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Abstract

CanSat is a microsatellite modeled after an empty can-sized satellite. In this group,
we designed and fabricated the vehicle based on the mission competition, in which we
set and verify our own mission, and ”sample collection by fully autonomous driving”
was set as the mission to be achieved. In order to achieve this mission, the following
issues were identified: running performance on uneven terrain, weight and robustness
of the vehicle, and autonomous running based on acquired location information. The
necessary elements to accomplish the mission were divided into ”flight, structure, and
control” and the groups were divided into three groups. The three groups then worked
together to create a single aircraft. From the first semester to the summer vacation, we
set up the mission competition and designed the aircraft, and from the second semester,
we started to build the aircraft in earnest. As the deliverables, we made a parachute and
a rover that can run completely autonomously and collect two types of samples. The
plan was to conduct the whole series of experiments from dropping to sample collection,
but due to bad weather, it became difficult to conduct the whole series of experiments.
Therefore, we divided the series of experiments into four parts: ”dropping,” ”separating
the parachute from the aircraft,” ”running on the ground,” and ”collecting samples,”
and conducted separate experiments to confirm that each system worked correctly. As a
result, we were able to confirm that each system worked correctly in all four experiments.
The future prospects are to improve the problems obtained from the experiments, to
carry out full experiments, and to participate in CanSat competitions.

Keyword CanSat, Missions, Success Criteria,
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Wertical position
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e RFo2a— b 2REiX B AEEZEET I EIFon s, RITHEEOREEICOWTIX, K

Group Report of 2021 SISP - 48 - Group Number 15-B



Flying Autonomous Robot Project

HHEEE AE L TEHETOMLARAVE ST 2, P—RE—XPLyFOEELRMAEEZREL, IE
LLEMET 2B BT o5, KISHEZESIEIT 2 7130 X220 TTHBH, R hiEf
EWANT Y T 4N EHVRREBELRZREDTEZHERL TV Zed RiFeohnsd, T
V7 b LTE, SEIOKEEREX—ZCHIRD & 5 R B% LT, 274 CanSat BEcSNL
TEVWEEZTWD, iz, SIS S NIRBRPHERE S X U AN—DMOEGATTHEL L TIT FEd,
Zo7adzl MBI SEERSEDOBLETH 5,

(% FKE)
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HELIIL DG TIE, Slack TOEASICHERRNALTE O X S FEREEIA- Tz, £z, HRA LK
AP Z A UBEIRE 2T 22T ey 2 7 MCHMMTE 2,
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7.3.3 REJIET
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WKHRVWDT, THZHEMPAELTVE LWV Z2IZKDOTT., To2 vl 7 a8 LL
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27 LT, RS 22N TER,
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7.3.4 LtWKE

GPS % WEB ¥4 b2 FIHE L7z, GPS OBIEMEREDE T LzRIE, EEROMBIeHI D
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T8 A ERL7T70OJ 354

S, BERRICID DTz TER L2 70 7T 22N T %,

e CanSatTest2.ino

CXSCH: ) 1)

ORI AT, Tul 7 s0FEREIEEIToTWE, BALRNET A 77 VIZLLT

DEHTH %,

— ArduinoSort.h
Arduino THEF 2 E D sort # L T NEHEMEFHT 27-DI13EAL 7=,

— Wire.h

9 #ifiz > —

— SPLh

PRAHT D12, IC2HRBOES 2a— V2 HT372DICEA L,

SPI CH#i3 274 77 VEEAL,
— SparkFunLSM9DS1.h

9 il > —
— TinyGPS.h

ZHET 272DD74 77

GPS O#fEi% float BUCEMLT 272D F74 75 )
— SoftwareSerial.h
GPS LfET 270D F7 475V
— ZOMBEDTHES DDOEBEFTEEL =AY X7 7 4 LTI OWTIERERT 3,

%7z Arduino TlZ, setup BAEi &, loop BRI H 203, D717 F L TIEFIT setup
TR EY 2—LOREE L TW5, loop BIETIE, AKD Arduino & h b7 DiEL
1R 10 MIRBEDOL—TERICLTH 2, T, T 72 LRI 354D TH%,
F7z. O Y —IIREEN R RETH o727z, 10 BEER LD ODOHRERZHFHAL TV
%, ZDI=H, HIRIZ. 1 TENEZRD 5, 2L T, RZROBEBUIBE L EE L2518 Le L
THIMICA2 S BB TH 2, a— FOFHIZOWTIE 3.3 (EEF 2 2],

(XSCE: T Es)

Y —Za—F A1l CanSatTest2.ino

#include
#include
#include
#include
#include

#include

N O O A W N

<ArduinoSort.h>
<Wire.h>

<SPI.h>
<SparkFunLSM9DS1.h>
<TinyGPS++.h>
<SoftwareSerial.h>
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8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

52

53

LSM9DS1 imu;

TinyGPSPlus gps;

SoftwareSerial gpsSerial(14, 15);
#include "Double.h"

#include "DirectionSensor.h"
#include "GPSSensor.h"

#include "Move.h"

#include "LatitudeLongitude.h"
#include "Sampling.h"

const Double TargetLatl = 41.842310,TargetLongl = 140.767472;

void setup() {
Serial.begin(115200) ;
gpsSerial.begin(9600) ;
Wire.begin() ;

if (imu.begin(LSMIDS1_AG,LSMODS1_M,Wire) == false){
Serial.println("Failed to communicate with LSMODS1.");
while (1);

}

pinMode (PIN_IN1,0UTPUT) ;
pinMode (PIN_IN2,0UTPUT) ;
pinMode (PIN_IN21,QUTPUT) ;
pinMode (PIN_IN22,QUTPUT) ;
Serial.println("setupEnd") ;

int timeCount = O;
Double directionArray[10];
void loop() {
goToTarget (TargetLongl,TargetLatl) ;
timeCount++;
timeCount%=10;
delay(100) ;
}

bool goToTarget (Double Long,Double Lat){
Double cansatDirection = getDirection()*180/DPI;
directionArray[timeCount] = cansatDirection;
if (timeCount==9) {
updateGps () ;
Double targetDistance = getDistanceFromCoordinate(getLong()/180.0%
DPI,getLat () /180.0*DPI,Long/180.0%*DPI,Lat/180.0%DPI) ;
Double targetDirection = getDirectionFromCoordinate(getLong()/180.0%
DPI,getLat () /180.0*DPI,Long/180.0%DPI,Lat/180.0%DPI) ;

sortArray(directionArray,10);
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54 Double cansatDirection = directionArray[10/2];

55 Double needDistance = targetDistance;

56 Double needDirection = targetDirection - cansatDirection;

57

58 while (needDirection<Double(-180.0) )needDirection += 360.0;

59 while (needDirection>Double (180.0) )needDirection —-= 360.0;

60

61 Serial.print("Turn to") ;Serial.println(needDirection.toString());

62 Serial.print("Distance ") ;Serial.println(needDistance.toString());

63 if (needDistance<Double(10.0)){

64 sampling () ;

65 while (1) ;

66 return true;

67 }

68 Double absNeedDirection = needDirection>07needDirection:Double(0)-

needDirection;

69 if (absNeedDirection>5.0){

70 if (absNeedDirection>135.0){

71 rotate(1,1500,200) ;

72 Yelse{

73 if (needDirection<0){

74 rotate (1, fp64_to_int32((Double (3000.0/180.0) *absNeedDirection

).x),200);
75 Yelse{
76 rotate (-1,fp64_to_int32((Double (3000.0/180.0)*absNeedDirection
) .x),200);

7 }

78 }

79 Yelse{

80 goStraight (fp64_to_int32((needDistance*Double (1000.0%4000.0)) .x
),200) ;

81 }

82 }

83 return false;

84 }

e DirectionSensor.h
ZD7u I LIFNERT IO T LTH 5,

(O%CHE: i) E)

Y —XZXa—F A.2 DirectionSensor.h

#define LSM9DS1_M Ox1C // Would be 0x1C if SDO_M is LOW
#define LSMODS1_AG 0x6A // Would be Ox6A if SDO_AG is LOW
Double getDirection(){//rad?

if (imu.magAvailable () ){

"

2
3
4
5 imu.readMag() ;

6 Yelse{

7 Serial.println("readMagError") ;
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8
9 3
10 Double mx = —(imu.my-742-1120);
11 Double my = -(imu.mx+135+1115);
12 Double mz = mz;
13 Double heading;
14 if (my == 0)
15 heading = (mx < 0) 7 PI : 0;
16 else
17 heading = atan2(mx, my);
18 heading += 29.0%PI/180.0;
19 while(heading < -PI)heading += 2%PI;
20 while (heading > PI) heading —= 2%*PI;
21 return heading;
22 }
23
24 Double getRoll(){
25 if (imu.accelAvailable()){
26 imu.readAccel();
27 Yelse{
28 Serial.println("readAccelError");
29}
30 return atan2(imu.ay,imu.az);
31 }
32
33 Double getPitch(){
34  return atan2(-imu.ax,sqrt((Double)imu.ay*imu.ay+(Double)imu.az*imu.az
)
35 F
e Double.h

o7l AT, BERERHETZIHAELESLTHT 740D 32bit 122, 4
ZEWRELRBZDT, WHEZ A4 77V %FHL T 64bit ZHEHTE 2 X ST L7,

(XCE: T gEs)

Y —Za—F A.3 Double.h

1 #include <fp641ib.h>
2 class Double {

3

© 0w N O Ut

10
11
12

public:
Double (
Double (
Double (
Double(
Double (

Double (
Double (
Double(

) { x = ouLL; }

double f ) { x = fp64_sd( £ ); }

float f ) { x = fp64_sd( £ ); }

int16_t n ) { x = fp64_int16_to_float64( n ); }
int32_t n ) { x = fp64_int32_to_float64( n ); }

uint16_t n ) { x = fp64_uintl6_to_float64( n ); }
const Double& d ) { x = d.x; }
float64_t f) {x = £;}
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13 const char* toString() {

14 return fp64_to_string( x, 17, 15);
15 }

16 Double operator+=( const Double& y ) {
17 this->x = fp64_add( this->x, y.x );
18 return( *this );

19 }

20 Double operator+( const Double& y ) {
21 Double res;

22 res.x = fp64_add( this->x, y.x );

23 return( res );

24 }

25 Double operator-=( const Double& y ) {
26 this->x = fp64_sub( this->x, y.x );
27 return( *this );

28 }

29 Double operator-( const Double& y ) {
30 Double res;

31 res.x = fp64_sub( this->x, y.x );

32 return( res );

33 }

34 Double operator*=( const Double& y ) {
35 this->x = fp64_mul( this->x, y.x );
36 return( *this );

37 }

38 Double operator*( const Double& y ) {
39 Double res;

40 res.x = fp64_mul( this->x, y.x );

41 return( res );

42 }

43 Double operator/=( const Double& y ) {
44 this—>x = fp64_div( this—->x, y.x );
45 return( *this );

46 }

47 Double operator/( const Double& y ) {
48 Double res;

49 res.x = fp64_div( this->x, y.x );

50 return( res );

51 }

52 Double operator’=( const Double& y ) {
53 this->x = fp64_fmod( this->x, y.x );
54 return( *this );

55 }

56 Double operator’,( const Double &y ) {
57 Double res;

58 res.x = fp64_fmod( this->x, y.x );
59 return( res );

60 }
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61 bool operator<(const Double &y){

62 return fp64_compare (this—>x,y.x)==-1;
63 }

64 bool operator>(const Double &y){

65 return fp64_compare(this—>x,y.x)==1;
66 }

67 bool operator==(const Double &y){

68 return fp64_compare(this—>x,y.x)==0;
69 }

70 float64_t x;

71}

72 Double acos(Double x){

73 return Double(fp64_acos(x.x));
74 }

75

76 Double DPI = acos(Double(-1));
77 Double atan(Double x){

78  return Double(fp64_atan(x.x));
79 }

80 Double atan2(Double x,Double y){
81 bool xneg = false;

82  Double res = Double(atan(x/y));
83  if (y<Double(0)){

84 res += DPI;

85

86 if (res>DPI)res —= DPI*2.0;

87  return res;

88 }

89

90 Double sqrt(Double x){

91  return Double(fp64_sqrt(x.x));
92 }

93

94 Double sin(Double x){

95  return Double(fp64_sin(x.x));
96 }

97

98 Double cos(Double x){

99  return Double(fp64_cos(x.x));
100 }

101

102 Double tan(Double x){

103  return Double(fp64_tan(x.x));
104 }

e GPSSensor.h
o7 o NI BELYRER GPS LG T35 ATHS,

CXSCH: )1 %)
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YV —ZXa—F A4 GPSSensor.h

1 void updateGps(){

2 while(1){

3 if (gpsSerial.available ()>0){

4 char ¢ = gpsSerial.read();

5 gps.encode(c) ;

6 if (gps.location.isUpdated ()){

7 Serial.print ("LAT="); Serial.println(gps.location.lat(), 6);
8 Serial.print ("LONG="); Serial.println(gps.location.lng(), 6);
9 Serial.print ("ALT="); Serial.println(gps.altitude.meters());
10 break;

11 }

12 Yelse{

13 continue;

14 }

15}

16 }

17 Double getLat(){//#EE

18

19 return gps.location.lat();
20 }

21

22 Double getLong(){//#EE

23

24  return gps.location.lng();
25 }

26

27 Double getAlt(){

28

29  return gps.altitude.meters();

30 }

e LatitudeLongtude.h
Zo7nrZald, B e BIVHLOREE LD 6, BIADA < N E A &z R
57077 LTH5,

(XCE: i) E)

Y —2ZXa—F A5 LatitudeLongtude.h

1 const Double earth_radius(6378137.0);
2
3 //RRERE
4
5
6

Double getDistanceFromCoordinate(Double sx,Double sy,Double tx,Double ty

)

Double dx = tx-sx;

N

8 Double dy = ty-sy;
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9

17
18

Double distance = earth_radius*acos(sin(sy)*sin(ty)+cos(sy)*cos(ty)*
cos(dx));

return distance;

}

Double getDirectionFromCoordinate(Double sx,Double sy,Double tx,Double ty

)

Double dx = tx—sx;

Double dy = ty-sy;
Double direct = Double(PI/2.0)-atan2(cos(sy)*tan(ty)-sin(sy)*cos(dx),
sin(dx));

return direct;

}

e Move.h
Zo7arI K. KRBT RODE—X—2HHT 2D 0S5 LATH 5,

© 00 N o Utk W N

NN NN NN NN B E R R R el s e
0 N O U kR W N HE O © 00NN Ut e W NN = O

29

(XCE: i) gE)

YV—Za—F A6 Moveh

#define
#define
#define

#define
#define
#define

PIN_IN1 7
PIN_IN2 8
PIN_VREF 9 // PuM

PIN_IN21 12
PIN_IN22 11
PIN_VREF2 10 // PwM

void rotate(int direct,int rotete_time,int power){
analogWrite (PIN_VREF,power) ;
analogWrite (PIN_VREF2,power) ;

if (direct == 1){
digitalWrite (PIN_IN1,HIGH) ;
digitalWrite (PIN_IN2,LOW) ;
digitalWrite (PIN_IN21,LOW) ;
digitalWrite (PIN_IN22,HIGH) ;

Yelseq{

digitalWrite (PIN_IN1,LOW) ;

digitalWrite (PIN_IN2,HIGH) ;
digitalWrite (PIN_IN21,HIGH) ;
digitalWrite (PIN_IN22,LOW) ;

}

delay(rotete_time) ;

digitalWrite (PIN_IN1,HIGH) ;
digitalWrite (PIN_IN2,HIGH) ;
digitalWrite (PIN_IN21,HIGH) ;
digitalWrite (PIN_IN22,HIGH) ;
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30 void goStraight(int go_time,int power){
31  analogWrite (PIN_VREF,power) ;
32  analogWrite (PIN_VREF2,power) ;

33 digitalWrite (PIN_IN1,HIGH) ;
34 digitalWrite (PIN_IN2,LOW) ;
35 digitalWrite (PIN_IN21,HIGH) ;
36 digitalWrite (PIN_IN22,LOW) ;
37 }

e Sampling.h
o7 ZI NI FRIT A0 —RE—X2HHlTE27-00 05 LA TH S,

(O%CE: i) )

Y—Xa—F A.7T Sampling.h

#include <Servo.h>

=

2
3 Servo sv;

4 const int SV_PIN = 3;

5 void saishul(){

6 for(int i = 0;i<100;i++){
7  digitalWrite(SV_PIN, HIGH);
8  delayMicroseconds (2400) ;

9 digitalWrite(SV_PIN, LOW);
10 delay(20);

1}

12 for(int i = 0;i<100;i++){
13 digitalWrite(SV_PIN, HIGH) ;
14  delayMicroseconds(1500) ;

15  digitalWrite (SV_PIN, LOW);
16 delay(20);

17}

18 }
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