Microcontrollers using Automatic Co
de Generation

— Lab Manual, Downloads, Datasheets
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Questions?

STM-5

W 94V-0

FEC 1D QUR-XBE
1C: 4214A-XBEI
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