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Abstract
For learning embedded systems, we have developed a teaching material with game development. The target of learning is beginner
programmers. The game development has the effect of improvements in user motivation. We performed a lesson using this teaching
material. As the result of lesson, about 80% of the students could feel the operation of hardware and 70% of the students increased

willingness to learn. In this paper, we report the development process of the teaching material and result of lesson.
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Tablel ETSS skill category

Skill Class Education Item Target Goal
Category
Multimedia Sound/Video/Image Unlearned Levell
Technical User Interface B.utton Unlearned Levell
Elements Display/Sound Unlearned Levell
Storage Memmory Unlearned Levell
Processor Multi Processor Unlearned Levell
Development Environment Unlearned Levell
Software code ;
Development Emulation Unlearned Levell
development and
Technology Test C Language Unlearned Levell
C Language Levell Level2
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Fig.1 Component of NES Hardware
CPU controls the other modules.
Table2 Correspondence table

Skill Factors

Multimedia Sound/Video generation
Input by the PAD
Output to the display
RAM-ROM

CPU-APU-PPU

User Interface

Storage
Processor
Software code
development and

Test with emulator

Test

Y RAEMKZF 9 Audio Processing Unit (APU)
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Table3 How to use each skill

Programming skill of learner To do
Unskilled/ .
Beginner(Branch/Loop) Rewrite of sample
. Combine of sample
Array/Function / New development
Pointer New development /
Rewrite of library
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Our teaching material

Fig.2 Development Flow of our teaching material
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Table4 PPU library method

Method Detail
waitvblank Wait for next Vblank
ppu_on Drawing start
Global |ppu_off Drawing stop
method |palette_change all
palette_change BG Writing of color information
palette_change_SP
¢etBG Qet the image number of BG
tile
Back X
glould |setBG Chan.ge the image number of
method BG tile
set_scroll BG scrolling
clear BG Reset BG data in PPU
Spri update_sprite Writing of sprite data in
m:tr:: 4 update_sprite_all SP_DATA
clear SP Reset sprite data in PPU
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Fig.3 Basic flow of NES program

void setBG(unsigned char x,unsigned char y,unsigned

char chr_no){
int ad;
ad=0x2000+((x&0x20)<<5)+

(x&0x1F)+((y&0x1F)<<5);

*(PPU+6)=(char)(ad>>8);
*(PPU+6)=(char)(ad&0xFF);
*(PPU+7)=chr_no;

H

Fig.4 Method of setBG to write image(chr_no) to (x,y)
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void update sprite(unsigned char num){
unsigned char tmp;
tmp=num<<2;
*(PPU+3)=tmp;
*(PPU+4)=SP_DATA[O0+tmp];
*(PPU+4)=SP_DATA[1+tmp];
*(PPU+4)=SP_DATA[2+tmp];
*(PPU+4)=SP_DATA[3+tmp];

}

void update sprite_all(){
*(DMA)=SP_ADDR;

}

Fig.5 Method of update_sprite
to write SP_DATA to PPU
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(2) APU
Ty Iavi B, o0k, =A%k, A

void ch_sql(unsigned char Ilength,unsigned char
freq,unsigned char volume,unsigned char duty,char
sweep){
*(APU_CHANNEL)|=0x01;
if(length==0)
*(APU_SQUI)=(duty<<6)|(volume&0x0f)|
0x30;
else *(APU_SQU1)=(duty<<6)|(volume&0x0f)|

0x10;

*(APU_SQU1+2)=freq;
*(APU_SQU1+3)=calc_length(length);

Fig.6 Method of ch _sql to generate sound
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void fetch keys(){
char i;
*PADI1=1;
*PAD1=0;
for(i=0;i<8;i++){
keys[i]=*PAD1&0x01;
}
return;

}
Fig.7 Method of fetch_keys to read button data to keys

Table5 Method list of APU and PAD library

Library [ Method Detail
ch_sql Play square wave channel
APU stop_sql Stop square wave channel
ch_noise Play noise channel
stop_noise |Stop noise channel
PAD |fetch keys |Read from PAD data into keys




Table6 Sample program list
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Sample program

Detail

bgl.c To display the 'A’ to all BG
bg2.c bgl.c + scroll

bg3.c To update BG data
spritel.c To display the sprite #0
sprite2.c To display four sprite
sprite3.c To auto move the sprite #0
pad.c To move sprite by button
soundl.c Play square wave channel
sound2.c Play noise channel

shooting_gamel.c

When the button is pressed
to display the sprite #0
that move automatically

shooting game2.c

To display the enemy(BG) and play music

shooting_game.c

shooting_game1.c + shooting_ game2.c +
Reset the BG data of the sprite place

Shooting_game.c

1
| |

Shooting_gamel.c

%

Shooting_game2.c

%

sprite*.c

pad.c bg*.c

sound*.c

Fig.8 Sample program

The top module includes bottom modules

init();
while(1){

waitvblank();

prev_a=keys[BT A];
fetch keys();

if(prev_a==0&&keys[BT_A]==1){

ch _sql1(2,0x9f1,15,2,0);
}
if(keys[BT B]==1){
ch_sql1(2,0x9f1,15,2,0);

Fig.9 source code of soundl.c
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init()
while(1){
waitvblank();
ppu_off(); ™
if(display==1){
for(x=0;x<32;x++){
for(y=0;y<30;y++){
setBG(x,y,0);
b
}
display=0;
H -
else if(display==2){ > Writing
for(x=0;x<32;x++){ to PPU
for(y=0;y<30;y++){
setBG(x,y,'A");
§
H
display=0;
b
set_scroll();
ppu_on(); S
=
fetch_keys();
if(keys[BT_A]==1){
display=1; Other
fl - process
if(keys[BT B]==1){
display=2;
§
! =

Fig.10 source code of bgl.c
bgl.c fill the screen with ‘A’
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Fig.12 Run of development game on the original NES
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Table7 schedule of pre-award meeting

Date Detail
2015/3/20|Planning
2015/5/8|Demand Research
2015/8/6|Final adjustment

Table8 schedule of lesson

Period Detail
First Lecture

Second
Third

Time
11:05712:35
13:25714:55
15:10716:40
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while(1){
waitvblank();
update_sprite_all();
if(SP_DATA[0]<50){
ppu_off();
gazou=getBG(del x,del y);
if(gazou==0x4A){
setBG(del x,del y,0);
ch sql1(3,0x70,13,3,-1);
SP_DATA[0]=0;
SP_DATA[3]=0;
count++;
H

set_scroll();
ppu_on();

if(count==16&&SP_DATA[20]<50){
setBG(4,15,'T");
setBG(5,15,'H");
setBG(6,15,'A");
setBG(7,15,'N'");
setBG(8,15,'K");
setBG(10,15,'Y");
setBG(11,15,'0");
setBG(12,15,'U");
setBG(14,15,'F");
setBG(15,15,'0");
setBG(16,15,'R");
setBG(18,15,'P");
setBG(19,15,'L");
setBG(20,15,'A");
setBG(21,15,'Y");
setBG(22,15,'T");
setBG(23,15,'N");
setBG(24,15,'G");
setBG(25,15,'!");
setBG(26,15,'!");

(2)

if(prev_a==0&&keys[BT_A]==1){
ch sql(4,0x7e,15,4,3);
ch noise(2,10,5);
ch _noise(4,12,11);

(1)
}

Fig.13 gamel source code
“Shooting game”
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void msg(char x, char y, char *text){
while (*text !="'¥0"){

setBG(x, y, *text);

X++;

text++;

(2)

}

int main(){

init();

waitvblank();

ppu_off();

msg(0, 1, "Sequencer");

msg(0, 2, "v('w")v");

msg(0, 7, "CH 0

ppu_on();

Play();

while (1){
waitvblank();
ppu_off();
//----Start Drawing
setBG(4, 8, 0x80 * (chl[ptr] != RR));
setBG(7, 8, 0x80 * (ch2[ptr] != RR));
//----Stop Drawing

");

set_scroll();

ppu_on();

if (isPlaying) onSequence();
H

return 0;

void onSequence(){
if (timer > wait) {

PlayTone();
IncPtr();

}

timer++;

void PlayTone(){
//Chl
if (chl[ptr] == RR) stop_sql();
else ch_sql(0,chl[ptr],volchl,dt1,0);
//Ch2
if (ch2[ptr] RR) stop_sq2();
else ch_sq2(0,ch2[ptr],volch2,dt2,0);

(1)

Fig.15 game2 source code
“Sound sequencer”
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THANK YOU FOR PLAYING!'!

Fig.14 output of gamel

ZAEK L TV A (2).
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Fig.16 output of game2

What did you think of this lesson?

[ was able to feel the operation of the
hardware

1 was able to understand the
hardware

Study motivation has increased

[t was fun

Q0% 200% 400% 600% 800% 1000%

Fig.17 Result of questionnaire
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