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Arduino — Programmierpraxis: Messwerterfassung

Arbeitsanregungen zum Erfassen und Auswerten von Sensor-Messwerten

Insbesondere der Losung von
Aufgabe 1) wird die bereits
mehrfach verwendete ,Ampel-
schaltung” (vgl. Abbildung) mit

eingebautem Photowiderstand

zu Grunde gelegt.

Aufgabe 1)

a) ..vgl. Losungen zu den Aufgaben 4) bis 6) der Datei ST_AA_08Arduino_Verzweigungen:

//3ensor management

int senscrValue;

int senscrlow = 1023;

int senscrHigh = 07

S/LEDs intended for signalling
int greenledPin = 3;

int yellowLedPin = 5;

int redLedPin = 10;

ffarray to store sensor values

int datalkrray[l00]:
int index: vold printIntirrayTakle (int wallArray[],int dim) |

int index;

viold calibratePhotoResistor() {

sensorvValus = analogRead(an); index = 07
if(sensorValue > sensorHigh){ Serial.println{™");
gensorHigh = sensorValue: while (index < dim){
} if((index % 10) < 9)
if {sensorValus < sensorLow) | serial.print (valArray[index]):
sensorlow = sensocrValue; Serial.print{™ "};
} }
} elae]
Serial.println{valirray[index]):
}
index = index + 1;
}
Serial.println(™"):
}
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viold setup() |
Serial.begin{9e00);
pinMode {(yellowledPin, OUTEUT);
pinMode (greenledPin, CQUTFUOT) »
pinMode (redLedPin, CUTEUT):
digitalWrite (greenledPin, LOW):
digitalWrite (redLedPin, LOW);
//calibrate PhotoResistor
fflighting the yellow LED to
//indicate sensor calibration
digitalWrite {yellowledPin, HIGH):
while(millis({) < S000){
calibratePhotoResistor () s
1
digitalWrite (yellowledPin, LOHW);
Serial.print{"senscr low: ");
Serial.println{sensorlow) ;
Serial.print{™senscr high: "):
Serial.println({sensorHigh);
index = 07
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void loop() |

f/collecting data

if{index < 100} |
F/flighting the green LED
fito indicate cata collection
digitalWrite (greenledPin, HIGH) ;
gsensorvValue = analogRead(fAl);
datalkrray[index] = sensocrValue;
index = index + 1:
delay (100} ;

1

//data output

else]
digitalWrite (greenledPin, LOW) ;
printInthrraylable (datalrray, 100}

Serial.println{™\n™);

de=lay (10000}

index = 0; //to trigger new meEasurement
Serial.println{™ ");

1

b) Ergdnzung der Losung aus Aufgabenteil a) um die Frage-Programmbldcke:

long frageIntArrSum{int wvallrray([],

int index;
long antwort;

index = 0;
antwort = 0;
while{index < dim){

int dimj {

antwort = antwort + vallrray[index]:

index = index + 1;

1

return antworty;

float fragelnthrrMean{int vallrrav([],

long sum;
float antwort;

antwort = 0;

sum = fragelntArrSum{valArray,dim);

antwort = sum/ {(flcat)dim;
return antwort:
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...und Modifikation des 1oop-Programmblocks:

volid loop() {
long sum;
float mean;

f/collecting data

if{index < 100} {
S/lighting the green LED
S/to indicate cata collection
digitalWrite {greenledPin, HIGH) ;
sensorValue = analogBsad(ni);
datahArray[index] = sensorWValue;
index = index + 1;
delay (100);

}

f/data output

else{
digitalWrite (greenledPin, LOW) ;
sum = fragelInthArrSum{datakrray,l00):

mean = frageIntArrHEﬂn[dataﬂrray,lﬂﬂjﬂ

printIntirraylable (datalhrray, 100} ;

1
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Serial.println{™\n");
Serial.print({"sum: "):
Serial.println{sum) ;

Serial.print ("mean: ")
Serial.println[mean]ﬂ

delay (10000} ;

index = 0; //to trigger new measurement
Serial.println{™ "}):

Zusatz (1) — Modifikationen zur Steuerung der Ausgabe am seriellen Monitor tber den Druck-

knopfschalter:

//3ensor management

int senscrValue;

int sensorlow = 1023;

int sensorHigh = 0;

S/LEDs intended for signalling
int greenledPin = 3;

int yellowLedPin = 5;

int redLedPFin = 10;

J/push button management

int buttonPin = 2;

int switchState = Uﬂ

f/farray to store sensor values
int databrray[100];

int index;

Informatikwerkstatt.aau.at

ST_LO_11Arduino_Praxis_Messwerterfassung

wvold loop() |

long sum;
float mean;

ffcollecting data

if{index < 100} {
S Flighting the green LED
/fto indicate cata collection
digitalWrite {(greenlLedPin, HIGH) ;
sensorValue = analogRead(RA0);
datalrrav[index] = senscrValue;
index = index + 1;
delay (100) 7

}

//data output

else]
digitalWrite {greenledPin, LOW) ;
switchState = digitalBead{buttonPin);
if(switchState == 1} ]

sum = fragelntArrSum({datalhrray, l00);
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index = 0; //to trigger new MEaSUTremeENnt
Serial.println(™ ")r

i

Zusatz (2) — Leuchtdioden als Anzeige der

GroRe gemessener Werte:

J/sensor management

int sensorValue: void setup{) {

int sensorlow = 10237 Serial.begin(9600);

int sensorfigh = 07 pinMode (yellowLedPin, OUTEUT);
int sensorRange = 0F pinMode (greenledPin, CUTEUT);
FfLEDa intended for signalling pinMods (redLedPin, OUTEUT):

int greenledPin = 3;
int yellowLedPin = 5;
int redATedAPin = 1MN=

digitalWrite (greenledPin, LOW):
digitalWrite (redLedPin, LOW):
f/calibrate PhotoBResistor
f/lighting the yellow LED to
f/indicate sensor calibration
digitalWrite (yvellowledPin, HIGH);
while(millis({) < S000){
calibratePhotoResistor() s

}
vold leoop() | digitalWrites(yvellowLedPin, LOW):
long sum; Serial.print("sensor low: ");
float mean; Serial.println{sensorLow);
Serial.print{"senscr high: ");:
ffcollecting data Serial.println{sensorHigh);
if{index < 100){ sensorBange = sensorHigh - aensorLow;
Sflighting the green LED switchState = 0;
J/to indicate cata cocllecticon index = 07
digitalWrite (greenledPin, HIGH]) ; }

sensorvalue = analogRead{il)r
if (senscrValue > genscorlow + 2%sensorRange/3) {
digitalWrite (greenledPin, LOW) ;
digitalWrite (redLedPin, HIGH) ;
}
ElﬂE”
if {sensorValue > senscrlow + sensorBRange/3) {
digitalWrite (greenledPin, LOW) ;
digitalWrite (yellowLedPin, HIGH) ;
1
i
datahrray[index] = sensocrvValue;
index = index + 1;
d=lay {100}
digitalWrite (redLedPin, LOW)
digitalWrite (yellowledPin, LOW) ;
digitalWrite (greenledPin, HIGH) ;
1
Jf/data output

alasl
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c) Erganzung der Losung aus Aufgabenteil b) um den Frage-Programmblock:

int fragelnthrrMinVal (int wallrray[], int dim){
int index;
int antwort;

antwort = vallArravy[0]:
index = 1; /7 !!
while {index < dim) {
if (wallrray[index] < antwort) |
antwort = vallrray[index];

1

index = index + 1;
}
return antwort;

...und Modifikation des 1oop-Programmblocks:

vold loop() {
long sum;
float mean;
int minVal;|

S/feollecting data

if{index < 100){
S/lighting the green LED
f/to indicate cata collection
digitalWrite (greenledPin, HIGH)
sensorValue = analogRead (A0) »

S /data output
glae]
digitalWrite {greenledPin, LOW) ;
switchState = digitalBead{buttonPin):
if {switchState == 1)
sum = fragelnthirrSum{datalkrray,l100);
mean = fragelntArrMean (datalkrray,100);
minvVal = frageIntArrHinVal[dataﬂrray,lﬂﬂlﬂ
printInthrraylable (datalrray, 100} ;

W LU ol i |y
Serial.print{"mean: ");
Serial.println(mean)

Serial .print{"minimum value: "):
Serial.println{minval) ;|

d=lay (10000} 7

index = 0; //to trigger new measurement
Serial.println{™ "}):
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d) Ergadnzung der Losung aus Aufgabenteil b) um den Frage-Programmblock:

int fragelntArrMaxVal (int wallrray([], int dim){
int index;
int antwort;

antwort = valArray[0]:
index = 1; 7/ !!
while {index < dim){
if(vallArray[index] > antwort) |
antwort = wvallrray[index];
}

index = index + 1;

1

FETUrn antwort;

... und Modifikation des 1oop-Programmblocks:

volid loop() {
long sum;
float mean;
int minVal;
int maﬁ?hlﬂ

S/focollecting data

if{index < 100){
SSlighting the green LED
f/to indicate cata collection
digitalWrite (greenledPin, HIGH) ;
sensorValue = analogRead (A0);

S/data output
elae]
digitalWrite {greenledPin, LOW)
switchState = digitalRsad({buttonPin);
if {switchState == 1)
sum = fragelntArrSum(datairray,l00);
mean = fragelntirrMean (databhrray,l100);
fragelnthrrMinVal (datalrray, 100)
frageIntArrHaxval[dataﬂrra?,lﬂﬂlﬂ

minvVal
maxval

P e

Serial.println{minVal};

Serial.print ("maximim wvalue: ");
Serial.println[maﬁ?hl]ﬂ

delav (10000 ;

index = 0; //to trigger new measurement
Serial.println{™ ");
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Aufgabe 2)

a) Mogliche Modifika-
tion der ,Ampel-

schaltung”  durch

Hinzuflgen des
TMP36-Tempera-
tursensors (m1

Signalleitung  am
analogen Kontakt
Al):

IO R

‘ NI 907YNY

...und Anpassung des Programmcodes:

//3ensor management

int sensorValue;

S/LEDs intended for signalling
int greenledPin = 3;

int yellowlLedPin = 5;

int redLedPin = 10:

S/push button management

int buttonPin = 2;

int switchState = 0;

f/array to store sensor values
int datahkrray[l00];

int index;

viold setup() |
Serial.begin(9600);
pinMods (yellowledPin, COUIPUT);
pinMods (greenledPin, COUTFUT)
pinMode (FredledPin, OUTEUT);
digitalWrite {greenledPin, LOW);
digitalWrite (redLedPin, LOW):
digitalWrite (yellowLedPin, LOW);
switchState = 0;
index = 05

CC BY-NC-SA 4.0 Informatik-Werkstatt AAU 2022
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viold loop() {
float woltage;
float tempCﬂ
long sum;
float mean;
int minVal;
int maxVal;

f/collecting data
if{index < 100} |
F/flighting the green LED
fito indicate cata collection
digitalWrite (greenledPin, HIGH) ;
gensorvValue = analogRead(Al):;
voltage = (3enacrValue/1024.0)*5.0;
tempC = (voltage - 0.5008)*100;]
if{tempC < 15){
digitalWrite (greenledPin, LOW) 7
digitalWrite (yellowledPin, HIGH) ;
}
ElﬂE”
if {tempC > 25)]
digitalWrite (greenledPin, LOW) ;
digitalWrite (redledPin, HIGH) ;
1
i
datalkrray[index] = templ;
index = index + 1;
AsTaw {1004 =
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b) Mogliche Modifika-

tion der ,Ampel-
schaltung”  durch
Hinzufligen des HC-
SRO4-Ultraschall-
sensors (mit Trig-
ger-Output am digi-
talen Kontakt 8 239 Jge
bzw. Echo-Input am m—— 0 ¢ S=gi=iS ¥ v ||
digitalen  Kontakt pRuTIE D -ﬁ@ .
9): )
CEmmm—— .o L .o
o o L o R )
__‘ZII:—:’&IZZ oo
¢ GEEEEEED ¢ ¢ o L) L)
...und Anpassung des Programmcodes:
//3enscr management
int triggerPin = 8;
int echoPin =%;
S/LEDs intended for signalling
int greenledPin = 3;
int yellowLedPin = 57
int redlLedPin = 10;
S/push button management
int buttonPin = 2;
int switchState = 0;
f/array to store sensor values
int datakrray[l00];
int index;
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viold setup() |
Serial.begin(9600);
pinMode (triggerPin, OUTEUT)
pinMods (echoPin, INEUT) |
pinMods {yellowledPin, COUTPUT):
pinMode {greenledPin, COUTPUT):
pinMode {redLedPin, OUTEUT):
digitalWrite (greenledPin, LOW);
digitalWrite (redLedPin, LOW):
digitalWrite (yvellowledPin, LOW):
switchState = 07

volid loop() {
long timePassed:
float distanceﬂ
long sumy
flocat meany
int minVal;
int maxVal;

ffoollecting data
if{index < 100){
fflighting the green LED
f/to indicate cata collection
digitalWrite (greenledPin, HIGH) ;
digitalWrite (triggerPin, LOW) ;
delav(5):
digitalWrite (triggerPin, HIGH) ;
delay (10} 7
digitalWrite (triggerPin, LOW) ;
timePassed = pulseln(echoPin, HIGH) ;
distance = timePassed*U.UEéEE!Zﬂ

ndex = 0p

if {distance < 100)
digitalWrite (greenledPin, LOW) ;
digitalWrite (yellowLedPin, HIGH) ;
}
elae]
if{distance > 200){
digitalWrite {greenledPin, LOW)
digitalWrite {redledPin, HIGH) »

}

if{distance <= 255){
databrray[index] = distance;
index = index + 1;
delav (100} ;

}

digitalWrite (redLedPin, LOW) ;

digitalWrite (yellowledPin, LOW)

digitalWrite (greenledPin, HIGH) ;

1
[/ /data output
elae]
digitalWrite (greenledPin, LOW) ;
switchState = digitalBesad{buttonPin):;
if{(switch3itate == 1){
sum = fragelntirrSum{datalrray,l00)
mean = fragelntirrMean {datalkrray, 100)

CC BY-NC-SA 4.0 Informatik-Werkstatt AAU 2022
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c)

Variablen (vgl. Losung zu Aufga-
benteil a)), Neucodierung der
Berechnungsformel fiir den Wert

der Variablen distance:

Arbeitsanregungen zum Codieren und Verwenden von Programmbibliotheken

Aufgabe 3)

ST_Schaltungstechnik

f/focollecting data
if{index < 100}

S/lighting the green LED

f/to indicate cata collection
digitalWrite (greenledPin, HIGH) ;
sensorValue = analogBead(il);
voltage = (senscrValue/1024.0)*%*5.0;
tempC = (woltage - 0.5008)*100;
digitalWrite (triggerPin, LOW) ;
delav(5);

digitalWrite (triggerPin, HIGH) ;
delav (10}

digitalWrite (triggerPin, LOW) ;
timePassed = pulseIn{echoPin, HIGH) ;

Anpassung des Programmcodes durch Deklaration der fiir die Temperaturmessung bendtigten

distance = timePagsed* {0.03315 + U.E*tempﬂ:fzﬂ

ifldistance < 100)]

a) Vervollstdndigtes Codegeriist der Programbibliothek morse.cpp:

#include "aArduino.h"
#include "morse.h"

Hwoid shortSignal (int pin){
digitalWrite (pin, HIGH) ;

delay (200)
digitalWrite(pin, LOW) ;
delay (200)

-1

Hwvoid longSignal{int pin){
digitalWrite (pin, HIGH) ;

delay(c00)
digitalWrite(pin, LOW) ;
delay(200)

-1

Hwoid letterD(int pin){
int counter = L;

longSignal (pin}) ;
[ while(counter <= 2){
shortSignal (pin) ;

CC BY-NC-SA 4.0 Informatik-Werkstatt AAU 2022
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counter = counter + L;

Hwoid lettera(int pimn){
shortSignal (pin) !
longSignal (pin) :

=1

Hwoid letter5({int pin){
int counter = 1;:

[ while(counter <= 3){
shortSignal (pin}) !
counter = counter + 1;
-1

=1

Hwoid letterP(int pin){
int counter = 1;
shortSignal (pin) !
[ while(counter <= 2){
longSignal (pin) ;
counter = counter + L1;
-1

shortSignal (pin) !
=1

Hwoid letterT (int pin){
longSignal (pin) :
=1

ST_LO_11Arduino_Praxis_Messwerterfassung

10/15



Informatik
 Werkstatt ;

ST_Schaltungstechnik

...samt zugehoriger Header-Datei und deren Einbindung in ein Programmierprojekt:

H#ifndef morse h
#define morse h

#include "Arduino.h"
Sf function prototypes

vold letterdA(int pin);
vold letterD({int pin);
vold letterP({int pin);
vold letterS{(int pin);
vold letterT(int pin);

#endif

J/fusing a single LED to morse Das passt
f/vwversion with library

$include <morse.h>

int ledPin = 10;
int charPin = 5;
int wordPin = 37

viold setup() |
pinMode {ledPin, OUTPUT);
pinMode {charPin, CQUTPUT);
pinMode (wordPin, CQUTEUT)
digitalWrite (ledPin, LOW) ;
digitalWrite {(charPin, LOW) ;
digitalWrite (wordPin, LOW) ;

vold loop() {

b) Erweiterte Datei morse_ext.h bzw. Ausschnitt aurs der erweiterten Datei morse_ext.cpp — diese

mussen in einem Unterordner namens Morse_ext gespeichert werden:

CC BY-NC-SA 4.0 Informatik-Werkstatt AAU 2022
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El#ifndef morse ext h
#define morse ext h

#include "Arduino.h™

#include "morse ext.h"
#include "Arduino.h” Flvoid shortSignal (int pin)({
digitalWrite(pin, HIGH) ;

/f function prototypes delay(200) ;
digitalWrite(pin,LOW)

wold letterA({int pin): delay(200)

wvoid letterB({int pin); L}

wvoid letterC{int pin)

voild letterD(int pin): Elvoid longSignal(int pin){

void letterE(int pin); digitalWrite (pin,HIGH) ;
wold letterF{int pin}): delay(c00) ;

wvold letterG({int pin}): digitalWrite (pin,LOW) ;
wvold letterH{int pin}): delay(200)

wvoid letterI({int pin); L}

wvoid letterdJ{int pin)

voild letterH(int pin): Fvoid letterA(int pin){
wvold letterkL{int pin}): shortSignal (pin) :
wvold letterM{int pin}): longSignal (pin) ;

wvoid letterM({int pin) ; L}

wvoid letterO(int pin);

wvold letterP{int pin}): EHwoid letterB{int pin){

void letterQ(int pin};
wvoid letterR{int pin)
wvoid letterS({int pin)

int counter = L;

longSignal {pin} ;
vold letterT(int pin}); [ while(counter <= 3){
vold letterUf{int pin}); shortSignal (pin) :
vold letterV{int pin}; S
vold letterW({int pin}) .’ L}
vold letterX({int pin});
voild letteri(int pin): Elvoid letterC{int pin){

vold letterZ{int pin}); int counter = 1:

#endif [ while({counter <= 2){
i longSignal {pin) ;
shortSicnal {oind :
Aufgabe 4)

Cl#ifndef iArrStatistics h
Code der Header-Datei #define iArrStatistics h

iArrStatistics.h: N ) _
#include "Arduino.h"™

S/ function prototypes

long frageIntArrSum{int intArray[], int dim) ;

int frageIntArrMinVal(int intaArrav[], int dim);
int frageIntArrMaxVal (int intArray[], int dim);
float frageInthArrMean(int intaArrav[], int dim);
float fragelntArrStdDev{int intArray[], int dim);

#endif

...vervollstandigtes

Codegeriust der Programbibliothek iArrStatistics.cpp:
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#include "Arduino.h"™
#include "iArrStatistics.h"

long frageIntArrSum({int intArray[], int dim)

=1

-1

int index;
long result;

index = O;

result = O;

while (index < dim) {
result = result + intArray[index];
index = index + 1;

}

return result:

int frageImtArrMinVal (int intArray[], int dim)

=1

CC BY-NC-SA 4.0 Informatik-Werkstatt AAU 2022

int index;
int mini;

mini = intlArray[C]:
index = 1;
while (index < dim) {
if(intArray[index] < mini}) {
mini = intlArray[index];
}
index = index + 1;

}

return mini;

ST_Schaltungstechnik

int frageIntArrMaxVal {int intArray[], int dim)

=q
int index;
int maxi;

maxi = intArray[C]:
index = L;
E—% while(index < dim){

maxi= inthrray[index]:
B }

index = index + 1;

- 1

return maxi:

if(intArray[index] > ma=xi) {

float frageIntArrMean{int intArray[], int dim)

{

float result:

result = fragelntirrSum(intirray,dim)f(float) dim;

return result:;

Informatikwerkstatt.aau.at
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float frageIntArrStdDev({int intArray[], int dim)
=
int index;
float m;
float result;

m = frageInthArrMean(intArray,dim) ;
result = O;
index = 0O}
[ while(index < dim){
result = result + {(intarray[index] - m) * (intArray[index] - m):
index = index + 1!
- 1
result = result/dim:
result = sgrt{result):
return result;

und Einbindung der Header-Datei in das Programmierprojekt zur Distanzmessung mit dem Ul-

traschallsensor (Auszug):

$include <jikrrStatistics.h>

long timePassed;
float distance;

int triggerPin = 7;
int echoPin = &;

int buttonPin = 2;
int switchstate = 0;
int datakrray[l00]:

int index:

vold printIntirrayTakle{int wallrray[],int dim?l

int index;
index = 0: vold setup() |
Serial.println{™"); Serial.begin (9600} ;
whilelindex « dimi ] pinMode {triggerPin, CUTEUT);
pinMode {echoPin, INFUT):»
pinMode {(buttonPin, INFUT);
digitalWrite (buttonPin, LOW) ;
switchstate = 0;
index = 07
}
vold loop() {
long s;7
float my
int mini;
int maxi;
float sD;
PP e d e A
CC BY-NC-SA 4.0 Informatik-Werkstatt AAU 2022 ST_LO_11Arduino_Praxis_Messwerterfassung 14/15

Informatikwerkstatt.aau.at



(5
|nf0|—mat]k ST_Schaltungstechnik

I

elae]
switchatate = digitalBRsad({buttonPFin);
if ({switchstate == 1) {

printintirraylakle (datalkrray, 100);
g=fragelntArrium{datafdrray,100);
m=fragelntArrMean (datalkrray,100);

mini = fragelntirrMinVal (datalrray,100);
maxi = fragelntirrMaxVal (datalrravy,100);
sl=frageIntirrStdDev{datalrray, 100}

Serial.print{"sum: ");
Serial.printis);
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