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Abstract

We developed the device to collect the data of the underwater environment. Nothing is to be found
simply researching underwater, we developed this device to predict how the underwater environment
will change in the future. This time, we programmed it to collect data of the underwater temperature
with the inner sensor protected by the waterproof shell we made. We found this device is able to

check the underwater temperatures.
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Raspberry Pi Zero WH Raspberry Pi Zero WH A A BB - Gk
AD 2 VN — 2 — MCP3208 VPR VAL
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A/D Converters with SPI Serial Interface
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TN TUVRE NJL7502L MRS HA

£, AROFTRETIR 2D®Y THS

#® 2 FTRE
CPU 1000MHZ > > 7 v=7 ARMI1176JZ-F(ARMV6)
oS RASPBIAN GNU/LINUX 10 (BUSTER)
AE]Y 512 MB RAM
=AW GCC8.3.0
PYTHON PYTHON 3.8.6
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$ python3 main.py

start

datetime=2020-11-05 15:45:10.624622, temp=21.63525390625
datetime=2020-11-05 15:45:10.627967, 1x=0.0Lux

i L R Y

datetime=2020-11-05 15:45:11.639079, temp=21.90527343749999
[7] datetime=2020-11-05 15:45:11.641383, Ix=0.0Lux

[ 8] L

[9] datetime=2020-11-05 15:45:12.649349, temp=20.13281249999999
[10] datetime=2020-11-05 15:45:12.651549, Ix=0.0Lux

[11]  #++++trt bt trbbbHHHE

[12] datetime=2020-11-05 15:45:13.658976, temp=22.71093749999999
[13] datetime=2020-11-05 15:45:13.661034, 1x=0.2384765625Lux

[14]  +++++++++tttrtrtttttt -t ++4+4

[15] datetime=2020-11-05 15:45:14.668988, temp=21.53564453124999
[16] datetime=2020-11-05 15:45:14.671314, 1x=0.0Lux

[17]  #++++ttt bt tr bbb b

[18] datetime=2020-11-05 15:45:15.688320, temp=22.21337890625
[19] datetime=2020-11-05 15:45:15.690500, 1x=0.2384765625Lux

[20]  #++++trrr bbb

[21] $m

- 117H Clmain.pylZ 317 L, 7'm 7 7 LBiAG.

- 24THD[start]l%, 71 7T LB EE%T 5.

*3~51TH 6~81TH /& ®», “4+” TRULNTVWDLI{THE LA ILELT,
RE LT AT R IC 2 2 £ T, 2OV A 7 A0 iREND.
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#F4 DATA.txt O

datetime=2020-11-05 15:45:10.624622,temp[°C]=21.63525390625]
datetime=2020-11-05 15:45:10.627967,I1x[Lux]=0.0]
datetime=2020-11-05 15:45:11.639079,temp[°C]=21.90527343749999]
datetime=2020-11-05 15:45:11.641383,Ix[Lux]=0.0]
datetime=2020-11-05 15:45:12.649349,temp[°C]=20.13281249999999]
datetime=2020-11-05 15:45:12.651549,1x[Lux]=0.0]
datetime=2020-11-05 15:45:13.658976,temp[°C]=22.71093749999999]
datetime=2020-11-05 15:45:13.661034,1x[Lux|=0.2384765625]
[datetime=2020-11-05 15:45:14.668988,temp[°C]=21.53564453124999]
[datetime=2020-11-05 15:45:14.671314,1x[Lux]=0.0]
[datetime=2020-11-05 15:45:15.688320,temp[°C]=22.21337890625]
[datetime=2020-11-05 15:45:15.690500,1x[Lux]|=0.2384765625]
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RaspberryPi<° AD =t L R—H —DA L H—T = — A L AHINZHOWTIL, 4_X— T & 5.
# 5 CONFIGURATION BITS FOR
THE MCP3208

RS THE MCP3208
« AD 2 v ¥—%— (MCP3208)
Control Bit
BB T F L CHx (0<=x <= 7) Roi@fF Hiis || Selections input | Channel
Single o2 | o100 Configuration | Selection
X, AD 2o R"—=Z—LD@EfEEy hO 5 b, w@fE/3 || o
~ 1 0 | 0| 0 | single-ended CHO
= — A A S =A==
TA=H DG TRETED. 1 | 0|0 1] singleended | CH1
N f=m 0 = i = 1 0 1 0 single-ended CH2
= N — = 1 :
BIR/AT A= 3ARL (R5) DL, 1 0 | 1] 17 single-ended CH3
1(H|gh) or O(LOW)O) AHTOAEDLETHRETE S, 1 1| 0| 0 | single-ended CH4
1 1 0 | 1 | single-ended CHS
1 1 1 0 | single-ended CHB
1 1 1| 1 | single-ended CH7
0 0 0|0 differential CHO = IN+
CH1 = IN-
0 0|01 differential CHO = IN-
CH1 = IN+
0 o|1]|0 differential | CH2 = IN+
CH3 = IN-
0 0 1 1 differential CHZ2 = IN-
CH3 = IN+
0 1 0|0 differential CH4 = IN+
CH5 = IN-
0 1 {01 differential CH4 = IN-
CHS5 = IN+
0 1 1 0 differential CHB = IN+
CH7 = IN-
0 1 111 differential CHB = IN-
CH7 = IN+
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tconv
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SAMPLE DATA

* After completing the data transfer, if further clocks are applied with cS low, the A/D converter will output LSB
first data, followed by zeros indefinitely (see Figure 5-2 below).

** toara: during this time, the bias current and the comparator power down while the reference input becomes
a high impedance node, leaving the CLK running to clock out the LSB-first data or zeros.

FIGURE ] Communication with the MCP3204 or MCP3208.

B 8 Communication with the MCP3204 or MCP3208.

DX DT, SPIEETIX 4 ADES# (CS,CLK,DinDout) TiE#fET 5.

- CS (Chip Select) 1%, HIHIROT NA X %IRRT D720 D(E5H7Z. (Bring CS pin
OVI[LOW]) FEERIZK 8 # R CTHADH L, CS 2 Low DIFIZ, fofFE5MTEEL WD L
WD,

* CLK(CLocK) i, #1595 T A R[E+TDHX A 2 v T HEhE 512D ORYHOE 52,
M1#x#/5E, CLKOZ vy 7 IZHbYE, MOESHTEELTND Z ENmNnD.

* Din [T~ A % — (RaspberryPi) "6 AL —7 (AD 222 /83— —) FHNZT — % k5T
5728, Dout (ZAL—TNb~vAX—FAILT —F &£ ETHDDEZHRTHD.
FIGURE2 # . C#H % &, £ Din Tv A X —nHilfg/87 A —4 72 ¥ 225 L TH 5, Dout
TAL =T NBERE TSRS TND Z EDBRN5.

hoxH %%&ﬁ1f%bt%@#%?@l@%&é

AD 22 RN—FZ =B LN EITH < EFTEEVIDADTD, TN EEZEiuE LTz

cs
MCU latches data from A/D
converter on rising edges of SCLK

SCLK 11 12| (3] (4] |5] [8] |7] |8 9 1

Data is clocked out of A/D t bttt
converter on falling edges

bttt ottt

Din
Pour - "eirferferofes)ieof_e7 fesfee)(msfesez= ()
Start
MCU Trans Bit
iﬁ%%“ﬁ&“.”&él{”““g | of o of o] of " Ffoz] [oifoo] xTxTx[x[x[x] [XIXTx[x[xTx]x]x]
MCU Received Data
- i R ) K K K [ ) KA O 2 W O I D B
Data stored into MCU receive Data stored into MCU receive Data stored into MCU receive
register after transmission of first register after transmission of register after transmission of last
X ="Don't Care" Bits g pjtg second 8 bits 8 bits

9 SPI Communication using 8-bit segments (Mode 0,0: SCLK idles low).
9
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* ICIEE® ¥ — (LM61CIZ)

IO —IZBWT, BE[V]DHIEEPCUIHRET 5 7-DIIZL TR 2 HHT 5.
Vo=10mV/°CxT°C+600mV

FoTEAELT,
T(°C)=(Vo-0.6(V))/0.01(V)

Vo =10 mV/°C x T°C + 600 mV
where

* Tis the temperature in °C
*+ Vg is the LM61 output voltage

7+ PS5 PRZ (NJLT502L)
ZOR P —IZBWT, BEV]D S BELUXICHRE T 5 72O ZL FToX &2 # 1+ 5.

[luminance[Lux] = (L X 10°) x 2.22
~ “R[k0] x 103 '
ZoRE, AREOK T 0V & ITTITHER LTz, Pholocurrentve. fuminance
10000
photocurrent[pA]) 1000
= Illuminance[lux] + 222 |z
= 100
A—LOER I[A] = E[VI/RQ] &AL |5 1
<, 1
. VIE]
[lluminance[Lux] = (—— X 10%) x2.22 0.1
R ["Q] 1 10 100 1000 10000 100000
llluminance (Lux)
—ligtSarce A — —WhteLED
10 Photocurrent vs. Illuminance (Ta=25°C)
LT
Iluminance[Lux] = (L X 10°) x 2.22
R[k0] x 103 '
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U —DEEE T D 72O DN L THZ WD, AL OIEREZAT 5 [main.py] & 135
2, MAEY 22—t LT —BEOBuIER L.

X 11127 7 A MR X & # T

Python/
I OBSERVATION_DATA/
|- pythonmodules/

| |- _init_.py
| I ADconverter_module.py
| L sensor_module.py
- main.py
B 11 7 7 4 VBRI
main.py

@M - EFRRL

+ sensor.Ix_resistance

fill : 7.5

Y AV el N 575 T RRAE IR 71K R AW

“sensor.” C, [sensor_module.py]NDZEE~T 7 & X)

+ adc.Vref

fid : 3.3

AD =N —=Z—D ) 77 LAEE (EOREE T REN 245 7E)

(Pade.”"C, [ADconverter_module.py]NDZEE~T 7 & X)

* spi_channel

fi: 0

SPI #2f5itkas D& = CEx  x=0-1 (0-2 for the auxiliary SPI)
* baud

it : 50000

W{EEE /32K-125M (values above 30M are unlikely to work)
+ spi_flags

fE: 0

spi HEfgils DA v a v/ 2 22 By M A 10 RIS L TR
* run_duration

fig : 30

FATHkGC R / (seconds)
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@ X777 AN
* Python/OBSERVATION_DATA/<//7 & 7' L FE{THF A Bf>/DATA. txt
BRI —DEE ST HT2DDT XA R T 7 AL
77 A NVHNOREEIL, 11 2=V D7 7 A WA & SR,

_init_.py
MEEY 22— R 3B I 272007 7 A )b. THITEH.

ADconverter_module.py
@K - ERRE
* Vref
fE : None
U757 v VAEE (EOREE CEHUEARENZ 1R E)
mainpy 2257 7 A L, EEERETS.
@7 — X ik
+ adchl] <class 'list'> :
A/D =2 /X — X —[MCP3208] Dt 4BV 72\ F v > %)L CHx (0<=x<=7) % E
T 5.
+ data {} <class 'dict™> :
AD =2 RN —Z =B HE LRI T E—%
B Lotz F ¥ %V CHx (0<=x<=7) 1%, <None’>&725%.

@B DA%
+ get_MCP3208(adch)
& 6 def-get. MCP3208

B SPI {5 T AD = > /X\— % —[MCP3208] 7 bl & et e 72 8 D B%KL.
2R3 5EHK | hndl
5%k adch <class 'list™> :

A/D =12 /N—% —[MCP3208] DB f% L 72\ F ¥ > R /L(CHX)— &
B’ A data <class 'dict™> :

AD 2 R—=FZ =MoL E LRI TE %

(Bf& L7271~ 72 CH X None))
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sensor_module.py
@ik - EH Y
+ Ix_resistance
fif : None
HREE & o — T B4 2 HRBLfE
main.py 7257 7B A L, HE#ETH.
@7 — ZiiE
+ temp{} <class ‘dict’>
IC IREE L —00HE LA HE L b0 LM EZ £ L iz, RfEr7ekER
ELDD.
* Ix{} <class ‘dict’>
TA MR T VRN OESE LB R A L2 b O LA £ LT, Rfkrie
fREFELDD.
@RI DAk
* temp_LM®61CIZ(volt)
& 7 def-temp_LM®61CIZ

B IC iRE & > —LM61CIZ Z 85 L7z AD =2 /N\—X —n b Ofi%, TRE(°C)
(ZEH 2 B

518 volt <class ‘float’> : AD = > /N—& =726 DFEE[V]

Y fE | temp <class ‘float™> : & FE(CC)IZEHL L7 fE

* IX_NJL7502L (volts)
8 def-Ix_NJL7502L

B T4 b b TP AH NILTS02L % #5ke L7= AD 22 L /N— 2 — D DfE %
FEE (Lux) 12 227 % BE%K

S35 EH | Ix_resistance

5% volt <class 'float'> : AD = > /S— & —7v b OFEE[V]
RV i Ix <class 'float> @ FEEE(Lux) (2844 L 7-fE

Ty XN

main.py

1. 7477 V%A AR— b
2. AEEY 22— V%A VR — b
3. UTDTn T heilkisd (LI, PIEREETT D)
i. SPI BAR DR - &2 ES - 1WA
ii. T /34 A7 —7">(Open SPI device on channel 0 in mode 0 at 50000 bits per second)

13



iii.

FNA AA =T L TE Yol h, TRTTLERT

. 3 T AttributeError 3’725, =7 —RXA v b= 2FRL, TR TAEKT

[start] &7 5. (FRZEMKIZRL)

. 7 4 /L% [OBSERVATION_DATA/] & {Efk

. WL FT 4 L7 U Z[OBSERVATION_DATA]IZ #H)

. BUfE H R 2 B
[OBSERVATION_DATA| FiZ, ®i#k~7 4V & [KFEATHRL 4> /12 ER. D Fig, &5

HH 7 # /v A [pictures/] & 1ERL

e T = T s T o S = S SOy S
N OO o ok W N = O

[

ii.

iii.

18.
19.
20.

HUy bNT 4 v N BSR4V F [KEITREE4D /1 ICE)
ZEH [DATA_txt]IZ[DATAXE] 7 7 A V& iR TE
BT — # 5d% ] O[DATAX] T F A b5 — & & ERL

DATAIxt] ZPI< (FEIAZEH)

AV b T4 v B ETISRT
FE TRk 2 2% [run_duration]icfXA L, RET D
BUERZ] + EA Tk e 25 L, T PERZZRD 5
BUEREZI 3 T TERFZI LV bRTTH DM -
AD =12 /X—% —@ CHO,CH1 b ig #2155 . (HIEEY 2 — OB ZIFOHT.)
[Python/pythonmodules/ADconverter_module.py -> def get_ MCP3208(adch)]

i NBELNTEREAEE (BETY2—L: UF) ICEL, ThAZhiELz
HNICHE TS, ThHDT—4 %2 U A MIE e, TFA T —X I ik
F7o, HEIZHERTTD.

[Python/pythonmodules/sensor_module.py -> def temp_LM61CIZ(volt)]
[Python/pythonmodules/sensor_module.py -> Ix_NJL7502L(volts)]
XEIO#” +7 ZFRRL, 1RIRZ, 17-IZ R - TR0 kT

SPI 74 Z%&EPAL D

TEAMEMHALD

A=A N (N

Python/pythonmodules/ sensor_module.py
* temp_LM61CIZ(volt)

1. FBE[VIDHIRE[CClCHRE T S
2. WELLU-IEEAIRT

+ temp_LM35DZ(volt)

1. BIEV]I»HBELuX]ICE TS
2. R LU/-MEAZIKT

14



Python/pythonmodules/ADconverter_module.py
1. BT —2RGEHOT « 7 v a5 Y [data{}] & 1ER
2. Bl adch[I TIHRE S NIZTF ¥ RO DSy, #v I .
i.  SPIAERFICMEEZR lhyte HICRAT RET—H ZEH L,
ZE ¥ [first_byte]lC A

S IRREE EEEEEEE EIRREEEEEEEEEE oo SIRREEEE +
| Ob | 00000 | [StartBit] | [SGL/DIFF] | [D2] |
+--—+ + + + +

Ob : 2 B A5
00000 : 8bit |Z 9~ 2% 7= 1Z 0 THisE
1: Start Bit
1:SGL/DIFF + - - Input Configuration/[0 or 1]
0: Z DI D2 DENAS.
ch>>2 : D2 D
ii.  SPIMB{ERRIZLE R 2byte HICHRATRETFT—Z 2FHE L,
2% [second_byte]iZ A

+ + + +
| [D1] | [DO] | 000000 |
+ + + +

ch&0b011 : D1 & DO DA
<<6:6 [0] &5

iii. SPI C AD =12 /3— % —[MCP3208]/ 57— 4 Z HifS 3 5.
first_byte : 1 231 k H ? 8bit 0 458 + Bi4A bit+HI1H bit
second_byte : 2 /31 K H® 8bit il fH bit+0 #fi5E
0:3/3¢ hH® 8bit 0 ise

iv. BIfER A 2 s (Rodm)
V.  HiTCHSGLET =2 &2 BT <INLT 5. (GRo 7oy 2 HIER)
rx_data[1] : A7 4bit & + L 4bit 7 — ¥
(rx_data[1] & 0b00001111) : {7 4bit Z fhH
+rx_data[2] : JCRE D 4bit (2 8bit % T
-> - 12bit A0
Vii  vORWDTIET—F 2 BIEVICHE
Vii.  ivywiDT =X ET 4 7 v a T UIERAT
viii.  vii&Z iR

15



5. BT
S EOBINT, FOLE NS H T E T 4 TH 23 BFEHCB W TEmR L. (X 12)
(35°41'50.9"N 139°29'34.5"E)

35°41'50.9"N 139°29'34.5"E

35.697460, 139.492902

O ® © 6

A=k - RE HEERR A3—h7 A ’ R Cm— —
-] AVICRE -

Q  F1840014 MRIIEHTRABA4TEZ 3

Se MEWVHXS hEFHT. BRE

Q, RS> TWEWEREEN

W, asorviamEgsen

D s~EEm

12  EREE

BP)INEESSFITCAKIRE L COMHAKERD, RAERIIIZEINIES AT —R)I TH
Do ZO0 T, g (iKIE) 250 4m. JKTRK) 80cm TH 5.
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27 1

N
26
25 1

24 4

temperature["C]

23

22 1

21 A

50 100 150 200 250 300 350 400
XK 13 HIELZEELERDST T

=

2020/1172 () \TAT > =B OBRIC, Br P —ic k> THELNET — 4 ZiRE£/RIC L
L7z, £ LT, ZOREFR ORI ZX 13 (7. £ 13 1, Bz tD 5
Aiif: D 17:02:57~17:04:49 & BIHIEEES 2 5| < H1F 2 Rit% O 17:11:16~17:16:16 @ 2 [R[DFT — X
EEKRESET, 150K ELTNA.

X 13 1R IE LIZIRE LB O 7T 76, BEY U —3ENICEES BT LR
T 7 TCRENRMBEMEND ZENTET. Y HOBMTEH VKRBT OIKIEDN T
MO B D EB 2 TR, REITB EZE 400 B ORETR > e EO K X
REGITR OGN0 T.
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7. BE
BEE 20 D FE TIIAKRHFIZHED T BEOIREIR T, 225 R LABEDOIREE FAIIKF NS5[ & BiF
TBEORE LAIZEEZ NS,

IREDEAED < £1°CREE BN L7l & LTI AD 22 3 —F — D43 fRaed i < (i
/NFRBE 0.122°C) REE Y —DORIERZEDO R KEIF£ICTH L2, BEE S —hb
DENREBIEOZEL B HMEICKMR I N EEZBND. Lo TEMRIRE A 22X
AT 5 B~10 D OEfEZ P LIZIED) BNRWEW D Z LR35 h o Tz,

HEELETRD L, ZOEEORTTEHN - FLEkE TE 2LV ) 5T, BOBEIZHA
I L U TR T2 T2 O RN B LWWKHF 28T 2 ECETHAARV AT A TH D
LEZLND,

X 14 BHENCHER L 2BEv v ¥ —
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8. AStkDiE

WIHIBRETlIE, MKBRICH A T 2 LR BT TEL 7. LrL, Y7 hu=T
HOFHFIZEL D FEEEZRIXE VI D220 Rol. DA TOHREEITH Python 7 A 75
UTHs T0penCV] NA v A =L TERPST=DFE. FERIZLL T Y IcEZ NS,
RaspberryPi OBREEMEZEIZAMERH Y, Python BIEOT « L 7 b U &G Z 2 TX T 72eh
S22, apt-get 2~ NI LW pip, pip3 ZFH L7- OpenCV DA > Ak — LIRFIZ RTEN
FBELTCLESTZLETHS.

72, [mainpy]D A A v—7 (191TH~99 1T A D, #BH - 508k - FREITOES) T
X, 1RPREIRE (99 17 H @ time.sleep(l)) T/L—7 LT\ 5 &t L7223, FEBIL Mtime.sleep(1)
D 1R ORIA- B - Fodk - ZOROWEIZD DD HEE] ] TL—7LC0b70, 1LY
DULREWHBETL—7 LT\, £z, S8l - G - RROLBITH ) 5 I E OFBEE
WU 3 72 572D, 10 S UBREOENELTCLE Y. (GRIOANTHIL) 0
FEORERGITENMMILTERWERI D, WETLOThHNIX, AU —TFEEMEL
DDA L EFBIOYT ALy RTHEIT ([threading]’e ED T A 77V &) +52&T
KETED.

F91%, [ PC (=RaspberryPi =Dt D % #{E7J % PC. RaspberryPi BIADRE R &%
L7z) & OEEEIZONTE, SRlOT v/ T AT, PC XL © ssh (& 7=1% Bluetooth Serial
Login) ZfEWVW =l /A4 o352 L1108~ C, BRTYr 78523 TLIZUREL
720 L7z, 7205, RHiE PC & RaspberryPi [ @O 23841 C L% 9 &, RaspberryPi 7'z 27
7 LSHRAIRE T LT LEW (=SIGHUP), BlZ#KLTS 52 ENTE R >TLED. &
ENIKEED D o T2, IKOFE T 70 < FHfi<—> RaspberryPi ] DB {E IZKIEZLE L T
WS, BRI o ERWEFTCEINT L, KORBTEEN/SEELTLEY, i<
RaspberryPi [ OEENEIND Z EI1IMFETH D, Lo TRHE & OBEYI T LB 2
ToN2 LT IHNERDD.

WERELTIE, 2070l I L5k E0c Ny 7 75 RTEREITS, L) &
METHND.

TIEIZFETT %6 () 1T,

$ python3 main.py

7273, nohup =~ K (Linux =<2 K) ZLUTOX AT 5Z LT,

$ nohup python3 main.py &

SIGHUP ¥ 7 F )L &5 T - TH IR L T, FATLKL 5 2 &N TE D,

ZDOXIIZ, python 7'v F T AT TR, ERUREEAEZHZ LR H o T

Z O RaspberryPi ZEH L TWDENSA LNy T U —, BRSO L (10 ) #A37%E
ZHBBICIEDTLE D EWIHERRICAR>TWD. ZhiE, RaspberryPi O Z & A& F/31 L
N7 U =0 L TWenwzd, NyF =Rt —rF72LTWn5HEExLND. =
DA—FE71E, NoT U —H{l#IC RNHDHT-DMNTNDE EEZLNDDT, HkOEN
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ANy T V=T, B0 ZRER (VFULLA4Y) ZROMTHZETIORE
iR cEx 5 L bhs.

Z OFLFEDILPR 72 51X RaspberryPi 134 —/R— 2~y 7 FEH L HICHKETZ. CFFEIC
BAT Lt - HIbz X5 & L bIg, HBAICL>TUEARM ~ A 2 IZBITT 52 bR
ALV,

F 7=, RaspberryPi IZHAFE L CWA /Ny 7 U —n288kJC L% 9 &, RaspberryPi 2358
T LTLEV, RaspberryPi ZDHONENDHKIZZR>TLE Y. ZOX IR &2l
R B - 7=D T, 5%, N7V —»NEEDTOOEE L RaspberryPi 24— kv %
v N T HHERE S FEIE LT,

A a2 AD 22 3— 4 —(MCP3208)i1% 8 F v > R /LA TH 0, ARl SfE L 7= AR
IZEVEL DB —2 G TE D20, AD 23— % —DOPRE 2 e KIRICTE )M TR
Molz, TNDZ 5B L —OfE & 2D -0,

BRI OERICEE 2 R I BPEE D ICK WE I IR L 2R N2ty T U —
MEEKRTHIENHKDLEB T

Z LT, A& EFEBICE Y —OEEN B L Ok Li-iRE
oY —ORy bR ROBRBNOAKPMBALTZATRELEZ BILD. ZOHRICBNTYH
B BB KM D FEARRE DS LB TE & B 2 T

FIoEF TAEOHE TIL, A BIOK 6 43 OB TIEa< BIEIZIZR B 2o 7eny, I ErG
MNTL DI EIERITIDPEBROMIIE 20D 2 0Ny TV —OFRENEMR OB
HIZBW IS A X =T alREEN 5D &5 2 7.

RAEHZRBETH D DKTORELZ TS 5] ZLicao<ewll, ttri—Lez
EHR L AT OBg S 5 8T Python O E T 7 A 77 U Th 5 Scikit-learn Z JH\ 5 Z
LIZEY, BMEHFESOT 20O FEHETVWKTORELZ TRTELL91CT5. 20
2OIl, EHICRMHBINTAZENTELI I Ny TV —%2UFEL, KHET TR
K[OBRBE LB L Tl 2 2 i k- TEIEEEOEALIC R ITF 20,
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9. HIEF

AIEOEHR I L O EZEEM e & CII B ECEEE ORBERIES ERkah - Bimisy
B) 3 7enA~AMERIC e o7, Ee, WEEFITEREIER (FA R AL B ) -
REFERER (LG R Je B TE0) D44 b IRFRE 23R B L7z o C T 88 22 Tl 2 30
7=.

S HIT, AWFZRITE IHKE UL RE TEE - &% [KEBligsR a7 2 M) LT
— RN WNIRE BRI v 2 — 0 b DB &2 52 1 TIT b=,

HOE T ZIZHEHEHFL LT 5.

10. Z#& R

"2.7V 4-Channel/8-Channel 12-Bit A/D Converters with SPl Serial Interface,” Microchip
Technology, https://ww1.microchip.com/downloads/en/DeviceDoc/21298e.pdf, 2020/11/8 .
”LM61 2.7-V, SOT-23 or TO-92 Temperature Sensor,” Texas Instruments Inc.,
https://www.tij.co.jp/lit/ds/symlink/Im61.pdf?ts=1604837276056&ref url=https%253A%252F%252
Fwww.tij.co.jp%252Fproduct%252Fjp%252FLM61, 2020/11/08

[NJL7502L FEE & o9 —] 7 B ARBERUR A A,
https://www.njr.co.jp/products/semicon/PDF/NJL7502L _J.pdf, 2020/11/8

@ FnZ:. [Raspberry Pi #E1- T{F SEEGHE KGETH 2 k) . Y —7 v 7 A%$1.2019,288p
SemiE. [7ZA720 Python %54 JR) . SB 7 U =1 7 1 7'11.2018,484p

i 2.7V 4-Channel/8-Channel 12-Bit A/D Converters with SPI Serial Interface," Microchip

Technology 2008, https://ww1.microchip.com/downloads/en/DeviceDoc/21298e.pdf,
p.19. TABLES-2

ii "2 7V 4-Channel/8-Channel 12-Bit A/D Converters with SPI Serial Interface," Microchip

Technology 2008, https://ww1.microchip.com/downloads/en/DeviceDoc/21298e.pdf,
p.20.FIGURES5-1

ii "2, 7V 4-Channel/8-Channel 12-Bit A/D Converters with SPI Serial Interface," Microchip

Technology 2008, https://ww1.microchip.com/downloads/en/DeviceDoc/21298e.pdf,
p.21.FIGURE6-1

v ’LM61 2.7-V, SOT-23 or TO-92 Temperature Sensor,” Texas Instruments Inc.2016,

https://www.tij.co.jp/lit/ds/symlink/Im61.pdf?ts=1604837276056 &ref url=https%253A%252F%252
Fwww.tij.c0.]p%252Fproduct%252Fjp%252FLM61, p.7.

v+ TNJL7502L FREEt ot — ] 37 A A SRR R s 4 2013,
https://www.njr.co.jp/products/semicon/PDF/NJL7502L _J.pdf, p.4.
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11, 6%k
Y —23—F

[main.py]

main.py

pigpio
time

pathlib

pythonmodul cencor
pythonmodul ——

sp hannel
baud:

spi_flags

ributeError

udo pic

COFOYS LERS

DATA" ) . mk

DATA_tx

DATA_txt_e

un_duration

"datetim




ADconverter_module.py

D705 AR




ythonmodules/sensor_module.py]

sensor module.py

—O7NZZALIE, PEPBICTESR
PEP8: h
MB: https:

sensor_module.py

name

Lx_resistance=Nor

ADQ /15— HoDlE,

# example
temp=temp_LM&1CIZ(

(-> temp=54.99

EHERLADD /1




It =class 'float

AD A —F—

class 'float's>: BEE(°C) ICEERL A

# example:
temp=temp_LM61CIZ()

the LM35 o t
the tem) ature in °C

t/(18/1000)

T b RSy FRAINILISO2LEBHL 1

Y —HiE:
SRR AR ORBEIEIC

# 318
lass 'float's>: ADJ /%

# Y
x =class 3 Lux) ISR LAl

# example:

Lx=1x_NJ

(HWHE)
irrent [pA] ) Illuminance [Lux]
VIE]
Illum E] / RIQl}
VIE] J
luminance [Lux (VIE] / RIQl) * (1@
nce [Lux (RIkQ]*(10 1) % (104%6)) #32

[tempareture_program.py]

WESN=KIEOT—42% U A MEL,

temperature_program.py

import matplotlib.pyplot as plt
import re

extract_text_in_file(filepath, pattern_prev, pattern_next):
extracted_text_array = []
pattern = pattern )" + pattern_next

n lines:
tmp_extracted_text_array = re.findall(pattern, line)
extracted_text_array.ex (tmp_extracted_text_array)

return extracted_text_array

filepath = 'DATAl.txt'

pattern_prev = 'temp\[°C\]="
pattern_next = '\] \['

777 T 57w 7 5THD,

extracted_text_array = extract_text_in_file{filepath, pattern_prev, pattern_next)

for extracted_text in extracted_text_array:
print{extracted_text)

path_w = 'temperature_data_'+filepath
pen{path_w, mode='w') as f:
r extracted_text in extracted_text_array:
f.write(extracted_text)

fowrite(" ")

h open{path_w) as f:
print(f.read())

perature_program

©) GitHub

© Git (0]




temparature_program.py

f = open(path_u)

datas = f.read().split{)
print(datas)

f.close()

datas_int_list = [float(s) for s in datas]
print(datas_int_Llist)

X List(range(len(datas_int_list)))
y = datas_int_list

plt.plot{x,y);

plt.title('datal')

plt.xl 1('stime[s]$')

plt.y L('Stemperature(C]$')
plt.grid(True}

plt.show()

filepath2 = 'DATA2.txt'

pattern_prev = 'temp\[°C\]='
pattern_next = '\] \['
extracted_text_array = extract_text_in_file(filepath2, pattern_prev, pattern_next)

for extracted text in extracted_text array:
print (extracted_text)

path_w = ‘temperature_data_'+filepath2

Python ) GitHub O Git (0}

temperature_program.py

with open(path_w, mode='w') as f:

for extracted_text in extracted_text_array:
f.write{extracted_text)

f.write(" "}

with open(path_w) as f:
print(f.read())

f = open(path_w)

datas2 = f.read().split()
print(datas2)

f.close()

datas2_int_list [float(s) for s in datas2]
print(datas2_int_list)

x = list{range(len(datas2_int_list}))
y = datas2_int_list

plt.plotix,y);

plt.title("data2")

plt.x 1('stimels]$')
plt.ylabel('stemperature[C]$")
plt.grid(True)

plt.show()

datas=datas_int_list+datas2_int_list

x = list(range(len(datas_int_list)+len(datas2_int_list)))
y = datas
plt.plotix,y);

perature_program.py  60:1 Python ) GitHub O Git (0}

= list{range(len(datas_int_list)+len(datas2_int_list)))

y = datas
plt.plotix,y);

.title("both_datas")

-xlabel{'stime[s]$')

-ylabel('stemperature[C]s')

.grid{(True}

«show()

Python ) GitHub -0~ Git (0}




