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Abstract

Programmable hardware has been used widely in the recent years due it is great
benefits and uses. This report is going to give an introduction about MBED device,
application to use it, software libraries and discussion for the procedure was followed
to do them and a conclusion about the experiments.
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1. Introduction

1.1 What is MBED?

MBED is a board contains ARM microcontroller. This board can do many things such
as communication and storing data, also, it connected to many components such as
LEDs and potentiometer. MBED has it is software which allow the user to write a
code to control these components. So it gives you the ability to build your project
from the scratch.

Figure 1.1.1 MBED

1.2 Prototyping MBED

MBED allows you to write a code on top of MBED OS very quickly and this code

can work on any other board. The MBED software looks like the next picture:

Foe Ednt View Project Flash Debug Pernipherats Tools SVCS Window Help

= = = | e x x | @ 130
S5 55 3% | mbedrorir17es PO .|
Project | L= Bulla (F7) s &=

| p— Sulia target Tiles |-
| B = R

|

e "mbed.h"”
4 SIc

= - [3) meincpp DigitalOut myled (LED1);

anTt main() {
while (1)
myled =
wait | )z
myled =
10 wait | )2

00~J.ﬁLNAUNtJl:

i
)
g

Build target *mabed )

1232 RC—data—232 RW-date—20 ZI-data—28
: fromelf -—-bin -o build\firstProgram LPC1768.bain build\fi:
\firstProgram.axf® - 0 Erxror(s), 0 Warning(s).

I
|
!
!
!
!

- m »

Build target files

Figure 1.2.1 MBED software



1.3 MBED pins

MBED has analog pins to read external voltage, and digital pins for the digital unputs

and outputs.

The following figure shows the mbed microcontroller pins:
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Figure 1.3.1 MBED pins
1.4 Combinational and sequential logic

Both sequential and combinational logic are types of digital circuits. Combinational
logic is used for Boolean algebra and have no memory, while the sequential logic
used for building finite state machines and have memory to help in building them.
Combinational circuits output depends only on the present input but sequential

circuits output depends on the present input and past input.
1.5 ADC

Analog to digital converter are systems used very widely because of they are helpful
in many applications. These systems take analog signal input and converted to digital
output by passing it in several stages. The stages are sampling which means
converting the input signal into numbers based on the voltage value. The sampling
will follow the nygest theorem. The second stage is quntitization to assign a digital

value for the samples.



1.6 DAC

Digital to analog converter is the oppose of ADC, it takes a digital input then
converted to analog output. The stages differ from DAC. Many applications DAC can
be used in like music players and military radar systems.

1.7 Timers, Tickers, Timeout and Interrupts

The Timer interface is used to create, start, stop and read a timer for measuring small
times (between microseconds and seconds). Any number of Timer objects can be
created, and can be started and stopped independently.

The Interruptin interface is used to trigger an event when a digital input pin changes.

The Ticker interface is used to setup a recurring interrupt to repeatedly call a function
at a specified rate. Any number of Ticker objects can be created, allowing multiple
outstanding interrupts at the same time. The function can be a static function, or a
member function of a particular object.

The Timeout interface is used to setup an interrupt to call a function after a specified
delay. Any number of Timeout objects can be created, allowing multiple outstanding
interrupts at the same time.


https://en.wikipedia.org/wiki/Radar
https://developer.mbed.org/handbook/DigitalIn

2. Procedure and discussion

2.1 LED lighting

We started with this simple program to get familiar with MBED device and its
software. We wrote the given program in the experiment, as follow:

main.opp x

#include "mbed.h"™
DigitalOut myled (LED1) ;

int main() { myledmode(PullUp);

while(l) {
myled = 1;
wait(0.2):
myled = 0;

wait(0.2);

Figure 2.1.1 Code

When we ran the programm the LED1 on the MBED lighted, as in the following
picture:
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Figure 2.1.2 LED1 light

After that, we wrote a code to light the four LEDs. The code as following:



finclude "mbed.h"™

DigitalCut myledl (LED1) :
DigitalCut myled2 (LED2) :
DigitalOut myled3 (LED3) ;
DigitalCut myled4qd (LED4):

int main()
=K
(i]whilt-.( ) 4
myledl= ;
wait( ) :
myledl=0;
wait( ):
myled2-_;
wait( ) I
myled2=0;
17 wait( ) I

myled3=_;

waic( : B
myled3=0;
wait( 32

2% myledd=_;

25 wait( ' -
2e myledd=0;
2 waitc|( 2) >
2€ )
2% )
Figure 2.1.3 Code

2.2 Serial communication via USB

In this part we used the TeraTerm program to make serial communication with the
computer. We wrote the given code into MBED software and opened TeraTerm on
the computer to see the communication. The following photos show the code, MBED
connection and TeraTerm screen in order:

Serial pc(USBTX, USBRX)
int main()
int i=
pc.baud ( ) ¢
pe.printf( )i A
whila(1l) { Z
pc.printf ("% n", 1),
14+
wait (1.0); |
Figure 2.2.1 Code



Figure 2.2.2 MBED connection

TeraTerm output:
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Figure 2.2.3 TeraTerm screen

2.3 Text LCD — Hello World !

In this part we showed "Hello World!" on the LCD connected with the MDEB, using
the given code and pins number to connect. The following photos show the code and
the output in order:

4] maincpp 0
1 #imcluds "mbed.h"
¢ #inolude "TextlCD.hR"
I'] TaxtLCh Lediple, pl7, plé, pis, pdd, plij: v = dé
4 int main() {
! Lid . prantl("hells wWerld!\a®):
fi

Figure 2.3.1 Code




2.4 TODO

Figure 2.3.2 Output

In this TODO we want to display 1 on the LCD which will turn the LED1 on and 0
which will turn the LED1 off. We wrote the following code:
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E-E5 sre 02 #include "TextLCD.h"
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LMT75E.cpp 04 Serial pc(USBTX, USBRX):
TedtLCD.cpp .gg Iegt_;Lr_:]é icc;sépzsi Eztzéngfe, p25, D24, P23):// rs, =, d4-d7
igita. m? e ;
[#1 QEl.cpp a7 ¢ ¥
Bos  int main() {
09 int ¢ =0;
10 while (1)1
11 if (pc.readable())
12 {
13 c = pc.getc():
14 if(c=='0") {
15 myled = 07
185 led.printf ("0 is recived\n"); }
17 if (c =='1")}{
18
19, myled = 1;
20 led.printf ("1 is recivedi\n™): }
21
22 13
23 )
&=l Project | @¥Books | £} Functions | (), Templates <1 | _'l—l

Unknown Target

Build Output L = |
LM75B/LMT75B.h: - ~
IM75E/LMTEE.h: LMT7S5E/LM75E.cpp: 1 warning, 0 errors
compiling TextLCD.cpp...
compiling QEIL.cpp...
linking...
Program Size: Code=12106 RO-data=1330 EW-data=56 ZI-data=6&28
User command #1: fromelf —-bin -o build\Lab_LPC1768.bin build\Lab.axf
" . \build\Lab.axf" - 0 Error(s), 2 Warning(s).
)

Figure 2.4.1 Code




Figure 2.4.2 Output

2.5 Combinatorial equation

In this part we wrote a code for the combinational equation:

X =/ab.c+a./b./cd+a.cd

The code:

Hinclade "mbed.h™

BusIn inputs{pS5,p&.p7.p9):

BusOut outputs (LED1,LEDZ,LED3I,LEDS) -

DigitalIn a{(p5) . b({(p&) . . ci(p7) . . d{p2)

Jwoid main() {
int I,0;

Jwhile (1) {

a.mode (PullUp) 2
mode (PullUp) »
mode (Pulllg)
mode (PullUp) »

oLon o

I=inputs; C=0;

IE(((I&7)==C) Il ((I&7)==1)}))
O=1:
IE(((Iy=22) Il ((Z}=21}))
o=0]2:
iIf(((I&=)=="_)
o=0=;
If(((I&IC)==2) || ((I&1LZ)===))
C=0C|=:
outputs=0;
-1}
2.5.1 Code



We pressed different buttons to make the equation true and these are different ouputs:
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Figure 2.5.2 Output



2.6 Combintional logic

Using Busin and BusOut classes, and the successive evaluation method, we wrote a
code to solve the following equations:

¥ = fabc + a/bfc

¥ = abcd + fa/bfcd
I =ajc
T =/bd+c/d

The code:

#Finclude "mbed.h™
#include "TextLCD.h™

BusIn inputs (pS,.p6,p7.p16) 7
DigitalOut myled (LED2) -
DigitalIn a {p5)

Digitalln a (oe) -

DigitallIn a (B7)

DigitalIn a (pl6) -

imt o7
imt maind) {

mode (PallTp) f
~mode (PallUp) -
.mode (PullTp) -
.mode (PullTp) -

onongw

dwhile (1) {

if{f(n& T=xO7T)y = D=IE) 11 ({m & CO=xOEf) =—— CO=DOZ) 11 (({m & CO=0O4d) =—— CO=Od) )
{myled=_:}
=else {
myl ed=0 T
)
A photo for the output:

Figure 2.6.1 output
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2.7 Sequential system : state machine

Here we wrote a program to describe the following state machine, the output on the
LCD is the state we are in. The following photos show the state machine digram, the
code and the output:

e
/a+tL:;/!Ii.L€rﬂ:

@, @z
a./b./c ‘K a.b./c a.b.c./d

Figure 2.7.1 state machine

#include "mbed.h™
#include "TextLCD.h"

TextLCD lcd(p28,p27,p26,p25,p24,p23)
Bu=sIn input (p5,pé6,p7,p9):;

Bu=Cut outputs(LED1,LEDZ,LED3,LED4) ;
DigitalIn a(p3) . b(p6),c(p7) . .d(p9?);

int i;

int 5T=0;
int Cutput:;
int main()

=R

mode (Pulllp)
eode (Pulllp)
.mode (Pulllp)
Jnode (PullUp)

[ T 6 1

while ()

E{ i=input:

switch (5T)

=

case D:0utput=1: [/ led
IE(((i&1)=0) || ((i&5)=—2) 5T=1;
led.princf("%d “n",5T)
break;

case 2:0utput=12;
iE((({i&7)=2)) 5T=2;
led.princf("%d “n",5T)
break;

11



case _:0utput=3; //led
iE(({(i&7)=1)) ST=2:
lcd.princf("%d “n",5T):
break;

case Z:0utput=7; //led
iE(({(i&3)==0")) ST=::
lcd.princf("%d “n",5T):
break;

case 4:0utput=0; //led
if(((i&1)==")) ST=_:
if(({(i&%)==1)) ST==:
led.printf("%d “n",5T)
break:

case S:0utput=15; //led
iE(({(i& 5)==7)) ST=0:
led.printf("%d “n",5T)
break:

-}

Loutputs=Cutput; }}

Figure 2.7.2 Code

Figure 2.7.3 Output
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2.8 Reading an Analog Input

In this part we will connect MBED with a potentiometer, we just needed to know
which pin the MBED is connected with the potentiometer to fill the given code:

Program wnitten using C++ for mbed LPC 11124 board else iIf (¢<0.3)

. Analog mput given at GPIO19 { ledout = 2, )

Output seen at all 4 onboard LEDs else if (¢<0.4)

{ ledont = 3; )
#uciude "mbed h" else it (¢« 0 5)
BusOut ledout(LEDI, LED2. LED3, LEDA), { ledout = 4, )
Amalogln am(pl9), else if (¢<0.6)

{ ledout = §. H
ant oo ) else 1f (¢<0.7)

{ { ledout = 6; )
float ¢ = am read(). else if (¢<0.8)
while(1)! { ledout = 7, }

= am read(): else if (¢<0.9)
if(c<0.1) ] ledout = 8. )
ledout = 0; ) else if (¢<1.0)

clse if (¢<0.2) { ledout = 9, }

ledout = |: } 1H
Figure 2.8.1 Code

The output was as the following:

&‘ L}l-ltl'l‘[a ; '!:'!' -

-

Figure 2.8.2 Output

2.9 Using Timeout interface

In this part we loaded the given code in the experiment which make an interrupt and
this interrupt will switch the LED sate after a delay. The following is the code and the
output:

13



finclude "mbed_h™
Timeout f£lipper;
DigitzlCut l=dl (LED1) ;
DigitalCut ledZ (LEDZ) ;

woid flip() {

ledZ = lledZ;
}
int maini} {

ledZ = 1;

flipper._.attach{&flip, 2.01; // setup flipper t

o call flip after 2 seconds

/4 spin in a main loop. flipper will interrupt
it to call flip
while (1) {
ledl = !ledl;
wait (0.2);

Figure 2.9.1 Code

Figure 2.9.2 Output
2.10 Using Ticker interface

In this part we used ticker instead of timer to switch the LED state. The ticker calls
the function repeatedly. The following is the code:

Finclud=s "mkaed _h'™
Ticker flipper;
DigitalCutr l=adl (LED1D -
DigitalOur ladZ (LEDZ) -
wrodid £1lip ()

LTedz = 11 =daz -

3
int mmainil {

ledz2 = 1-;

Flipper _attach{&sflip, Z2_01:; /5 the address of
the function to be attached (Flip) and the imterwvwa
1 {2 seconrds)

F4 sSpin dm a main loop. £lipper will interzuct

it To —o=11 f£fligp

while (L) |

ledl = fledlr
wait (D2 7
¥

Figure 2.10.1 Code
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Figure 2.10.2 Output

2.11 External interrupts on the mbed

Here we will use mbed Interruptin library to toggle an LED when the pushbutton is
high. The following is the code and the output:

finclude= "mhed_ h"

Interroptln bustoni(psSl; f/ Int=rrupt on
digital pu=shbutton input pS

DigitalOut ledi (LED1l}; // digital ocut to
LEDI

roid toggle{veid); /S function prosotype
int mainl() {

button.ri=={Ltoggle]} ; FF attach the=
addres= pf tha toggl=

PSS

function to the rising =dge

woid toggl=(} {

l=dl=11=d1;

1

Figure 2.11.1 Code

The output:
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Figure 2.11.2 output

2.12 Using Timer Object

In this part we are going to generate square wave signal using MBED with duty cycle
=0.5.

The following photos will show the code, connection and the output in order:

e BRei@lecoa

Figure 2.12.1 Code
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The connection:

The output signal:

Figure 2.12.3 The output

2.13 TODO

This part is the same as the previous one but with different duty cycle. The new duty
cycle is 0.3 so we changed aout=0.3. The output:

Figure 2.13.1 output
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3. Conclusion

MBED can be used to build many useful applications because it is a programmable
device, connected to many components and can be connected with many devices.

The experiments were easy and simple. No problems faced us in them,
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