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Abstract

CanSat is a can-sized simulated small satellite, and this group has been studying the
design and operation of CanSat according to the regulation of the competition for the
purpose of participating in the Space Probe Contest, which is a CanSat competition.
In this contest, which is called ”comeback competition”, attitude control in the air or
on the ground and durability of the CanSat are the problems in the development. After
studying the solutions to these problems, we participated in the contest, and based on
the results, we upgraded the CanSat and conducted outdoor experiments. Although we
were able to participate in the contest and confirm the attitude control and durability
of the aircraft, the stability of the parafoil deployment in the air remained an issue.

Keyword CanSat, nano-simulated satellite, comeback competition
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csvidfiter Controller
path : String position : float
o servo : MGO96R, LG20MG
write()
Ism3ds1 - LSMIDS1
RIGHT : int
GFS LEFT : int

lock : threading.Lock
port : Serial
mpy_agps : MicropyGPS

get_data()

run()
thread_acquire()
thread_release()
get_gps_coordinate()

get_data_fomat()

meter_per_latitude : float
meter_per_longitude - float
goal_x : float

goal_y : float

MGS96R

pwm : GPIO.PWM

write()

LG20MG

pwm : GPIO.PWM

write()

set_meter_per_longitude()
set_goal_coordinate()
get_near_coordinate()
get_anagle()

get_attitude()
get_azimuth()
get_goal_distance()
latdifi_to_meter)
londiff_to_meter()
select_servol)

dis_gps()

LSMIDS1

driver : Driver
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class GPS(threading. Thread)
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GPS &

def get_gps_coordinate(self)
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def get_data(self)
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def read_gyro(self)
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def read_magnetometer (self)
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def read_acc(self)
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def write(self, data)
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class MG996R
P—RE—ZXE LTEHALTWS MGII6R ZHlHlT 272007 3 A TH2E, AaVANITI X
THEHRE VI pwm E— FTHRELTWS, PWM ¥4 7% 20ms TH 5 7= JAFEEIL 50Hz T
%&ﬁbf:o

def write(self, angle)
HllAH L 253 0.5ms 225 2.4ms TdH % mg996r IZBWT, 0005 180 EEFTOAEZIEEL.
P—KRE—XZHIEHT 2B TH 5,

class LG20MG
P—RE—X LTHALTWVWS LG20MG ZHl#HIT 270D 53X THb, AaYAMNFT I X
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RE LT,

def write(self, angle)
HFH SV 253 0.5ms 725 2.5ms TH S lgm20 IZBWT, 0005 180 EEZTOMAEERIEEL.
P —RE—X 2T 2R TDH 5,
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WY RN TREDLR VD, TaY 27 IR E-oTITCDOT NIV X AMGEEIZEH LT
W7z,

D%, XA T0T T Av2EERT Z2EBTIORERA 0 77 L0&ERE L2, RE
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T, = N=25RF>TL 27 =X YV EY 2 —AHEEOL I RO2EYIDEZ S X
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E—XZHBLZLSTH, REMIHKRAZRT AL ZD L TEI»ES L5k, 25352 LT,
N=Ro 2 7DHIFIP SIS, TPl PXUNR=DBZRETNEHTDA Y Y 2 —&X T
ZITZ 5 LD Gt 2E 2 72,
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3.2 fARNA LIRTEER
AR—=—RA T =73 T A METRICERNK LT TEREIT - 72,
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3.2.1 EERHE

11/6,11/7 ® ~HRE O HE THRNA K 2 TR T ERZIT o 720 EBRE VS TARE K O il >
AT LOEWEREE, XF 7 + A VDI OREET D - 7z,

FEERNE A2 RN X LTE L (B 25.3m) 2585 7 4 A LEFVZIREETIHR T L, #&E
L7z B AN U CORITREOEMER R T2 2 W D TH %, ZDEOIE FAFANIRETE A
THh., HEHRIIHR THIRD SMAEA MO ER EOMAICEE Lz, 51, Gt LT,
<4 aAYOBEFEE on ICL T AT AZEEIEIRETOR T L BFZ off I L CTHIEIZITDR
W 21T o 72,

F7o0 11/6 3R 11/7 13ILPEA NS 4m/s DR T Wz,

(XCH: REREIR)

3.2.2 EERER

2HMI T~ ayDEFRZ on I L7=HllH D DT % 6 [\, off ICL7=Hlill7z Lo TE 2 FD
FTOEDETEITo/2e BB, A aVOEFEZ on LR TDSH 1 EITEIRYT — 7 AhkT
JIREETHR T 2ITo T\ Z B THRICHBAL 72729, #lfliZ LoR T LTHKS,

NS T AL

2 HRET 9 MO T 2T Wb LE LMRITE BE, RITHOBEEME L LCid o9k
THETH 2 Z L BMERTE Iz, E7. E— X THERGI 00k 2 Z 21T X 2D fER b iR T & 72,
L L. HTEED SRAISETAHANEICEINTH R Y, (FHOBICEADD o722 L BFHE
L7, 2 HEHOBEE 4m/s DEATIEZOMHANEE TH o720, 1 HEOERDOEHFTH D 4%
DA D 57z, X512, 2 HHOH T OBICIZEICE > M TETHANRBICEDb>TLES &
YR LT DT HIERT & /2,

BRARIK

2 HRECEF 9 DK T 21T o 72D EBRRITHBAERIKLHNET D~ 4 a VICEBIZR SR 72,
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A
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BB EHIT, BT T 7 A NVDOERE K CHIHIZIEL {1TbI 208 5 22 MEE L 72,
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CEZAAIEIAIL T, LrL, 1 EORTTEED 7 7 A APERSINATNVE I DD -
J2o ZAUIT AT LD T LI2OBICHEHXNS ZEMNRRTH D, ZDHE THRAINITTDH
N, /I TWBeEZLNS, Lo TR TRMADIENSER L ¥ CHMEIZ KT T 2 aREMED
DY, ETIRAOZEN 2R T ERh) o7, HHICBVTIIER ST 7+ A VDDA, BHLF
2 & o TR FERICHERS 2 5 G I8N TNV 2 e hZh o720, Kl 712 S anFitashsz
BTFTIE, Y —ARE—XDB0VDdEF 0Kk I TENRRTZ3EERR LN, O hd, %
TREI RS G. §If T 1 2T AHFET I IR T CREEIEROSIFEINTTZ 5 Z & AR T % /2,

3.34 ERAK L

(XCH: REREIR)

Group Report of 2021 SISP -32- Group Number 15-A



Flying Autonomous Robot Project

BAE A22—T7—F2J
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#5121 Slack ZEA L7z, /2. BFRNE Google K74 7 TEH, HEZITV., —Hox 27 EH
I21% Notion Z{EH L7z, a— FOERIX Git, GitHub Z#H L 7=,
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AKIN—TTIEIHDAR=ZAT O =T a7 A MNIBMT %728, ZHEFTIZ CanSat > A7
LEFERIEZBEDH D, MO T v 27 MTHANTEID MR, 2070, fEEDH)
RILEEBL TN —TOEBEHEZITS 72HI12, Notion WSV — L REALFL v ITRY
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421 FLYIIRIAXYE

FLydvrI A beld HEBEEA LU TERT 2 22T, HieRAEREEBR LN LREE
KT [11].

FLyYerI Ry Mk ERAL ¢ XA 20 EZHTDRD 5, BEANIEANDFE - T
WBHIR ) UNY EEDSHETERVARMTH . TR BRSPS ER Y THRYE 3 55E1L
DARERAGRDO Z e TH B, ARF Ly IR I XY MIREHEGRTH D, Mz E LTl
RIEZENET 2 Voo Z e BRI T 2D DTH B35, KN —FTEIERM LT
N—FNTHAE, PEHEIEZ DB ROEE R CICESAZ Y T OEM 21T 7.
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OXSCH: SaARKERER)

4.2.2 O— RS

KT N—FTld CanSat ¥ A7 LTS5 a— F% Git, GitHub TEHZ1To72, Y073
JEREYELDIF3HTHY, zhehwiloTer s 02HF0T0W5D, Gt DT I F L
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COFETIE, FHEEREERED [N TUTON-REZOME Y . HREPAR—ZA T —7
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5.1 OS2V FORKER

COHETIE a2 bOERIZOWTIHER S,

O%3CE: RKAETHIR)
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Fo T RATa2BBEBEE L,
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5.1.2 KSR

AR—ZATB =7 AT AMIBEBWT, KEKIINT S 2 — FOEESRENTEEREZ UERH
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FER L 72 FIHICDWTE, BRI OBEMERIRII L2 e ¥ T o hd, T 744
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. EPEWKoTWZ 2, HHOMTHEZ RN Z ATV I L REDERNEZ N5, L
P, EFDrOHGF—LATEEETE L TLE > BARIETICE2EBETHREZDOL DRI AT
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TMHOMEH] Ly T7—2ay] XYV FV T4 @6 EBHEEE 0~100 KT, £hzh
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Y—ZXa—F Al main.py

import csv

from

datetime import datetime

import time

import pytz

import os

import math

import sys

from
from
from

from

util.GPS import GPS
util.csvWriter import csvWriter
util.LSMODS1 import simple

util.Controller import Controller

def fall_detection(gps, 1sm, threshold_acc_range, threshold_count) :

count = 0

while True:

#data = gps.get_data()

acc_x, acc_y, acc_z = lsm.read_acc()

# my_csv.write([data[’date’] [0], datal[’date’] [1], data[’date’][2],
# datal[’timestamp’] [0], data[’timestamp’][1], data[’timestamp’][2],
# datal[’latitude’] [0], data[’latitude’][1], datal[’longitude’][0],

data[’longitude’] [1],

# acc_x, acc_y, acc_z, 0, 0])

if (threshold_acc_range[0] < acc_z and acc_z < threshold_acc_range[1]):

count += 1
else:

count = O

# BFLTWS
if (count >= threshold_count) :
break

time.sleep(0.05)

def main():

con = Controller.Controller()

my_csv = csvWriter.MakeCSV()

lsm = simple.LSM9DS1()
gps = GPS.GPS(9,’dd’)
gps.start ()
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42
43 my_csv.write(gps.get_data_format())
14 # SETRA
45 fall_detection(gps, 1lsm, [-5000, 5000], 15)
46 data = gps.get_data()
47 gps_x, gps_y = gps.get_gps_coordinate()
48
49 my_csv.write(gps.get_data())
50 old_x, old_y = gps_x, gps_y
51
52 #print (’while’)
53 system_count = 0
54 while True:
55 data = gps.get_data()
56 gps_x, gps_y = gps.get_gps_coordinate()
57 dir_x, dir_y = con.direction(gps_x, gps_y)
58 LR, let = con.dis_gps(old_x, old_y, gps_x, gps.y, dir_x, dir_y)
59 my_csv.write(gps.get_data())
60 old_x, old_y = gps_x, gps_y
61 time.sleep(0.5)
62
63 system_count += 1
64 if (system_count > 60):
65 break
66
67 sys.exit ()
68
69
70 if __name__ == ’__main__’:
71 main ()
V—RXa—F A2 csvWriter.py
1 import csv
2
3 class csvWriter:
4 def __init__(self, dirPath, fileName):
5 self.path = dirPatht+fileName
6 if not(os.path.isdir(dirPath)):
7 os .makedirs (dirPath)
8 f = open(self.path, ’w’)
9 f.close()
10
11 def write(self, data):
12 with open(self.path, ’w’) as f:
13 writer = csv.writer(f,lineterminator=’\n’)
14 writer.writerow(data)
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Y—ZXa—F A3 GPS.py

—_

import serial

2 import time

3 import threading

4

5 from . import micropyGPS

6

7 class GPS(threading.Thread) :

8 lock = threading.Lock()

9

10 def __init__(self, local_offset=0, location_formatting=’ddm’):
11 super (GPS, self).__init__(daemon = True)

12 self.port = serial.Serial(’/dev/serial0’, 9600, timeout=0)
13 self .mpy_gps = micropyGPS.MicropyGPS(local_offset, location_formatting)
14

15 def run(self):

16 while True:

17 time.sleep(0.1)

18 try:

19 sentence = self.port.readline() .decode(’utf-8’)
20 if sentence.startswith(’$GPRMC’):

21 for x in sentence:

22 self .mpy_gps.update (x)

23 except Exception:

24 pass

25

26 def thread_acquire(self):

27 GPS.lock.acquire ()

28

29 def thread_release(self):

30 GPS.lock.release()

31

32 def get_gps_coordinate(self):

33 GPS.lock.acquire()

34 data = self.mpy_gps.latitude, self.mpy_gps.longitude
35 GPS.lock.release()

36 return data

37

38 def get_data(self) —> list:

39 GPS.lock.acquire()

40 t =[]

41 key = [’date’, ’timestamp’, ’latitude’, ’longitude’]
42 t.append (self .mpy_gps.date)

43 t.append (self .mpy_gps.timestamp)

44 t.append (self .mpy_gps.latitude)

45 t.append (self .mpy_gps.longitude)

46 _data = dict(zip(key, t))

47 GPS.lock.release()
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48

49 data = [_data[’date’][2], _data[’date’][1], _data[’date’][0],

50 _data[’timestamp’] [0], _datal[’timestamp’][1], _datal[’timestamp
1027,

51 _data[’latitude’] [0], _data[’latitude’][1], _data[’longitude
>][0], _data[’longitude’] [1]]

52 return data

53

54 def get_data_format(self) -> list:

55 data = [’year’, ’month’, ’day’, ’hours’, ’minutes’, ’seconds’, ’

latitude’, ’direction’, ’longitude’, ’direction’]
56 return data

V—RXa—F A4 simple.py

=

import sys, os

2 import time

3

4 #sys.path.insert(0, os.path.join(os.path.dirname(__file__), ".."))
5 from 1lsm9dsl_rjg import Driver, I2CTransport, SPITransport

6

7

8 class LSM9DS1:

9 """This example shows how to poll the sensor for new data.
10 It queries the sensor to discover when the accelerometer/gyro
11 has new data and then reads all the sensors."""

12 def __init__(self):

13 #self.driver = self._create_spi_driver()

14 self .driver = self._create_i2c_driver()

15 self .driver.configure()

16

17 O@staticmethod

18 def _create_i2c_driver() -> Driver:

19 return Driver(

20 I2CTransport (1, I2CTransport.I2C_AG_ADDRESS),

21 I2CTransport (1, I2CTransport.I2C_MAG_ADDRESS))

22

23 @staticmethod

24 def _create_spi_driver() -> Driver:

25 return Driver (

26 SPITransport (0, False),

27 SPITransport (1, True))

28

29 def main(self):

30 try:

31 count = 0

32 while count < 2000:

33 ag_data_ready = self.driver.read_ag_status().

accelerometer_data_available
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34
35
36
37
38
39
40
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42
43

44
45
46
47
48
49
50
51
52
53
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57
58
59
60
61
62
63
64
65
66
67
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def

def

def

def

if __name__ == _main_

if ag_data_ready:
self.read_ag()
count += 1
time.sleep(0.05)
finally:

self.driver.close()

read_gyro (self) :
try:
ag_data_ready = self.driver.read_ag_status().
accelerometer_data_availabe
if ag_data_ready:
temp, acc, gyro = self.driver.read_ag_data()
return gyro
else:
return None
except Exception:

pass

read_acc(self):
temp, acc, gyro = self.driver.read_ag_data()

return acc

read_ag(self):
temp, acc, gyro = self.driver.read_ag_data()

print (’Temp:{} Acc:{} Gryo:{}’.format(temp, acc, gyro))

read_magnetometer (self) :
mag = self.driver.read_magnetometer ()

print (’Mag {}’.format (mag))

J ).

LSMIDS1 () .main ()

Y—2Xa—F A5 servo.py

import time

import RPi.GPIO as GPIO

class MG996R:

def

__init__(self, pin):
#GPI0.setwornings (False)
GPIO0.setmode (GPIO.BCM)
GPIO.setup(pin, GPIO.OUT)

self.pwm = GPIO.PWM(pin, 50) #50kHz
self.pwm.start (0)
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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
54
55
56
57
58
59

def __del__(self):

self.pwm.stop()
GPIO.cleanup()

def write(self, angle): #0 ~ 180

if angle < O:

angle = 0
elif angle > 180:
angle = 180

dc = angle * 9.5 / 180.0 + 2.5

self.pwm.ChangeDutyCycle (dc)

class LG20MG:

def __init__(self, pin):
#GPIO.setwornings (False)
GPIO.setmode (GPIO.BCM)
GPIO.setup(pin, GPIO.OUT)

self.pwm = GPIO.PWM(pin, 50) #50kHz

self.pwn.start(0)

def __del__(self):

self.pwm.stop()
GPIO.cleanup()

def write(self, angle): #0 ~ 180
if angle < O:

angle = 0
elif angle > 180:
angle = 180

dc = angle * 10 / 180.0 + 2.

self.pwn.ChangeDutyCycle (dc)

_name__ == ’__main_

).

1_servo = MG996R(18)
r_servo = LG20MG(12)
time.sleep(1)

i=0

while i < 3:
1_servo.write(0)
r_servo.write(0)
time.sleep(1)
1_servo.write(90)
r_servo.write(90)
time.sleep(1)
1_servo.write(180)
r_servo.write(180)
time.sleep(1)

1_servo.write(90)
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r_servo.write(90)

time.sleep(1)

i =

i+ 1

print (’fin’)

Y —ZXa—7F A.6 Controller.py

import math

from .

from

import servo

class Controller():

def

H O H O H H OH

. .LSM9DS1 import simple

__init__(self):

self.position = [

[41.833705, 140.770666]
[41.833705, 140.770666]
[41.833705, 140.770666]
[41.833705, 140.770666]

self.
.RIGHT =

self

self
self

self.
self.

self

self.

self.
self.
self.
self.

AP A]

self.
self.

LEFT =

1

.meter_per_latitude = 111.111 * 1000 # 111.111km/degree

.meter_per_longitude = 0

1sm9ds1

servo =

= simple.LSMIDS1()
[servo.MG996R(12) ,servo.MG996R(18)]

.servo [self .LEFT] .write(0)

1_servo

r_servo

goal_x

goal_y

1_servo.

r_servo.

servo [self .RIGHT] .write (0)

servo.MG996R (12)
servo.MG996R (18)
write (0)
write(0)

nn
o O

AO—ALERTx @AMICEAR L E. 7—)L FERT x,
yEHOEY550FEICET DL ZHIE
def (self, gps_x, gps_y):

dis_x

dis_y

= gps_x
= gps_y

- self.goal_x
- self.goal_y

if(dis_y >= 0 and dis_x >= 0) or (dis_y < O and dis_x < 0):

return O
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42 # else:

43 # return 1

44

15 # REMDSFRHEVE—T Y FORBRE , BEZRT

46 def get_near_coordinate(self, gps_x, gps_y):

47 distance = float(’inf’)

48 tmp = 0

49 i=0

50 selector = 0

51 for position_x, position_y in self.position:

52 tmp = math.pow(abs(position_x - gps_x) + abs(position_y - gps_y))
53 if tmp < distance:

54 distance = tmp

55 selector = i

56 i+=1

57

58 return self.position[selector] [0], self.position[selector] [1]
59

60 # EE2DO0AEEZIS

61 def get_angle(self, old_x, old_y, gps_x, gps_y):

62 return math.degrees(math.atan2(old_y - gps_y, old_x - gps_x))
63

64 # IREEDSZEZA (roll, pitch) ZED

65 # http://watako-lab.com/2019/02/15/3axis_acc/

66 def get_attitude(self):

67 ax, ay, az = self.lsm9dsl.read_acc()

68 roll = math.atan2(ay,az)

69 pitch = math.atan2(-ax, math.sqrt(ay*ay + az*az))

70 return roll, pitch

71

72 # roll, pitch, MESKEISHUAZID

73 # https://myenigma.hatenablog.com/entry/2016/04/10/211919
74 def get_azimuth(self):

75 # read_magnetometer is not return values, so needs fix
76 mx, my, mz = self.lsm9dsl.read_magnetometer ()

77 roll, pitch = self.get_attitude()

78 sin_r = math.sin(roll)

79 sin_p = math.sin(pitch)

80 cos_r = math.sin(roll)

81 cos_p = math.sin(pitch)

82 my = mz*sin_r — my*cos_r

83 mx = mx*cos_p + my*sin_p*sin_r + mz*sin_p*cos_r

84 return math.degrees(math.atan2(my, mx))

85

86 def set_meter_per_longitude(self, latitude):

87 self .meter_per_longitude = math.cos(latitude)

88

89 def latdiff_to_meter(self, diff):
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90 return self.meter_per_latitude * diff

91

92 def londiff_to_meter(self, diff):

93 return self.meter_per_longitude * diff

94

95 def get_goal_distance(self, gps_x, gps_y):

96 londiff = self.londiff_to_meter(abs(self.goal_x - gps_x))

97 latdiff = self.latdiff_to_meter(abs(self.goal_y - gps_y))

98 return math.sqrt(math.pow(londiff,2) + math.pow(latdiff,2))

99

100 def select_servo(self, let):

101 if let > O:

102 return self.LEFT

103 else:

104 return self.RIGHT

105

106 def dis_gps(self, gps_x, gps_y):

107 goal_distance = self.get_goal_distance(gps_x, gps_y)

108 azimuth = self.get_azimuth()

109 # BESHZEIICTS

110 goal_angle = self.get_angle(gps_x, gps_y, self.goal_x, self.goal_y) -
90

111 let = goal_angle - azimuth

112

113 selector = self.select_servo(let)

114

115 if goal_distance <= 1:

116 self.servo[selector] .write(180)

117 fin = True

118 else:

119 self.servo[selector] .write(let)

120

121 20

122 # EORTAEICEDETCE—2Z2EHH I EDEIX
gps_LR D¥IERBLEBETANTERAE

123 def dis_gps(self, old_x, old_y, gps_x, gps.y, dir_x, dir_y):
124 dis_goal_x = abs(dir_x - gps_x)

125 dis_goal_y = abs(dir_y - gps_y)

126 asin_now = self.get_angle(old_x, old_y, gps_X, gps.y)
127 asin_goal = self.get_angle(gps_x, gps_y, dir_y, dir_x)
128 let = asin_goal - asin_now

129 abs_let = abs(let)

130 LR = self.gps_LR(gps_x, gps_y, dir_x, dir_y)

131 if dis_goal_x + dis_goal_y <= 0.002:

132 self.1l_servo.write(180)

133 fin = True

134 elif LR == 0 and let > O:

135 self.l_servo.write(abs_let)
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def

#print (*hidari’)

elif LR == 0 and abs_let < 0.1:
pass
#print (’iji’)

elif LR == 0 and let < O:
self.r_servo.write(180)
#print ("migi’)

elif LR == 1 and abs_let < 0.1:
pass
#print (’iji’)

elif LR ==1 and let > O:
self.r_servo.write(180)

elif LR == 1 and let < O:
self.1l_servo.write(abs_let)
#print (*hidari’)

return LR, let

)3

set_goal_coordinate(self, x, y):

self.goal_x = x

self.goal_y = y
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