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Education Method for Programming through Physical
Computing based on Analog Signaling of Arduino

Kyeong HurT, Won-Sung Sohn'’

ABSTRACT

Arduino makes it easy to connect objects and computers. As a result, programming learning using
physical computing has been proposed as an effective alternative to SW training for beginners. In this
paper, we propose an Arduino-based physical computing education method that can be applied to basic
programming subjects. To this end, we propose a basic programming training method based on Arduino
analog signals. Currently, physical computing courses focus on digital control when connecting input
sensors and output devices in Arduino. However, the contents of programming education using analog
signals of Arduino boards are insufficient. In this paper, we proposed and tested the teaching method
used for programming education using low-cost materials used for Arduino analog signal-based

computing.
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Fig. 1. Analog input pins and digital output pins of
Arduino Uno board,
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Fig. 2. Concept design of the output apparatus for
physical computing education,
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Fig. 3. Implemented circuit on a breadboard according
to Fig. 2.
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const int

void setup( ) {
pinMode(redpin_1,
pinMode(greenpin_2,

void loop( ) {
analogONOFF(redpin_1, 255,
analogONOFF(bluepin_1,
analogONOFF(greenpin_2,

void  analogONOFF(int M, int H, int K, int D)
{ digitalWrite(M, LOW);

digitalWrite(M, LOW);

redpin_1 = 3; const int redpin_2 = 11; const int greenpin_1 = 5;
const int  greenpin_2 = 10; const int bluepin_1 = 6; const int bluepin_2 =9;

OUTPUT); pinMode(redpin_2, OUTPUT); pinMode(greenpin_1, OUTPUT);

OUTPUT); pinMode(bluepin_1, OUTPUT);

1, 3); analogONOFF(greenpin_1, 255, 1, 3);
255, 1, 3); analogONOFF(redpin_2, 255, 1, 3);
255, 1, 3); analogONOFF(bluepin_2, 255, 1, 3); }

for (int a=H; a>-1; a=a-K) { analogWrite(M, a); delay(D); }

pinMode(bluepin_2, OUTPUT); }

}

Fig. 4. Programming Structure using multiple analog outputs,
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const int  redpin_1 = 3; const int redpin_2 = 11; const int greenpin_1 = 5;
const int  greenpin_2 = 10; const int bluepin_1 = 6; const int bluepin_2 =9;

void setup( ) {

void loop( ) {
aclockwise(255, 1, 3); }

void  aclockwise(int H, int K, int D) {
analogONOFF(redpin_1, H, K, D);
analogONOFF(greenpin_1, H, 2*K, D);
analogONOFF(bluepin_1, H, 3*K, D);
analogONOFF(redpin_2, H, 4*K, D);
analogONOFF(greenpin_2, H, 5*K, D);
analogONOFF(bluepin_2, H, 6*K, D); }

void  analogONOFF(int M, int H, int K, int D)

{ digitalWrite(M, LOW);
for (int a=H; a>-1; a=a-K) { analogWrite(M, a); delay(D); }
digitalWrite(M, LOW); }

pinMode(redpin_1, OUTPUT); pinMode(redpin_2, OUTPUT); pinMode(greenpin_1, OUTPUT);
pinMode(greenpin_2, OUTPUT); pinMode(bluepin_1, OUTPUT);  pinMode(bluepin_2, OUTPUT);

}

Fig. 5. Structure of an aclockwise function program,

void  ScolanalogONOFF(int N, int M, int H, int K, int D)

{ digitalWrite(M, LOW); digitalWrite(N, LOW);
for (int a=H; a>-1; a=a-K) { analogWrite(M, a); analogWrite(N, a); delay(D); }
digitalWrite(M, LOW); digitalWrite(N, LOW); }

Fig. 6. Structure of a ScolanalogONOFF function program,
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const int  redpin_1 = 3; const int redpin_2 = 11; const int greenpin_1 = 5;
const int  greenpin_2 = 10; const int bluepin_1 = 6; const int bluepin_2 =9;

void setup( ) {

void loop( ) {
for (int a=10; O<a; a=a-3) {aclockwise(255, a, 3); Aanticlockwise(255, a, 3); }

void  aclockwise(int H, int K, int D) {
analogONOFF(redpin_1, H, K, D);
analogONOFF(greenpin_1, H, 2*K, D);
analogONOFF(bluepin_1, H, 3*K, D);
analogONOFF(redpin_2, H, 4*K, D);
analogONOFF(greenpin_2, H, 5*K, D);
analogONOFF(bluepin_2, H, 6*K, D); }

void  Aanticlockwise(int H, int K, int D) {
analogONOFF(redpin_1, H, K, D);
analogONOFF (bluepin_2, H, 2*K, D);
analogONOFF(greenpin_2, H, 3*K, D);
analogONOFF(redpin_2, H, 4*K, D);
analogONOFF(bluepin_1, H, 5*K, D);
analogONOFF(greenpin_1, H, 6*K, D); }

void  analogONOFF(int M, int H, int K, int D)
{ digitalWrite(M, LOW);
for (int a=H; a>-1; a=a-K) { analogWrite(M, a); delay(D); }
digitalWrite(M, LOW); }

pinMode(redpin_1, OUTPUT); pinMode(redpin_2, OUTPUT); pinMode(greenpin_1, OUTPUT);
pinMode(greenpin_2, OUTPUT); pinMode(bluepin_1, OUTPUT); pinMode(bluepin_2, OUTPUT); }

Fig. 7. Structure of a program combined with aclockwise and Aanticlockwise functions,

const int  redpin_1 = 3; const int redpin_2 = 11; const int greenpin_1 = 5;
const int  greenpin_2 = 10; const int bluepin_1 = 6; const int bluepin_2 =9;

void setup( ) {

}

void loop( ) {
for (int K=10; 0<K; K=K-3) {aSclockwise(255, K, 3); } 1

void aSclockwise(int H, int K, int D) {
ScolanalogONOFF(redpin_1,  redpin_2, H, K, D);
ScolanalogONOFF(greenpin_1,  greenpin_2, H, K, D);
ScolanalogONOFF(bluepin_1,  bluepin_2, H, K, D); }

void ScolanalogONOFF(int N, int M, int H, int K, int D)

{ digitalWrite(M, LOW); digitalWrite(N, LOW);
for (int a=H; a>-1; a=a-K) { analogWrite(M, a); analogWrite(N, a); delay(D); }
digitalWrite(M, LOW); digitalWrite(N, LOW); }

pinMode(redpin_1, = OUTPUT); pinMode(redpin_2, OUTPUT); pinMode(greenpin_1, OUTPUT);
pinMode(greenpin_2, OUTPUT); pinMode(bluepin_1, OUTPUT); pinMode(bluepin_2, OUTPUT);

Fig. 8. Structure of an aSclockwise function program,
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Fig. 9. Connecting a sound sensor to arduino board,
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const int  redpin_1 = 3; const int redpin_2 = 11; const int greenpin_1 = 5; const int greenpin_2 = 10;

const int  bluepin_1 = 6; const int bluepin_2 =9;
int val = 0; int sound = 0;

void setup( ) {

pinMode(redpin_1, OUTPUT); pinMode(redpin_2, OUTPUT); pinMode(greenpin_1, OUTPUT);
pinMode(greenpin_2, OUTPUT); pinMode(bluepin_1, OUTPUT); pinMode(bluepin_2, OUTPUT); Serial.begin(9600);

}

void loop( ) {

sound = analogRead(A2); sound = map(sound, 0, 1023, 0, 255);
Serial.print("Sound Value : "); Serial.printin(sound);

sixcond(0, 30, 60, 120, 150, 180, 255); Serial.print("Val : "); Serial.printin(val);

switch(val)  {

case 1:

analogONOFF(redpin_1, 200, 4, 2); break;

case 2:

ScolanalogONOFF(redpin_1,  greenpin_1, 200, 4, 2); break;
case 3:

trianalogONOFF(redpin_1,  greenpin_1, bluepin_1, 200, 4, 2); break;

case 4:

fouranalogONOFF(redpin_1,  greenpin_1, bluepin_1, redpin_2, 200, 4, 2); break;

case 5

fiveanalogONOFF(redpin_1,  greenpin_1, bluepin_1, redpin_2, greenpin_2, 200, 4, 2); break;
default:

sixanalogONOFF(redpin_1, greenpin_1, bluepin_1, redpin_2, greenpin_2, bluepin_2, 200, 4, 2); break; } }

void sixcond(int a1, int a2, int a3, int a4, int a5, int a6, int a7) {
if (sound>a1 && sound<=a2) { val = 1; } if (sound>a2 && sound<=a3) { val
if (sound>a3 && sound<=a4) { val = 3; } if (sound>a4 && sound<=a5) { val
if (sound>a5 && sound<=a6) { val = 5; } if (sound>aé && sound<=a7) { val

nonon
RN

mnwonn

void  fouranalogONOFF(int J, int L, int M, int N, int H, int K, int D)
digitalWrite(J, LOW); digitalWrite(L, LOW); digitalWrite(M, LOW); digitalWrite(N, LOW);
for (int a=H; a>-1; a=a-K) {
analogWrite(J,  a); analogWrite(L, a); analogWrite(M, a); analogWrite(N, a); delay(D); }
digitalWrite(J, LOW); digitalWrite(L, LOW);  digitalWrite(M, LOW); digitalWrite(N, LOW);

void fiveanalogONOFF(int F, int J, int L, int M, int N, int H, int K, int D) {

digitalWrite(F,  LOW); digitalWrite(J, LOW); digitalWrite(L, LOW); digitalWrite(M, LOW);  digitalWrite(N, LOW);

for (int a=H; a>-1; a=a-K) {

analogWrite(F, a); analogWrite(J, a);  analogWrite(L, a); analogWrite(M, a); analogWrite(N, a); delay(D); }
digitalWrite(F, LOW); digitalWrite(J, LOW);  digitalWrite(L, LOW); digitalWrite(M, LOW); digitalWrite(N, LOW);

}

void  sixanalogONOFF(int E, int F, int J, int L, int M, int N, int H, int K, int D) {
digitalWrite(E, LOW); digitalWrite(F, LOW);  digitalWrite(J, LOW); digitalWrite(L, LOW);
digitalWrite(M, LOW);  digitalWrite(N, LOW);

for (int a=H; a>-1; a=a-K) {
analogWrite(E, a); analogWrite(F, a); analogWrite(J, a); analogWrite(L, a); analogWrite(M,
a); delay(D); }
digitalWrite(E, LOW); digitalWrite(F, = LOW); digitalWrite(J, LOW); digitalWrite(L, LOW);
digitalWrite(M, LOW);  digitalWrite(N, LOW); }

void trianalogONOFF(int L, int M, int N, int H, int K, int D) {
digitalWrite(L, LOW); digitalWrite(M, LOW); digitalWrite(N, LOW);

for (int a=H; a>-1; a=a-K) {
analogWrite(L, a); analogWrite(M, a);  analogWrite(N, a); delay(D); }
digitalWrite(L, LOW); digitalWrite(M,  LOW); digitalWrite(N, LOW); }

void  ScolanalogONOFF(int M, int N, int H, int K, int D) {
digitalWrite(M,  LOW); digitalWrite(N, LOW);

for (int a=H; a>-1; a=a-K) { analogWrite(M, a); analogWrite(N, a); delay(D); }
digitalWrite(M,  LOW); digitalWrite(N, LOW); }

void analogONOFF(int M, int H, int K, int D) {
digitalWrite(M, LOW);

for (int a=H; a>-1; a=a-K) { analogWrite(M, a); delay(D); }
digitalWrite(M, LOW); }

—~—

}

a); analogWrite(N,

1487

10. An analog output program that turn more LED lines up according to measured sound values,



1488 ZEIDICINES ==2A M22# XM125(2019. 12)

void loop( ) {
sound = analogRead(A2); sound = map(sound, 0, 1023, 0, 255);
Serial.print("Sound Value : "); Serial.printin(sound);
sixcond(0, 30, 60, 120, 150, 180, 255);
Serial.print("Val : "); Serial.printin(val);
switch(val) {
case 1:

aclockwise(200, 10, floor(12/val));  break;
case 2:

for (int a=1; a<=val; a=a+1) {aclockwise(200, 10, floor(12/val)); } break;
case 3:

for (int a=1; a<=val; a=a+1) {aclockwise(200, 10, floor(12/val)); } break;
case 4:

for (int a=1; a<=val; a=a+1) {aclockwise(200, 10, floor(12/val)); } break;
case 5:

for (int a=1; a<=val; a=a+1) {aclockwise(200, 10, floor(12/val)); } break;
default:

for (int a=1; a<=val; a=a+1) {aclockwise(200, 10, floor(12/val)); } break;
bl

Fig. 11. An analog output program that determines circulation time and # of circulations according to measured

sound values,
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Table 1, Test evaluation results of arduino—based sketch—C problems

Sketch C Language SW Evaluation Area ASS1%28%2?;?5Sir?etrotl;?;blem Averaiira;(js;rlii points
Loop statement program interpretation 2 1.10 (55.0%)
Sequential Execution Program Analysis 3 2.51 (83.7%)
Interpreting sequential looping program 3 1.92 (64.0%)
Loop statement program interpretation 3 2.02 (67.3%)
Interpreting sequential looping program 3 2.06 (68.7%)
Loop / function program interpretation 4 2.29 (57.3%)
Hierarchical operator program interpretation 2 1.48 (74.0%)
Hierarchical Function Program Analysis 5 3.26 (65.2%)
Hierarchical Function Program Analysis 1 0.69 (69.0%)
Hierarchical Function Program Analysis 1 0.54 (54.0%)
Hierarchical Function Program Analysis 3 1.16 (38.7%)

Total score average

18.9 (63.0%)
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Table 2. Total score distribution of sketch—C problems

Total score distribution Number of students

0 ~ 5 points 4
6 ~10 points 4
11 ~ 15 points 12
16 ~ 20 points 13
21 ~ 25 points 14
26 ~ 30 points 9

Sum 56

Number of students

12

10
B
3
4
n
o

0~5points 6~10points 11~ 15 points 16 ~ 20 points 21 ~ 25 points 26 ~ 30points

Fig. 12, Distribution of students for total scores with
sketch—C problems as shown in Table 2,
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