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Thread thread1(motorR_thread , NULL, osPriorityHigh); I HE—Z DAL v RERH
Thread thread2(motorL,_thread , NULL, osPriorityHigh); I EE—HX DAL v NiEFR

RtosTimer sensor_timer(Sensor, osTimerPeriodic, (void *)0); I/ RTOS # A ~— (& i)
sensor_timer.start(5); /| RTOS # A ~—0Dfiik




1) EAE—ZZR2 DX AT TIERL
AT — 2 ONEGE A ATV Ve AT BE & OFEEEOFHRESC, BIEHIFER X 5 7o DI E — ¥ 2 AR S w720
X7 blanizwd, EHOE—ZFRx DX A7 L LTHIEIL T\ 5.

2) BV OFRY
~A 7 e~y AIREEOR ST 2, AAREORTICE &2 LR SAHICHI L TWhET. BT
RpIBE & OFFEECAH BOBE R A FICHEH LT ER 620 o T, B 3HRy 7 a7 7 Ak 5ms &Ik
gL £

3) AA v FEEH - BEE— NEH)
AAUBEATIE, AL v TFANOERRLT A N7 a7 T A, KRR T a7 T A KERKET 077 A
7 CEEE— FOBIR - BEHZITWVET.

52 E—X[EEZERAL v K
F—FEHEDO ALy FIZOWTHBILET. AF—FEHEOAL Y F2 U X 21K LET.
UA N2 A5E— XA

/I thread of right motor rotation

/l motor rotation, mode = 0: free, 1:forward, 2:reverse, 3:break
void motorR_thread(void const *argsument)
{

Thread::signal_wait(0x1); I > 7 F VN AT b ALy REEE

while (true) {

if (t(imR>0) timR--; Il timR DA T N E T
if (timR==0) {
if (fR==0) timR=LSPD; Il HWELAES TS
else timR=HSPD; Il EEZHS 35
if (modeR==1) { J/AREIIp
if (patR < 3) patR++;
else patR = 0;
H
if (modeR==2) { I %18
if (patR > 0) patR--;
else patR = 3;
H
cntR++
H
if (modeR==0 | | modeL.==0) { /I 7V —
patR=4;
patL=4;
b

motorR= RMOTORI[patR]; I AT ¥ 7 e—% Ol 71




Thread::wait(5); /I AL~ R&E{EIR
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threadl.signal_set(0x1);
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BusOut motorR(p5, p6, p7, p8);
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const unsigned char RMOTORI[]=10x09, 0x0C, 0x06, 0x03, 0x00};
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#define LSPD 3 I AR
#define HSPD 2 I R
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ptFRB=ptFR; I3y 7 770 ROfEx B
ledFout=1; /l LED-ON

wait_us(20); 1120 s 5>
sensFR=(ptFR-ptFRB)*20; /| BiEEYE Y OE

ledFout=0; // LED-OFF
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if (fS==1) {
fR=fL.=1; I FEAET—4% ORE Z @R E IR ET D
if(sensR>DISRMAX) { Il FHEEZRR LTV D

if ((sensR-DISR)>0.5) fL.=0; Il BREIZITE > TW DA LT — X O E 2 (R E 12 5%
if ((sensR-DISR)<-0.5) fR=0; Il FEBEZE T > CTWAEEA T — & OWME &K 127

} else if(sensL>DISLMAX) { Il FEBETZ T R LT D
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while (startSw==1) {
if (setSw==0) {
wait(0.1);
while (setSw==0);
wait(0.1);
pmode++;
if (pmode>7) pmode=0;

§
leds=pmode; /14 & @ LED |2 & » TEEE— & #EHFER
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switch(pmode) {

case 0:check _sens();

break; Nty =z’
case 1:threadl.signal_set(0x1); /11 DX i
thread2.signal_set(0x1);
run_step();
break;
..... Sl 7 S

case 6:threadl.signal_set(0x1);  // JEIR/AE THEIZ X 2 KRR
thread2.signal_set(0x1);

run_Hidarite(;

&

break;
case 7:run_saitan();
break; Il AR AEAT
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/l mbed Micromouse using RTOS

1

// Rion Yamada(National Institute of Technology)
1

Il kR

#include "mbed.h"

#include "rtos.h"

/I run parameters

#define LSPD 3 /[ timer count for low speed

#define HSPD 2 // timer count for high speed

#define STEPO 20 /I munber of step for slow start

#define STEP1 500 / number of step for 1 maze area

#define R90 207 /l number of step for 90 degree right turn

#define L90 207 /I number of step for 90 degree left turn

#define R180 406 // number of step for 180 degree u-turn

#define DISFR 4.8 /Il front right sensor value in normal micromouse position
#define DISFL 4.8 /I front left sensor value in normal micromouse position
#define DISR 1.8 /I right sensor value in normal micromouse position
#define DISL 1.8 /I left sensor value in normal micromouse position
#define DISFMAX 0.3 /I threshold of sensor value for front wall detection
#define DISRMAX 0.6 /l threshold of sensor value for right wall detection
#define DISLMAX 0.5 /I threshold of sensor value for left wall detection

/l pattern table for stepping motor
const unsigned char RMOTORI]= {0x09, 0x0C, 0x06, 0x03, 0x00};  // magnetization pattern for left motor
const unsigned char LMOTORI]= {0x03, 0x06, 0x0C, 0x09, 0x00};  // magnetization pattern for right motor

const unsigned char DtoR[]=10,2,4,0,8,0,0,0,1}; // table indicating to the right direction
const unsigned char DtoL[l={0,8,1,0,2,0,0,0,4}; // table indicating to the left direction

unsigned char pmode=0; /I program mode

/l Variables. It is necessary to define as a Volatile when the variable used in interrupt.

volatile float ptFRB, ptFLB, ptRB, ptLB; /l sensor values during turn-off the LED
volatile float sensFR, sensFL, sensR, sensL; /I sensor values
volatile unsigned char modeR=0, modeL.=0; // run forward both motor

volatile int stepR, stepLs; // varilable for set step of motor




volatile unsigned char patR=0, patLi=0;

volatile int cntR, entL;

volatile float timR=0, timL=0;
volatile unsigned char timS;
volatile unsigned char fS=0;

volatile unsigned char fR=0, fL.=0;

union {
unsigned char all;
struct {
unsigned char n:1;
unsigned char e:1;
unsigned char s:1;
unsigned char w:1;
unsigned char d:4;
15
} mmapl16][16];

Serial pc(USBTX, USBRX);

BusOut

BusOut motorR(p5, p6, p7, p8);
BusOut motorL(p11, p12, p13, p14 );

Analogln ptFR(p15);
AnalogIn ptFL(p16);
Analogln ptR(p17);
AnalogIn ptL(p18);
AnalogIn gyro(p19);
Digitalln setSw(p21);
Digitalln startSw(p22);
DigitalOut ledFout(p9);
DigitalOut ledRLout(p10);

void dispLED(unsigned char n)
{

leds=n;

leds( LED4, LED3, LED2,

// index of motor pattern

/I count of motor steps

// waiting timer for motors

/I waiting timer for sensors

/I flag for control of distanse from R,L walls

/l flag of R, L motors, 0: low speed, 1:hight speed

/I struct and union define for access map

/ map access by 1 byte

/I 1 bit for north wall i10:no wall, 1:exist wallj
// 1 bit for east wall 10:no wall, 1:exist wallj
/I 1 bit for south wall i0:no wall, 1:exist wallj
/I 1 bit for west wall 10:no wall, 1:exist wallj
Il 4bit for history

LED1); /l for LED display
/I output for right motor
/I output for left motor

// front right sensor, analog input
/I front left sensor, analog input
/I right sensor, analog input
/I left sensor, analog input
/I for Gyro, analog input, reserved
/I set-switch, digital input
/l start-switch, digital input
/I LED output signal for front wall detection
/I LED output signal for side wall detection




void Sensor(void const *argument)
{
/I read sensors
/I 1st-step:measure background during LED-off, 2nd-step: measure reflecting light during LED-on.

sensor value is differnce of both.

if (timS<20) timS++; else timS=0; I set counter timS

if (timS==0){

ptFRB=ptFR; // measure all background values
ledFout=1; // LED-ON

wait_us(20); // delay
sensFR=(ptFR-ptFRB)*20; /Il front right sensor values
ledFout=0; // LED-OFF

}

if (timS==5){

ptFLB=ptFL; // measure all background values
ledFout=1; // LED-ON

wait_us(20); /Il delay
sensFL=(ptFL-ptFLB)*20; /l front left sensor values
ledFout=0; // LED-OFF

}

if (timS==10){

ptRB=ptR; /I measure all background values
ledRLout=1; /I LED-ON

wait_us(20); /I delay

sensR=(ptR-ptRB)*20; /l right sensor values
ledRLout=0; // LED-OFF

}

if (timS==15){

ptLB=ptL; /l measure all background values
ledRLout=1; /l LED-ON

wait_us(20); /I delay

sensL=(ptL-ptLB)*20; /I left sensor values

ledRLout=0; // LED-OFF

}

/I set motor control flag by distance of both side walls
/I use only right wall when right wall detected, use left wall when detected left wall only.
if (fS==1) { /I do the following process, when flag fS=1




fR=fL=1;
if(sensR>DISRMAX) {
if ((sensR-DISR)>0.5) fL.=0;
if ((sensR-DISR)<-0.5) fR=0;
} else if(sensL>DISLMAX) {
if ((sensL-DISL)>0.5) fR=0;
if ((sensL-DISL)<-0.5) fL.=0;
H
} else {
fR=fL.=0;

/l set high speed for both motor
/I when right wall exists,
I set low speed for left moter, when close to the right wall
/I set low speed for right moter, when close to the left wall
/I when existing left wall only,
/I set low speed for right moter, when close to the left wall

/I set low speed for left moter, when close to the right wall

/I when £S=0, set low speed for both motor

/I thread of right motor rotation

/l motor rotation, mode =O0: free, 1:forward, 2:reverse, 3:break
R ety

void motorR_thread(void const *argsument)

{

Thread:signal_wait(0x1);

while (true) {
if (t(imR>0) timR--;
if (timR==0) {
if (fR==0) timR=LSPD;
else timR=HSPD;
if (modeR==1) {
if (patR < 3) patR++;
else patR = 0;
}
if (modeR==2) {
if (patR > 0) patR--

else patR = 3;
}
cntR++;
H
if (modeR==0 | | modeL==0) {
patR=4;
patL=4;
b

motorR= RMOTORI[patR];
Thread::wait(5);

/lcount down timR when timR=0 do next process

/I count up right moter step

/I motor free when mode=0

/l pattern output to right motor




/l thread of right motor rotation
/l motor rotation, mode = 0: free,

void motorL_thread(void const *argument)

{
Thread:signal_wait(0x1);

while (true) {
if (timL>0) timL--;
if (timL==0) {
if (fL==0) timL=LSPD;
else timL=HSPD;
if (modeL==1) {
if (patL < 3) patL++;
else patL = 0;

}
if (modeL==2) {
if (patL > 0) patL--;
else patL = 3;
}
cntL++;
H
if (modeR==0 | | modeL==0) {
patR=4; /I motor free when mode=0
patL=4;
H

motorL= LMOTOR[patLl];
Thread::wait(5);

void check_sens()

1
while (1) {
pe.printf("¥£");

1: forward, 2:reverse, 3:break

/lcount down timL.Cwhen timL.=0 do next process

/l count up left moter step

/I pattern output to left motor




pe.printf("Sensor FR:%f ¥n",sensFR);
pe.printf("Sensor FL:%f ¥n",sensFL);
pe.printf("Sensor R:%f ¥n",sensR);
pe.printf("Sensor L:%f ¥n",sensL);
wait (0.5);

}
}
R ERELEEL R e Et
/I break motors
[ == mm e o e oo
void run_break()
{
modeR=0;
model.=0; /l mode 0 means break the motor
}
[=mm e e e o o o
/I adjustment by front wall
[=mm e e e o o o
void adjust()
{
£S=0; I/l set low speed

while(abs((sensFR-DISFR)-(sensFL-DISFL))>0.4) {
value larger than threshold
if ((sensFR-DISFR)>(sensFL-DISFL)) {

modeR=2; /I turn right
model.=1;
} else {
modeR=1; /I turn left
modelL=2;
H
}
run_break();
}
[ m o o

void slow_start()

{

£S=0; I/l set low speed

/l do adjustment when difference of sensor




modeR=modelL=1; /I set mode for run forward

cntR=0;

stepR=STEPO; /l run 20 step at low speed
while (cntR<stepR);
}
R ERELEEL R e Et
1 run forwad of 1 maze area
R ERELEEL R e Et
void run_step()
{
slow_start();
fS=1; /l change to high speed
cntR=0;
stepR=STEP1-STEPO;
while (cntR<stepR);
run_break();
}
[=m e e o o o e
/1 90 degree turn right
[=mm e e e o o o
void run_R900
{
£S=0; /I set low speed
cntR=0;
stepR=R90; // set motor step for turn 90 degree
modeR=2;
model.=1; /I right motor: reverse, left motor: forward
while (cntR<stepR);
run_break();
}
[ o o
/1 90 degree turn left
[ mm e
void run_L900
{
£S=0; I/l set low speed
cntLi=0;
stepL.=L90; I/l set motor step for turn 90 degree

modeR=1;




model.=2; /l right motor: forward, left motor: reverse

while (ecntL<stepL);

modeR=0;
model.=0;
run_break();
}
R ERELEEL R e Et
/[ u-turn
[f=mmm e e o o o
void run_R180()
{
£S=0; /Il set low speed
cntR=0;
stepR=R180; /I set motor step for turn 180 degree
modeR=2;
model.=1; /l right motor: reverse, left motor: forward
while (cntR<stepR);
run_break();
}
[=mm e e e o o o

void run_Turn(unsigned char n)

{
while (1) {
slow_start();
fS=1; /Il set high speed
while (sensFR<DISFR); /I run forward to normal distanse from front wall
adjust(; /l adjestment by front wall
if (n==0) run_R1800;
else run_R900;  //u-turn or turn right by the value of n
}
}
[ mm e

/l left hand methodiusing direction history;

/I priority is left, front and right. if all the wall exists, then u-turn.

void run_Hidarite()

{




unsigned char wF, wR, wL; /I flag for front right left walls

unsigned char wS; /I flag for sensing the walls

unsigned char mapF, mapR, mapLs; /l variable to read the history

unsigned char mx,my; /I x and y axis of mouse, start posisiton is 0,0

unsigned char md; /I direction of the mouseCnorth:1Ceast:2, south:4, west:8

mapF=0;

mapR=0;

mapL=0; /I initiallize
mx=0;

my=0;

md=1; // initiallize
wF=0;

wR=1;

wlL=1; // initiallize

mmapl0][0].d=1; // inital direction is north (1)

while (startSw==1) { /l repeat durning no sw input detection (push start-sw to exit )

/l reade history imapF,mapR,maplL are the history of front, right, left area
/I no access to the out of range
switch (md) {
case 1:
if (my<15) mapF=mmap[my+1][mx].d; // when mouse direction is north,
if (mx<15) mapR=mmap[my][mx+1].d;
if (mx>0) mapL=mmap[myl[mx-1].d;
break;
case 2:
if (mx<15) mapF=mmap[my][mx+1].d; // when mouse direction is east,
if (my>0) mapR=mmap[my-1][mx].d;
if (my<15) mapL=mmap[my+1][mx].d;
break;
case 4:
if (my>0) mapF=mmap[my-1][mx].d; // when mouse direction is south,
if (mx>0) mapR=mmap[my][mx-1].d;
if (mx<15) mapL=mmap[my][mx+1].d;
break;
case 8:
if (mx>0) mapF=mmap[myl[mx-1].d; // when mouse direction is west,
if (my<15) mapR=mmap[my+1][mx].d;
if (my>0) mapL=mmap[my-1][mx].d;
break;




/l decision by left hand rule
if (wL ==0 && (mapL==0 | | mapL==DtoL[md])) { /I left turn when no left wall and no history or
available history
run_L900);
md=DtoL[md];
} else if (WF==0 && (mapF==0 | | mapF==md)) {}  // go forward when no front wall and no history
or available history (pass the turn process)
else if (WR==0 && (mapR==0 | | mapR==DtoR[md])) { // right turn when no left wall and no history
or available history
run_R900);
md=DtoR[md];
} else {
run_R1800); /lu-turn
md=DtoR[md];
md=DtoR[md];

/I go forward and detect walls

wS=0;
wF=0;
wR=0;
wL=0; Il reset of wall flags
slow_start(; /I slow start
stepR=STEP1-STEPO;
£S=1; /l change high speed
while (cntR<stepR) { /I go forward
if (cntR > (STEP1*2/3) && wS==0) { /I wall detection when the mouse run 2/3
step of area
wS=1; /I set flag to detect wall at once.
if (sensR > DISRMAX) wR=1;
else wR=0; /I detection of right wall
if (sensL > DISLMAX) wL=1;
else wL=0; /I detection of left wall
if ((sensFR>DISFMAX | | sensFL>DISFMAX)) {
wF=1; /I detection of front wall. exit from loop when front wall detected.
break;
H




Il go forwrd to adjust distanse of front wall, when exit the above loop by front wall detection.

if (wF==1) {
while (sensFR<DISFR); Il go forward to have normal distance to front wall
adjust(; /I adjustment by front wall

}

// write map and history ( opposit direction of out of the area )

/I record map after update mouse axis
switch (md) {

}

case 1:
mmap[my][mx].d=4;
my++;
mmap[my][mx].n=wF;
mmap[my][mx].e=wR;
mmap[my][mx].w=wLs;
break;

case 2:
mmap[my][mx].d=8;
mx++;
mmap[my][mx].e=wF;
mmap[my][mx].s=wR;
mmap[my][mx].n=wL;
break;

case 4:
mmap[my][mx].d=1;
my--;
mmap[my][mx].s=wF;
mmap[my][mx].w=wR;
mmap[my][mx].e=wL;
break;

case 8:
mmap[my][mx].d=2;
mx--;
mmap[my][mx]. w=wF;
mmap[my][mx].n=wR;
mmap[my][mx].s=wL;

break;

if (mx==0 && my==0) {

run_break(); /l finish search run when mouse return start position
break;




void run_saitan()

{

unsigned char 1,j,k,m;

unsigned char smap[16][16]; // map for calculate minimum route
unsigned char run[256]; /I array for run pattern
unsigned char md; /I direction of mouse 1:north, 2:east, 4:south, 8:west

/I clear map and set walls for no histry area.
for(i=0; i<16; i++) {
for(j=0; j<16; j++) {
smaplil[j]1=0;
if (mmaplil[j1.d==0) {
mmaplil[jl.n=1;
if G<15) mmapli+1][jl.s=1;
mmaplil[jl.e=1;
if G<15) mmaplil[j+1].w=1;
mmaplil[jl.s=1;
if >0) mmapli-1][jl.n=1;
mmaplil[jl.w=1;

if G>0) mmaplil[j-1].e=1;

/I write steps to smap from goal position

/I goal position set to m=1, find same value of m in smap and put m+1 to no wall direction, increment of

/I 'go out roop when reach to stat position.

smapl7][7]=1;

smapl7][8]=1;

smap(8][7]=1;
[8][8]=

smap(8][8]=1; // goal position set to 1

m=1; /l set m=1

for(k=0; k<255; k++) 1 /l repeat maximun 255 times




for(i=0; i<16; i++) {
for(G=0; j<16; j++) { // scan all areas
if (smaplil[jl==m) {
if (mmaplil[jl.n==0 && i<15 && smapli+11[j]==0) smapli+1]1[jl=m+1;
if (mmaplill[jl.e==0 && j<15 && smaplil[j+1]==0) smaplil[j+1]=m+1;
if (mmaplil[jl.s==0 && i>0 && smapli-11[jl==0) smapli-11[jl=m+1;
if (mmaplil[jl.w==0 && j>0 && smaplil[j-1]1==0) smaplil[j-1]=m+1;

H
§
H
m++; // increment of m
if (smap[0][0]!=0) break; /I 'go out of loop

// make run pattern to run(k] array

/I kinumber of run pattern, 1:go forward, 2:turn right, 3:turn left

m=smap[0][0]-1; // set m to start position
i=0;
i=0;
k=0;
md=1;
while (m>0) { // loop while reach to goal position
switch(md) {
case 1:
if (mmaplil[jl.n==0 && smapli+1][jl==m && i<15) {
runlk]=1;
1++;
m--;
break;
}
if (mmaplil[jl.e==0 && smaplil[j+1]==m && j<15) {
run[k]=2;
md=DtoR[md];
break;
}
if (mmaplil[jl.w==0 && smaplil[j-1]l==m && j>0) {
run(k]=3;
md=DtoL[md];
break;
H
case 2:

if (mmaplil[jl.e==0 && smaplil[j+1]==m && j<15) {




runlk]=1;

s
m--;
break;

}

if (mmaplil[jl.s==0 && smapli-1][jl==m && i>0) {
run[k]=2;
md=DtoR[md];
break;

}

if (mmaplil[jl.n==0 && smapli+1][jl==m && i<15) {
run[k]=3;
md=DtoL[md];
break;

H

case 4:

if (mmaplil[jl.s==0 && smapli-1][jl==m && i>0) {
runlk]=1;
13
m--;
break;

H

if (mmaplil[jl.w==0 && smaplillj-1]==m && j>0) {
run[k]=2;
md=DtoR[md];
break;

}

if (mmaplil[jl.e==0 && smaplil[j+1]==m && j<15) {
run[k]=3;
md=DtoL[md];
break;

}

case 8:

if (mmaplil[jl.w==0 && smaplil[j-1]==m && j>0) {
runlk]=1;
js
m--;
break;

H

if (mmaplil[jl.n==0 && smapli+1][jl==m && i<15) {
run(k]=2;

md=DtoR[md];




break;

§
if (mmaplil[jl.s==0 && smapli-1][jl==m && i>0) {
run[k]=3;
md=DtoL[md];
break;
H
H
k++;

/l run minimun route
1=0;
while (i<k) {

if (cunli]==1) {

run_step();

1++;
}
if (runli]==2) {
run_R900);
1++;
}
if (run[i]==3) {
run_L900);
1++;
H
}
}
S
1 main
s
int main()
{
int 1,j;

/I initialize map
for (i=0; i<16; i++) for G=0; j<16; j++) mmaplil[jl.all=0; // clear map
for (i=0; i<16; i++) {

mmapli][0].w=1;

mmaplil[15].e=1; /I set east and west wall

mmap[0][i].s=1;




mmap[15][i].n=1; // set north and south wall
H
mmap[0][0].e=1;

Thread thread1(motorR_thread , NULL, osPriorityHigh);
Thread thread2(motorl,_thread , NULL, osPriorityHigh);

RtosTimer sensor_timer(Sensor, osTimerPeriodic, (void *)0);

sensor_timer.start(5);

/[ initialize parameters
ledFout=ledRLout=0;

motorR=motorL.=0;

while (1) {
while (startSw==1) {
if (setSw==0) {
wait(0.1);
while (setSw==0);
wait(0.1);
pmode++;
if (pmode>7) pmode=0;
}
leds=pmode;
H
leds=0;
wait(0.5);

/I go selected functions
switch(pmode) {
case O
check_sens();
break; /I check sensors
case 1:
threadl.signal_set(0x1); //run 1 area step
thread2.signal_set(0x1);
run_step();
break;
case 2:
threadl.signal_set(0x1);  // 90 deg. turn right
thread2.signal_set(0x1);
run_R900);

// thread of right motor control

/l thread of left motor control

/I set RTOS timer for sensor
/I start RTOS timer for sensor




break;
case 3
threadl.signal_set(0x1); /90 deg. turn left
thread2.signal_set(0x1);
run_L900);
break;
case 4:
threadl.signal_set(0x1); // u-turn
thread2.signal_set(0x1);
run_R1800);
break;
case 5:
threadl.signal_set(0x1);  // go forward and u-turn, 0: u-turn, else: 90 deg.turn
thread2.signal_set(0x1);
run_Turn(0);
break;
case 6:
threadl.signal_set(0x1); // extended left hand rule
thread2.signal_set(0x1);
run_Hidarite(;
break;
case T
run_saitan();

break; /l fast run for minimum route




