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Learning IoT Concepts and Skills by Using Visualized Simulation
Ching-Wen Ku

Abstract

As the Internet becomes increasingly ubiquitous, the application of the Internet of Things
(IoT) in daily life is on the rise. IoT education has also emerged as a significant concern in
global information education. However, there are several issuses in IOT education that need to
be addressed: teaching IoT with open hardware not only involves high costs for instruments but
is also often hindered by intricate processes of assembling the components, affecting learning
outcomes. The IoT topic include various types of concepts and skills, such as IoT data
representation, processing, and analysis, the relavent algorithms, network architechture and
protocols, are often complex and abstract. Students frequently struggle to fully comprehend
their architectures and operational methods. All these challenges make it difficult to effectively
implement IoT education in primary and secondary education systems.

To visualize and concretize the abstract and complex concepts involved in the IOT topic,
as well as to address various limitations encountered in teaching with open hardware, this study
developed simulaiton-based instruction for the IoT. The research focused on three types of
simulation: "Hardware Operation Simulation," "Architecture and Process Simulation," and
"Abstract Concept Simulation." The experiment results revealed that:

1. The "hardware operation simulation" aids students in establishing connections between
concepts related to the perceptual layer of the IoT and its applications. Consequently, students
can extrapolate and apply the learned concepts to various real-life scenarios. The "architecture
and process simulation" assists students in observing and interacting with the architecture and
the dynamic process of the [oT. The "abstract concept simulation" clarifies students’ concepts
and help them understand the algorithm through setting and modifiying the parameters and
observing the changes. Consequently, the proposed simulation-based instruction Hence, the
incorporation of visual simulation in teaching enhances students' learning achievements in the
realm of the Internet of Things.

2. Compared to traditional instruction, simulation-based instruction allows students to
proceed at their own pace and learn Internet of Things concepts through interaction with the
concepts and processes. Providing immediate feedback enables students to refine their concepts
in real-time, enhancing their ability to grasp the concepts and fostering higher self-efficacy.

Additionally, the use of visualized simulation helps represent abstract concepts in a visual and



concrete form. Through step-by-step observation of the operation and interaction with the
architecture and processes, students can comprehend the complexities of Internet of Things
architectures and operational processes. This approach reduces the learning burden and
promotes a more positive perception of learning abstract concepts. Regarding gender
differences, males tend to acknowledge the effectiveness of simulation-based instruction more.
This instructional method reduces females' negative perceptions toward learning abstract
concepts.

3. The abstract reasoning ability of students does not have a significant influence on their
learning achievements in the IoT. This might be because IoT concepts involve more than
abstract reasoning, dealing with more complex cognition. In terms of learning attitudes, when
traditional instruction is employed, students with lower abstract reasoning abilities perceive
higher difficulty in the IoT course compared to students with higher abstract reasoning abilities.
However, this disparity is lessened with the adoption of simulation-based instruction, indicating
its effective reduction of learning difficulties for students tackling complex and abstract topics.
Thus, students with lower abstract reasoning abilities perceive no significant difference in
course difficulty compared to those with higher abstract reasoning abilities. Concerning

"nong

learning attitudes in aspects such as "computer science self-efficacy," "interest in computer

nn nn

science learning," "perception of learning abstract topics," "understanding of IoT concepts,"
and "effectiveness of simulation tools," there is no significant difference in attitudes between
students with high and low abstract reasoning abilities, whether through traditional or
simulation-based instruction. This may be attributed to the complexity of the IoT concepts in
this study, requiring diverse abilities, and abstract reasoning ability alone may not sufficiently
explore its impact. There is also no interaction between instructional strategies and abstract
reasoning ability. However, the experimental results reveal that simulation-based instruction
enhances the interest and self-efficacy of students with lower abstract reasoning abilities in
learning computer science. It reduces their perceived difficulty in the [oT course and fosters a

more positive learning experience when dealing with abstract topics such as algorithms.

Keywords: The Internet of Things, Simulation-based learning, Visualization, Abstract

reasoning



W

Rt # o 4n % (A uen= U A4 P R iE AR A BB gL Ao s et e g %
$°E%¢¢’@ﬁﬁﬁﬁ&ﬁ’ﬁﬁ§&?%&#Fﬁw%uawﬁas et
CAUBIE R A A 4 PR S BT A e AR AT BB Bt B AR
&@°

\\-\

B Srha & ﬁ&}f&iﬁﬁ‘ ‘W‘ﬁ BT RO LS 2L
# mi‘“iﬁ%’ E A Bl b —‘!:'.E F A B ey XEFRT Y -SRI
s B 5'%'1\“”"*“ TR %mﬁfi" s i H AL REREFS S - F%ﬁ?‘}”
E:M i B3 3\]]’5&—:51'1%]»9417%)\%?{9 ,EL—*ZEFF mkwg}a‘ iﬁq,j{?i—ég.;\:ffag\;;‘;
[;75 B N g;&méwp’“—*ﬁ ’ 4 ;\ RAAA Y - BREE DR A e LR
L w%ﬁ@%°

ﬁ‘ﬂ ﬁi} beics

o

Lok s Ry IF'IJ"Ip‘f AV Er;;%ﬁ"—k 5 AL Es > BT 2R A ﬁ_,} L X EF ‘;g-.-’i'_
EEF T ﬁﬂﬁmmuﬁL’* THE P LA IFEALL B (A RA
RIS L AL fFEERR T PEY T Lo € RB AT DN
EMHETLFrE f L0 AR 00 RRRLET A e RF TR TR
BRLEs 5 gt iR /r/rm’%,& °

A\

-

Fooh o & R TELIC 097 $5 e > (B it 4 & 3 ieameh- b3 0 Rl 2 B
A RB A RRRA - ALREEGY FHOER S5 BPOR T EER AR A
E AT S B2 2 Fr 2L F Yy Y %*%w\¥@§w~_§\
i~ 2 4~éw\+ﬁ w%’pp Fwﬁﬁiﬁtﬁ‘:ﬂ¥’ﬁmo’%a@
WE KT ES Y LY {zﬂ: BEEF RSN RAEY RS %
BrEW -t Bk~ Bk thFa FEUE A PT A AT s k’—x?\FK;«*bﬁfqﬁﬁ
REN > REARET - K EF UL FﬁJc. °

LARMA PR PR § S B BPREELA RS WS
;g e ‘;;;P’f @ , ﬁ‘;hla?q%é}ﬁﬁi’ ”ng,i s ;\‘.r‘éf/’iﬂaa o

SR

LIISN

PEAR- - = &7



F&

A5~ KA
— =

-
¥=%

1—,_;‘:{:’

¥y =&

:?&
o4

- &
¥I®
;‘/—,—;‘:‘-_’,

AL 1 WS A T e 3

ELIL L LT

I i P 14

.................................................



M- AR R Y H T R 95
B R B H R 98
= PE R fr“uiE'J B B 101
e e E S rj-&;E'J T 103

Vil



}Mﬂ;%ﬁﬁ&ﬁt .................................................................................................. 15
32 F BRI B I EZ T T BT oo 16
3.3 F0B B IRART L oot 17
3-4 4 58 G B FRIER T 1L FEA AR 29
3-5 F B e 0 T‘w? 135 18 TP 20 3 FE B s 29
36 B AR E T REED (AME 2 F 3 e, 31
3-7T AR EBRIED (AHFT 2 F P30 e 31
3-8 E YV AR S B 5 B 20 15 B A T oottt 35

O L HH T HALD oo s 36
44a$£\%ﬂ9#%%¢ﬁw£ PRSP 2 R AT e, 46

42 F AR Al e S el O Gl T R R A 46
4-3 '?:%E‘E_‘#W’FI’LJ E'*"Hséﬁk"v\‘)rﬁwz? 'ﬂ:"i’i%ﬁié\*? ...................................... 46

4-4 % ~ Mqh fARIR A 4 e B A AT P BT 1SR 2 M 2 gy AT L 48
4-5F e F ~ M f e a 4 b I :l»‘fj&..‘s.w\ W F Rk LY AR & 4
................................................................................................................................ 48
4-6F HEB A G S m e e N R L SRR A
................................................................................................................................ 49
AT F ~ S RAILE S e R H B R BT 49
R R TR R LEHIIAE Sk S O — 50
49 B4 G HILAL 4 G gt e RARILA S e e SR A O D

4-10 K#'J“Eé’?‘?.‘;ﬁ“g BB Y AL R (SIP R it ‘)‘LA‘}' B Y 73 2 gL 47....52
A1l FHleE @ e b F YRR Z T NP EEY ARG w2 HERATHR IA T

................................................................................................................................ 52
412 F e g ol B MR 2 F B RILIERLT  ARIAE R £ 6 » it
BAR BB 2 R TH ZA T oo 53
4-13 7 S 5 Y i R 2 AR T B B 4 T 0 R o0 il g ondy i R
................................................................................................................................ 53
4-14 48 B B B ¥ T 5 A HRA R P OO AT e, 54



*

*
*

4-16 % ~

AR b A TR A

Mt G faI2 5 4 Y Z_ P

i &

B e TR R PRI S BARERR B X o

4-17 % ~ M4 23T 4 P G A 2 AL B B F e RS ) ot e »

i AT R E A TH EA TR F s 59
4-18 BY iR 2 TR %A Ep A2t | oo BFFERBEAITES 60
4-19 BY R T2 %A EE Y248 ) o v BFF 2R BATE S 61
420 BV A2 THRIHEYR L o EFFEFEAITLESF s 62
421 BY iRz TEMEY LR | 6o EFF 2 $EBATEF e, 63
4-22 BY R A2 THmemizpen | 6o EFF FREHEATEE i, 64
423 BY iRz THBBARSY | o BEFFREHAITEF e, 66
424 % Jp b w| Fo B B Y 2 e dh RIE 18R] B 2 R A e, 68

425 gl B RS R Y Sk p o i Gk TR SRR A 68
4-26 B S 2H bR U P B E Y Sl p G T R R 69

4-27 7 Ip w5 B e F z“fj-&%é RIE FlS & Rl 4T
428 % Fo phu] A B Y4
4-20 % 4B fE R 2 5 BRI IR PR~ RARELR B
BrEATHRITA T
4-30 7 B E YRR 2 AR 1 R B P B e R F o
b EATRIA

4-31 ¥4

4- 3251,56;, ._p,gfa#ﬁa%j“ ﬁ%’hﬁygsﬁi T Lj;'p-: 1) ﬁrygsﬁ: 7\;1;;}& P\ ;

15 R Ak

._p.u% pﬁfﬁiﬂ B % mr‘liﬁ-—\

N3 AR

= H ravm;}'!,,’,ﬁ ]"J' $)_L‘_,k;

)J_x‘}lbkgﬁr‘]_)_

PR > tfy i LA

................................................................ 73
TN B 80
................ 82



Bl 1-1 AR BRI B B F T 5 oo 4

Bl 31 B 5 2 e 14
B 3-2 ARAL 1 BB B B F T SR T R IR Blm e 18
Bl 33 AR HRA B E Y T SR EIRA BS e 19
Bl 3-4 AR BRI A E Y T SR T BT G2 e 19

Bl 3-5 ARE M HHRB P B ¥ T 5 AT D oo 20
Bl 3-6 AL M BARH P B Y T 5 T B s 21
Bl 3-7 AT R B Y T S -REBEUT B, 21
B 3-8 AL (C HARB AV T 2 -MQTT BT 5] covveeeeeeeeeeeesss e 22

Bl 3-9 ARAE 1 fifRl 24 B T & - THINGSPEAK 78 HEHEET B o, 23
B 3-10 AL 1 HoBRH B4 B 1 T S -F A F BT B o, 24
Bl 3-11 AR 1 b 2 B 4 T 5 -K-MEANS 77 8 72 57T O oo 25
Bl 3-12 AR 1 B 24 B 4 T 5 -APRIORIIT B i HEEE T 51 v, 26
Bl 3-13 AR B B E P T S F RIBR BT oo, 27
Bl 3-14 AT E TR B D1 TR B o 37
B 3-15 A7 23 3 01 TR B oo 38

R ok 38
B 317 B ATAR 2 4B G cooeeeeeeesseeee e 39
Bl 3-18 F B 80 o d] B30I I 5 1T oo e ee oo s e e ees e s s 40

Bl 3-19 THINGSPEAK % FLZE R o 41
Bl 3-20 48 20 B2 5 Bl BT3B 5 i 42
Bl 4-1 By 222 HE L RSN RIITHN 4 273 0% Bl 50

W42 BV EAE TR %PAER A2ait ) 2RKE R 2R 3T 4 23 5% §...60
B 4-3 5 "RRAEE Y AR | 2 KRR B I 4 T T .61

[e=3

4
Bld-4 SV AR "TH eI HTYRL | 2 KE R e my 4 23 5% F..62
R4S BV RAE TEREYHE | 2 KR8 R 200 4 23 5% Bl ..., 63
Bl4-6 B4 A T mpemjgrpn ) 2 %F L@ da2ad 235 5% §....65

X



Bl4-7 8Y ER THBHAR R ) LR W GER $AILH 4 L3 5% Bl ... 66
Bl 4-8 4 B4 8 HAE A 1T B 7 B oo 75
Bl 4-9MQTT % Hif AZNTE E 7 B oo 76
Bl 4-10 FAL w0 AIZ B T L 77 1T B 7 B oo 76
Bl 4-11 K-MEANS (3 B 2 PEA 1T B 77 Bl 77

B 4-12 APRIORI /F & /% FEA F1F B 71 Bl orirecceeeee e 78

Xl



Al S

TR F-FRIFET PR BEFHIY

AEELGZZE 5 - WP AFY 2
FoRZa@RATYNMRESEL LFITHEER -
-8 A7 ¥ R

s 1§ E_~ Bcdy ~ 4 93 4= (Internet of Things)
R S-S I LN

EEF RS p Y 2 AT
EAR RARPELT > g R
UL Bk ¢ o ho % B CSTAK-12 Computer

w

AJ_}E}—"%:‘E_ ’_l;/’:if\lfﬂm#
SRR

% & (R 3%,2018) & &
Science Standards 7 Computing Systems ;~" Networks & the Internet ;~" Data & Analysis |
v % ¥ & Computer Science: A curriculum for schools &7 I Data and representation |
" Communication and coordination | % € 8424 ¥ 4 ¢ 7 X e mpep ¥ > 0 AFK
TEROL08 WM T AT L P r T kML B B 6| 0 BT e
AR FART PG ER - Tk e
PR RS ORY PV R R B ST RS Ak R
T EAR 0 R LR P 0 B G R A At R TR e
TE T e AF AR B GARY §ooim s TR fmd

7 2 AR cAn B Hp T
5 NI i d e g ein

B
AR TR PO R
BRT I o PR, LR F
5 #& * Arduino ~ Microzhit ¥ kg 735 » XA P LAy - LR K XFFERE
M OP I ERH > A AR EERE R ARE Y 2 G F - B bl F 2
EEMp RA-R MY EREFOGARRZTIEF G35 AKTERY F
3OEA R R R A T PR AR S ORT MY 2 FEARET 0 A e
P oA WG EFCAMEE BB FHIE ) TR A e B E T
PR MEETF S AR A1
PE A TR 3 R A e B 2R

(B4 pet2 T MQTT ~ Thingspeak % ‘L’irf#‘:i‘)’
W R ABRORPRRKENAEY  FAEZNEEL A D
(4 &%,2009) -



PP EREORET » FREFFTHAFES CBEFV L2
EREZETHBEFLI RN AP R EEFFAFTREFE 37 &7 Bk
FIT OEE ARE D P U EATRROR R TR B R TIAF R Y FIEEGH TR, 2002)

Flt 0 AP A F LB Y SRS 0 R EF BARE R RS
PRF R ST AR MR TR A7 TR MR MR A i I
BB KFFTA W LD > N AERTHEAE  ERRNBREFTRT
o 0 fRRE R AR FTRAOB I ek B4 KA kR PR
T PR RAKEME PR PERRT SR T2 RPN TR 2 Pen
VA AL FREEEF N AIL s i EFAEIF YR - BT 7§ FlAE R
Peivhm @ SAMMAE AT S 20 BT ER Y RA %o T R AT AT
SRR FHETSEARL PRI RN R ORE 2 RPN INE (T 1S g e
WA FERFHIRRA EFIE Rt FA SREaeR RFLEHH I RETH
Hdow BiE s PR FHE Lo B T 2P HERT 17 OTRLITHREE  RES
ARBFEEHBDESH LSO E o N2 BhHRFOFE RS Fe R4 Rk
Bt UILRRE 2 A RO RBE Tl I KRS IR LR T TR fRenT
F o

ST S

PRI - BERAATDRS  REFIRERSE S NEEH R B T
DA B ASRAT R Y R A o R S T B A (iR
# 5 42 (Datta & Roy, 2015; Syawaludin et al., 2019; Yilmaz & Argun, 2018) - » 5 # F ’l’FI
D R AEITi 4 FRMA TR TR DR T BRTARS LR AR
MR RS fhe A M T 2 HH R E R EIERIT A % ghi 4 (Datta & Roy,
2015) o Tt » AR TP (B RS BRI R A E Y Sl B
2 BRI R R AILN A F S RS EARE R P R EE Y FLTE I R

a7
vl

e 5

o

’



o ELP R EERN

AT RFPHREKE T SRS R R KRR Aok N ERE L F
FARE PR S EEREEHN R EYSEREMAZ B XA PR R
PB4 ABEY P end B oo AT hFE R AT AT

() MEHRH B RERPBEME DT Y S22 PELw D
I AR R BARS IO HPMEmE gy S ROPEL w7
2. P R4EIN P HPEREMLEY a“fjﬁﬁﬂ% A ST
3. AT HCRM R OE S G HILE S SRR A B Y SR g L

T w9

(Z) RECHRFDRKERFBRLNTY BALEFELI R
L R R RF 2 SRR T e HPmpms gy
2. PRREEA HPBMEMAEY BRADOPEL P
. AR B P RCE S I 4 R A B Y R

R S I

ETNS

5

[e=3

B g

=
Wi
)
~

4

&L



$28 LPRA

i

R A AR T Y TR R AL BRI R P R R b R I  p
FYERASNTRRP > 1

-~ RECERFEFMeERS

A 2R R e S R ALY LR Y T LA
P PR ERFSEYE R F T LY TRAKE Y AR Y D
RECHREREY T LA FRF2EY T 2 (eBl 1) F4 BEEemE
Ry e gy T oI e RSP BMeEMES PR FE BT REr g
Yo Em A R KLY R e &

BRI ENEE

f?!!!.' ] -
izl o " o

* i)
+

‘_ &
o & e o

OREETE =3 P

SR LR X% R
*pfﬁiﬁﬁﬁﬁﬁﬁﬁﬁJQfﬁ?ﬁﬁﬁ%ﬁJ’ﬁ@ﬁﬁﬁﬁﬁlﬁ
UE S ol SN ] S WL Tl S T ERE rE I VI 4
4 L enfEia-f g - #F B 42(Datta & Roy, 2015) » A&7 3 R & % 42584 4 h1 &
AR ARSI RGOS TR e Rl% Y g BARI% 0 BB R B
JREAHEAEY IR 22 PR RIASBIRE LM G4 o @
%ﬁ@i”J%mz;Lang%ﬁiﬂ%ﬂ s L SRR R RIRA 4

>
~

5

o

lt\

%

I

>
e
=



=~ FEVRAR
AP ZEYRRETFRE I T PR RE - FIREGARL R 0 M E AT
R D PeERrF oy mpt P28 FRAN SN E oA - FY BARS

BRART ~ SA M- S FREN PR AR T AR S 70 TR
HE R AR T REHEEY SR TR IME YRR B2 BE v BRIPIE

jL

e

b RTHE T TR BBAERE | A Ba e FohELHHO TRE
RE PP ERERE 2 5o 0 0 BREA NS EESAEOER KT FLHEAT
BEAMEMARF BARSFwp 2L % 252 82 4 3-63-7 > L g

PHAP ANz R R H2 4 390



- % éﬁﬁﬁ

S LS CEE AR & R ) R A %éﬁﬁaﬁcﬁ¢ RN
SZEF- R PEMREEY  RAFWREHTRNE O B BHEEE PFERE
FTER T FRARAAKTHFASERA? FELAABF 7 TERJHAES

FHFER Y AP mpgmi Mo p Firm SHIATL 25 BMERE T EY
Bl KR RAR 80 P IS R A e RE Y P REE S T s 28
SRR IRERE > M R PR AR L ERPR e B o X
- IR AR R AP R NRE L S F 2 &5 R kAT 4 0
R A DT ENF O HR ha A OMAEE R P R LR P hIFEFEH

gt BRI AT TGP EEY OB
PRy

-~ PEPHTR
PE R PEA F K A 1%5&’&ﬁﬂ%4“@5ﬁ&<%ﬁ%1>— 3

2 Pt o @ T4 B | (Internetof Things) iz %30 F =t IRA)E & 1999 £ >
d 421 Flep dohn ¢ o Kevin Ashton &2} > s * o BEL Kfgif » § ¥ 5l

B pEg EAKCSA PO E 2005 £ T EEeITU)S # (ITU 3 Bedp 2
2005 FEe) > BN PR o

BEFTALST U P o Ry B0 L AFNEE 0 A
FI* LRERKE > HE e SR eREREFAL DR !
RAGEIPFEL FaRE -

wF
L
-
A

3

S

—

¥ R %12 ¢ (European Telecommunications Standards Institute, ETSI) -4 5
PR B ) AR K RAZER  REAE BT R R LS ERE
PRRIE R FLF YR DL R P o RCBERVBR R R AT I
pUeb s Gy BB FEREE R E T A H R OF M bl4e RFID ~ GERAEFEE - B RES - 2 F5%
WE o PR AP AATALE PR PEREERRTEAR T EZHSALTHEL
BOER P el F MR N 4 G R R R R H B mehi 4

FAPRRE AP IR FY - Wi-fi - Zigbee % » & X 77 UNERF Y RS L R
6



PIREF D FE 0 4 i i dBis T3 o o K B E00 0 B FlehF

EBATE O deRde s TR FESE I R0 Tﬁf’ui" B TR e, & Dgeg | o

HAF PR APATLEEN G HERE QR BB 2 0 56T P - BRE GBS
B RAES O REF Y R { QRO EIRS

1

3
‘(
).L
P
?
‘3‘
R
-l
=
o
beiis
\:t

>~ FERRF

TFS TR SO PEERT S LD RFAERR L REATIREY T 7S
e EEp % 0 4o % B CSTA K-12Computer Science Standards @ 0 [ § 55 % 52~
ey T 47 5 12 3 B Computer Science: A curriculum for schools ¥ 1
TEAEAF THERERR A RERAY L T TR TR SME

o208 andm Lo aRAAAKTHRAEFERRAY BELEAF 5P 5
B AT B 30 SR RETREMUERELD T i FRpES S
#ﬁﬁ%*ﬁ?i@—ﬁgﬁ@‘&ﬁvww@w’uf%ﬁbA)fﬁ%@ AP

PR AR AL LA o Fl o FAPHEDEY P F FA B TEEE T AESK
?Jﬁﬁﬁis TFRA T RIEE A6 CFRPHEEY ) 02 TRk
A€ 0 deT (R I% 0 2018)

@ b2 e ZiFH A s RE S AT 32 SRR R AT e

@ 2l @ FARNKIOME T IFE Y o TR ARL AN K
Lo TgRFEEEARS -

@ AT ol e g AT AT . (blae: BAR G FRAE  RRE
B Z@ET o) 2@ 3 AR IITRIEE ARFER o

@ Tl AT S AIEE AT FERETFRSBPME S AT S A4 oo

k

@ FIAABEEF 15 AT AT NAEEY S RRIRGE DR * 2

o

@ FAAHEANAE I FFALELERT AR A FHAEL  EER

A ¢ AP B RAL o

F A 5 EF R AT LB 4 F 4 B S AR faﬁﬁ%argwﬂﬁa
FoQER) A %ﬁ%ﬁr1ﬁ£?%&J@%»> Bl T E A L4

QEA)TPHERE* B, 254) -



SR I 7,f1;;j;mr, RS -2
EFIF ERFRAHT  TRER BT R  BE AR RR o 1R
RE T REE FHASR R AL AT FR LAY BB LN ST
AP RIEZEF T FFEHFIARFEF Fe 2300+ &

L B 508 % % 12 Arduino ~ Micro-bit~ #HF /< & ) (TR 3L L KE A pho AP
A FFIRT o AERAZ S A BB R BT AR Y MR EE L e
LAl iTe £V gEends g (Ff E5, 2014) 0 Tt F ekt 5 rgg;@;w %
BB R RF 2 A BF Y E Y AP DT AP REY R T3
GRS B4 o

R it o AR Ry o 8 108 B N F B PN TRKF 2 FE R RSAR K
@rﬁﬁafjfﬁiéJﬁﬁﬁ%ﬁaﬁﬁﬁﬁJﬁyﬁJﬁgaﬁﬁJggﬁﬁ%
PP AR T OR Y FERKT RIS HETY NG DR S
SRR e S

“‘l

oty

,ﬁj*k

= PHRERFOFE

WIS hpmigedcied # % Arduino £ B ocH A AP ¥ b o BEARAE L F bR
FEFLADFYEPH LRI RTPRBERH I DL AATHRA @R L B
B2 EFRRERERE EREZIRES: I HELAEY I FHEE %42,2019)
WEEA APTRNET ¢FLT0EA R A REREE S FEEFL ZREL AR
FAFH R L Fivrenieid s RE 3 AT KT - Lagt gy ¥ 2
H 247 e p & (Perenc,Jaworski & Duch, 2019) o @ + % e 2ol $ 5 B3 < e £
O GERHT ARSI R g2 g e A R B FRF 2
% &g trial-and-error R E BT HIA MR E T i FREF L IR H N L EREY #

Woxan ke T o Rpedr- BIBNIRIREY KHIAY I § 4 A(Su
&Lin,2018) « 2§ Heft e ¥ ek > F 4 BRI R A AT OT Ry o A AT
ﬂ“’é%@%?&’%ﬁ%ﬁ@ﬁﬁ§?ﬁ PP G AETT R
BALETER L SRR RATE ok B R kT EREY B4 AT RERD

PR TR % DR S L AR - AR Y BT e B BV
TERA S 2B E R2006) 0 i R TR > FARVEER R



TR EFEERAELYFAXAFT R R HPEPREF L NI ERRE T %
WARIE LR PR 0 R 2 FHF ¥ ok (4L, 2001) -

V- 3G o PEErREN T L AR 475 A loT SR fp? F 424 it
_@g‘%ﬁﬁ@#gpa%ﬁﬁa?,ggplgg BT B 24 K fgen
R AB R OEL NI F RN EREZBADEERE VA FEE 4 5D
2 1 AR D 8 e Y 2 4% (Zhiguo Shi Jiming Chen & Shibo He ,2020) o & if 3iif
PREEHAEY FARZETEEET A OMERBREORREERE AR
PREBEGWMAEARRES > PSR AL B AL A BEY T D
it o TRAEFY BAE(H &% ,2009)

ETRMPERT Y TR ERE - EAF AR TR FlEgahadn Had
RNFF A2 BT RIS BRI AR P T BTRIRAUT R E A e R
FHiBrea P T TR NS iﬁﬁﬁ’?&;‘*#i‘ﬁ#m Fé i |, % i (Colasoetal., 2002)
AP EFATRALIE RS R IFZIPPT O BERPFESE S A AFF L
et BOALSBLE ARAR SR > ALK IR R DIRLP (G R, 2002) 0 B 55 TR B
PaaE A andk (T s 0% 2 5V 2 ¥ a3t 4 % (Hanciles,Shankararman & Munon,1997) ~

WA RY EA LA FERY T OB k) (Pirolli & Anderson, 1985) 0 .8 4 48 ¥ i&
B % 3 BEPE TG TRenF 8

AEH - HRT B ARG TSRS FOREEF O LGV AR kR
RE R > R SRR EFE B AN KE 2P i L B (Colaso, V., Kamal, A., Saraiya,
P., North, C., McCrickard, S., & Shaffer, C,2002) > 3 5 ¥ 4T B R E A kA
LR TR TRy P ENT RN P LT RS ERE N IS E
BBHFIET LI o5 F A K Lo BT HBOR R L 2 e Ed kA T
o fEd] O F]EE o



Fo& RECHIRESBIReRE

-~ ARECERARE R

FIZERGI S I B E 2 EHW Y IR RFE IR 0 7 BE 3D 3
BRE AR E A A Y RNFORR AT SRS ot 3D HARE AR
A7 e iﬁ:&v.‘?ﬁ ABY 52 R EEE L 8 Y 55 (Ussiph & Seidu ,2018) » @ A # Jiw
TAFE AT BERT AL EAed B~ FlE4E s KEERE 7 UE
RLFR N BB AEEXFRB2 it F2FY RS SR g
% (Semenikhina et al.,2020) o

S RECHRAE PR R
i Y o AR RS R AF P P E ohRF Y gL REN
PR aEEREYFELEY > - AEP FAMA D 1 & FBER R
KAFEFH > 7o Fes A PR g T2 F B R %A (Yilmaz & Argun ,2018) o &
FOECE PSSR NSRRI S - [ B KRS L o e & e
AMEIEARE O EE L BERZEEITT] O EFHrREs j g2 g5
Wengh % LA 0 TRFEE R E B e IR % (Greca & Moreira, 2002;Chang et al., 2008) -
FIATREREAGESFEEY oiGRL L FA 0 AT By~ BelE RRE BB
TG AR L B BB A AL F oRen TS B A Ry p R BB T I gL 0 2
PGNP RE > B R F 2L WAV RS SiEA R E 0 AN R
Hezw o AL R F REBGERRG - A kB Y EHO 0 AR FY
PRIt R T R E 4 g g P 7 H chirai(Bowen & Deluca, 2015) © % 18 i b
AP ABBRPER G I A RBRIBRIF > T UREL S 5 BRRAFEY  BE
L ENNFHRES  FEAFERZRF Y 2 5 BRI IR % (Hennessy et al., 2007) °
ERRPERT Y TRSHEEREE - EAF 2 R I e {e R 41 (Colaso et
al.,2002) » FI PR 1 RO T AL ASE S F e B A e G2k o ST
o0 iR AR i e 8 Y 05 sod(Hundhausen, 2002) 0 2R @ gk ch E > N F1E 2 25
S PG A BARE TR REFNLE cFEFRIERE L
Fa d Fe PEpEdogY > 2 FaumiFg 2 HWMA DT 2 A AR L AT
SRR THTE A 9E Y seF(Colaso et al., 2002 ) o AL Sk * Blow & H s

)‘

10



FNREBETIFE R F G U RS LR D LR BB 2% E 2 (Rosling
& Nap, 2002)

TSR A G P R R AP AR G e £ 4 g 4 F
Az 2 BenIT B o W E A EY R s A ofle s (kA E LY
o AP EERY (- HBF I F IR E RN AR eAg R
HEARe TR OEG T (B RERARE T LT o 4 2R e
Feonp o ¢35 TR TFE2 TR AFRIZEL4r T i~ 0 s
SRR ue b a i A B O B R G D - E LE
Flt o AT SR R R A F Y paerg o

Nma
-
-3\
A
|

11



R L

- R ek

TR L b i %o Tt P 3 £ & ché & & ACM Digital Library 3
F gt F 63%:% f—jﬁr‘? MBI Rt AR P AR AT b ey # T
%Y E A B PR f i (Mirolo, C., Izu, C., Lonati, V., & Scapin, E. , 2021) -

B4 % Ak A 2 &K Abstraction hF B F Tk 'p: %‘u’ﬁ A e Py Ao § ¥ ips
WEF R EE G R kS &% F e id White & Mitchelmore ,1999) » 3 % 2 4+ & M %
frenif ko g e % (Martin, 2003) » 46 . S0 AL RV A5 0 &0 7R dn
& (Wing > 2008) » 4 % _f§ it ~ £ o & 11 JE B~ A B i 42 (Curzon et al., 2019) - @ Shute

£ A (2017)FE 2 At CT ehdFjic » » % 4 decomposition ~ abstration ~ algorithm design -
debugging ~ iteration ~ generalization % = B o w > FF B E4b § L T &K 5 E4F R LR P

AR TN BAAEE AR B RARY W ERLE TN TR EE ST
Tors TR SRR T Sy 0 2 2R S AR R Ak Bden 8 (Pl

B TR HIEE N ka4 HT OSSR Y B

SO BENHTRPEEY AR

VR RIGFIE AR AER LAY AL R SR hhi 4 T ELR SUNERD
w VRS T AP ETE & R4 4F s2 e 4 (Mirolo, C., Izu, C., Lonati, V., & Scapin, E. ,2021)>
PERLAFREETL OFE LGN F4 WP RBEeF Y BN A2 4 e
1 % L aefe B (Darwish,2014)e P 2 3 F S 7 EF P R L BNERET MIERE

Es

EEE P E R A PEAR N E S ¥ (Gilead et al., 2014; Lermer et al., 2016 ) °

A NS R RR S Lt e AN L L R AR s
= ;% (Patterm-oriented instrucion) > FiE LS F 4§ F RN AR > T3k iR B o B
Benf 3 g 2 FEm o R R afidil s 0 REFRY RS FFRA
SUATE A 2V 3B f24- R 380 4 (Muller and Haberman, 2008) ©

AR X1 %Sk

e - FEEROERY > LY ERLEAAE L AL 2R (Markovits,

1

Thompson, & Brisson, 2015) °

12



IR E G EILEAR - 005 0 F R IILE - BT A AT 4 0 R T RS

NEEH Tl o I - A RITAF R P R AEfE s o o R 4a T
fe A AR 5z ;‘i—;fig ~ #c ¥ B 42 (Datta & Roy, 2015; Syawaludin et al., 2019;
Yilmaz & Argun, 2018)° » TAp N R 4 FERME R e BV AR a4 o
FREVAG g R AR B Y MR R goene S B TR 2 H R TR TR
B)7 5t % % e 4 (Datta & Roy, 2015)

AP R AR e eI 4 > B R P R T L FEANI ARG  FF e Bl%
V- BARR BRBEIHEHACIREAE MR CRAARIEELEM G
IR R 4 MY EmnRIS N LR Z R B & AT L IRE ZRIS TR E A %
8325 4 > 3 Shute ¥ 4 (2017)%’%:}&1 it T EHRZ BFAEY Y T AFER > T R
- W AF R R dETE A 4 R AP EEY R

T BERELHTRPEET R

PRI R HRY RN ET LT Y R R R
AERY RENETR TR A AAAM(EFS mE £,2005) 0 @ AR AP 0 S
FEHF AR RTINS AT RHRKEHY £ FY ‘*1*“’” (-ULlE: SN | 1
1K g R —g,“,s fidi g 3 A g(Shaw & Okey, 1985) > 4 FRE oy x o sdnE gy 4
AR S M RRIEN A > AR RN B ERKE S A TS SR
AP RIS EPIH T X B RIS F nF L g i Y Son(Y 5
M % £, 2005) -

BRI S E S N EHRE P REY L S T d R RE R R
SRR A R BRI Y RMOF Y R RS R A
Fhem mEREE T A A ERB PE Y LM o (Chang, K. E., Chen, Y. L., Lin,
H.Y., & Sung, Y. T., 2008) = B+ - & 87 3 57 7 854S 1 Hohtlf 20 e > HP oy
g *ﬁﬁi%‘f%?ﬁ ve BIFERE A PN R ALILa 4 nF 4 A EREART R RERY

B AR Rk e

13



%= i /FH;L e

it
=4

AREELZIE S - BRP AFL LA AT A S SEP AL RS
FRERA SRR AP ZFHAAERY] S SFRP AT R Y2188 7
PRI Y T SRRV AR ERARE L RS PHE ¥

FRS TR R AT

%

- RAAFLEH

ARHRBFEEFRFALZ > O FAARL PR P REE R A Eeg Y S
ﬁfc;ﬁ??? RGP ME 2 i R85 4 a8 BRE X5 p 5%
PRMITE A XK AR KR A u L R e e e d R K
?’ﬂﬂ%“ﬁ%“ﬁﬁﬁyﬁﬁiﬂﬁéﬁﬁﬂ’%*@&%ﬁﬁﬁ?iﬂ&éﬁ
FlE o d R T 4 P RBE S AR ATRE L R A E A L B RIS
M G ETE S o A B SO A K L R e m’&ﬁﬁﬁLAAﬁ;ﬁﬁ@
I 4 e RHIEP LS EREA m§”¢yﬁ§““ PR T R RN F
AR ERFA O FREE eGP T AR BV PR RN TR B4
Bivioip e o B B Ao W] 3-1 97 o

AR

J}é] ?x#ﬂ./— Bl:
. B4 %4832 5 4
2. MG G FIT a4

PR B IE

L Fmapes gy 45
2 FRMBHLEVHR

A 4

o R
AR R 2 R
2. BN KE

W31 %

14



Yo% FrE%

AEL BB L SR R G - Es (11 £ TiE 1T K) D
pETLB R G o BT 3L T EPR AR I ARG R REE e
o X 75 4 (50 9 254 ) s mdles Bria o £ 72 A (319 414 )
7 sHBAIT, 23od b RFAPRRFERRY F RSB F PR R
% = Python £ # 4%\ 342 > % Python #2:% 3% 3 z'mw?—*z a‘rl%r‘ LR E 5 APM

EAGEH BRI B RAATDE L SRHE69 A(F 1454 v A 124 4 )
#1270 A (9 1314 ~& 1394 ) dodk 3-1 o o

% 3-1%77% P 'iﬂz 5 :d
F %~ AT F %A AT F AT %
Spa & 7L 4 4

SARE % X e 74 4 EER LR
- L o ‘kz 3

s e 50 § o 45 9 30 % 4o G H I
25 & 24 & 39 40 9 I 5y 4
31 3 31 3 20 % 4 g a3ei; 4

pie T 70 T
41 & 39 & 50 144b 4 T8 5 4

15



Z 0 om R
MMl Ul
=7

- gk

POt R it 5
}iF\:ﬂ% ’
%ﬁ*%

EgE- § 3

TR RS DAY
By Ed N x s R AT~ tsp
CRARREL RS S ik o

gsa ;gﬁ}]\wé

DR BRI S

¥ =

~HEEY LE

-t A RN ‘?\f“’f“:ﬁcw

%32 F e Byl e2 77

LN SR A3 Y

BERSNEZ BIFE 0 AT
e S T
BATR BT
) R SR S
CARNER 0 Rk ER A~ TALE SR e T S
RN T S SR

TR
ot g Y

E@or N BAEHFe
FoEa gk BRINE
FEgd - H-giFEaa 1@
o ok 15 g T e R

m‘g: i T' 1E]”1’ fg g‘mfu;lékw\%q' ’ -ﬁir’%\» 3-2 t:"i"/:r\ °

T RIS

;A5

~F A ankE R

‘@&F‘:ﬂ%‘i;f%wl

e v

iR
v
R
33

A

na

&

%

olE

KERR

AL R R R

[N R S 4

RV ER

ELRE I

2Ll T 43k R
EL o2 g

Ktk

ELR

PN 2 L) B
o~ P B

o % Ja 72 PSR
o~ P B

KEiEE

KEHRPR
W R Y T

FERE S

s & A4 Ry

FEEVHE
AANER

WA RN YT

e R

FEFVHE
ARNER

LAt T

Foo e 2 AT 0F
o 1 AT £

P e & AR 0F
oo e B REH £

ts Bl

= ﬁ&:iﬁ'l N
BRI Y
3

= ,7&7'?'] 5
GRS
3

P 5%

ﬁ:;: /'\
e AR

= RRR S R~ 18R A 4T
LS U S &
)_%‘/}\ 543‘

= RRIR| B R~ (8B A AT
R E A

16



bR GHERHLA Y RLPRE B ARE YR LA P L F A

o FEELES0L 4 KEFHRS R RFRE (LD ) TR
drd 3-3 477 o
% 3-3 KB F AL P
o3 $gH A BB
1027 |1 s e SRR G ALIL A 4 RI%
. " T LI
1 -PM2.5 & if ehE
IS F TSy 2 Boowgie prTED L f 4
13 |2 WEIFAAEIFE (RIEiESREN
3 = F -Lass b
3. WBR Ak AT P EY T o R EVE
-1
4 xk-Tinkercad ~ # ¥ -Arduino ®#_i*
B2
#° % —Arduino f ~4p £
1. Tinkercad %=k i 4 PRz A it - BE%
i ¥’ % -what is the internet
117 192, Tinkercad & %% it A 2o B P i Json $ 5N
3. Fﬁ?ﬁk P*‘fl" ’E TR | g2 —the internet:http&html
AR B R Y T
: e NQTT 4 zk-thingspeak
2. {‘;F FIZ; ob b 50 A £l MOTT % # 2 A bl e
11/24 : - ingspeak & 5-3 i 4 #-Json T4 # % thingspeak
3 T‘;ungspeak %9 AT R e E Y T o R Y E
) -2
; El:f }Z;? rlén * JEE: AL T b T
128 | o Kpmeans ’ﬁg X A =8 FERe S B
. FMFE AR =
4. Exgglir ]
Lol Rl R S A
12/15 ; iiﬁi T o b 4 R R 1 %
. < (R

17


https://www.medpartner.club/pm25-air-pollution-introduction/
https://youtu.be/dN8fhS8Y3-0
https://youtu.be/XW5aTPKWQNs
https://www.google.com/url?q=https%3A%2F%2Flist.airmap.g0v.tw&sa=D&sntz=1&usg=AFQjCNFf-irhNIPF73QScckIGJYCtRDFMg
https://pm25.lass-net.org/
https://www.tinkercad.com/learn/circuits
https://youtu.be/B4T8hzO0IYc
https://youtu.be/B4T8hzO0IYc
https://youtu.be/TJ8IqbyuTu4
https://youtu.be/6oh5jG1e-gQ
https://www.youtube.com/watch?v=Dxcc6ycZ73M&ab_channel=Code.org
https://youtu.be/5cWJoUjjL94
https://youtu.be/kBXQZMmiA4s
https://colab.research.google.com/drive/1U7KopX31t6Tsu27aqzS0Dv47rR1PNPQW?usp=sharing
https://thingspeak.com/
https://colab.research.google.com/drive/1t-IlK7k1VDiVjKo7iVnOWy3wOs3mRUaG?usp=sharing
https://colab.research.google.com/drive/1qG16qUDx39I5hwK-2CHXF5G_VldTmCMs?usp=sharing

£ e R

ﬁ%ﬁa¢$ﬁ%ﬁﬁp;,§ SFER AR ﬁpi%%%W¢1£é§ﬁ§
CHCE R E YT S RE R SRRV R R R e % - R

'\;%ﬁ%%&agﬁ@ﬁﬁhﬂ
- RE gy T

AR ARE R EY T SR RERE N RE L SERE
I FF o FIRF ISP o A F A FY A xR F G S A AaniEY
E2 WERER BEAVUEEREOAE > KIFEE T R AT E 2RO RS
BEOBSHFEZF UFR DY R EERF S EY T o2 ) F AR 32 2 3-
13 #4978 o XU AR EARY M HCRH A B Y T 5 B T 6 o R TP

1. AECER

ALK CHERA Y T S VARE LR RAE R Y BT A HIER P
P APEL Z B B 3-21 34 FARE N ERZTH BT A B
SRRV ORY 2 FREIR O USRS FEEE o X0 R K

o

AR 2 B eiE TR R

W TENRE

4

BRRE
— % SHES  STRABEVEGAFBEE
7 BEDHEE  =RARH - KBEHSRENE - L
= A WEEAERE - MG REEER - 22
ERGSHENL -

&

= §
Hemmm |

- &
3 =L
5 aamiEzmY, e
) §§3§§:§§§§§§ : BERMEB R RRA I -
5 ARAR - DIRARMRMAA
vy ow ) B|ER - GIMBARREA - A
¥y RRRLHE - $86IEHIS
™

fHanaa |

- &

DESEEA="T 3T ST ST e

18



stitute, £5T1) HEF H) 555 A8

A0 R AR AT

B AR
AR B B {5 PR AE A (european Telecommunications Standards Institute, £sT) #6418 48
AREHE  WIEE - EAE=E

3 @
2333333333353 >>

WAEY - WIFG R - BERETREARE S
BARNEERANTROZE REWANWEENE ABHE  RAEWEZEE -

=

0

A58 91
w ENRERE
- SRR

A = (

SURMGENERER - FEEN - BRI - HYHE
MR ARR R SRR - RO G R A AR
WL - &

Ll B/ €0

FASHABREG -  REABFAARNINGEESTRTHE - RERAERER -

2 mmman | | [] wemst d

=)

Q __ 4
O

ERE

SHERETEOMAMK - 1§ @EEPORRETSITRER -
BEANARE - ERANSH - ATEE  BRENS - DURH
EREREAIRE -

.o |
WEWE AR AN

Bl 3-4ARFT I BmH A EY T -ARETERT B =

19




2.

A R TR
FHEDL LEY PR aERY o VTR

EADB R R Ao > FPL S T A

T HALFCE Y R BRI ORI T LA R TORET §

=

oo 4@ 3-5 3

ﬁ’{—’ ﬁ_ﬁﬂﬁ:ﬁ\ “ﬂ%ﬁ_“*‘ﬁ‘ *ﬂ—&:‘ﬁ 5
3-7 ﬁﬁggﬁ«}% "t‘v}'g_ %77 V'J o

. e

IR e 7 fE4p R rﬁ%@kﬁ £ 5o

FA2VrUER GO RO KR O oL e ¥ L e gy 2
R NC I = R LR 8 SERE E ) S Rkl AL AN e
TR AT R K el
LT il
IRF ” , &;;gm;wamnm ]
W T2EMAFHOMNEIRRE - i PR 15 B R T REIE
) 7 34 LA W T REE - e N e
- e nmeamre
WHRH : Google Map
g 0 WG
WE IRF
3 0 - 8 WMTRERAFOEMNERRHN - 3
XN AERERARBENRE RRE S AERGRARBEIAE
i Ll R LE ]
©) -Gy
|

B 3-SR i dmd e 8 4 T

20

R |



#
ErLE SRR s fRAR AL

‘?#F}T*&‘?"i"]’)@mﬁ_lﬁ a-—ﬂ-l}j-l} B%—T—*ﬁ“" R / gi_,]
fﬁéﬁﬁﬁ’@iﬁﬁﬂiﬁ_ﬁﬂf ,T5[§§_§4§33;§:€ B

.ﬁ!ﬁﬁ "GPS}!)EEG‘H&‘@ FIRS>

NS
M F

XFT | BRIERERRFAMEET -

B 3-6 ARAL 1 fickta 24 5 Y T o - T B

. % B8

ffe m e zife ¢~ Tinkercad circuits 3 J 0 SiERE 4 A g ~ 2 s

PR~ B Ei% PlfE BT

T EATE T R4 ER

oo
K] RSB (HR )
clal

BRHE > REAEY BANKEPETE

Sfpdl s e o

O:-@
fii: 00:00:24 [N #=tm | W S WEE

> 5 1 (ArduinoUnoR3) =

i setup ()

m=E L= E -
sC, ME =
PR
s, T
mc, 7
wc 7
3 TE

BcC, 7
B, TTE

| ‘mse E L

W 3-7 A B 4 B Y T LT B 6

21



3. FEHIARNGR

FHF 2 LF Y P EEOERY o R S F TR AT DY 0 ¥
AFRFAFERIL > Fpt 30 e EeddeRg Y B AT R
B E LRI GOT & ¢ 0 % MQTT #3% ~ Thingspeak 7 it &
i BFA0 R BERSALE FHE o Ao W) 3-8 1 3-9 5 I AR HCRRZ T

o) o

l. MQTT #3%
W3-8 5 MQTT it ¥ o 27 b > F 2 7 BF T = 5% d 55 58 L%
MQTT iz 3 > £ 51 F 5 2 S BB 4p Tl - Py~ B A F P70

FREEEFA, 0 R A AR EAY T RBEFSPETRIT .

MQTTI & MQTTHE =

MHEERTAEARE - WEHSTE

ZEMEF

MQTTH#E

Publisher(R#% &) Broker (S A) Publisher( 3% %) Broker ({$18 A
ARMUANERE MR - REHRE 7 LB SR FRRRNDTE - ERRE
W87 WEBroker - RGP SRR - W8 EMEBroker - WA eRRITN -

Gienth et
20212123 20212123
39 a2 2
i

3-8 AL WRHF 248 ¥ T 2 MQTT Hofrr o1

22



Thingspeak 7§ H-##%
B 3-9 5 Thingspeak 7 ffiftz 7 6] » F 24+
T# B LR iviERY

.L

f% Thingspeak £, %

Thingspeak # i 5 Thingspeak#: &5 Hi

) e M%.;.T e M?TT
@ ® — @ @ =
=

BE - BE
SRMBAMQTTHRES KEIX

MMPM2.SMEE -

HMPM2.5
HRAREM ‘IQTTNETxaiL
AR -

ThingSpeak
6 FTI SBR0 WEE 17 2

SURFRBIERE WP -

C1ThingSpeak

ﬁii

Thingspeak # : 228 Thingspeak #4734

ThingSpeak 4\ MATLAB ThingSpeak 4\ MATLAB
AR BN T -
BURFRBARPES - SRRFRBMRRED -
N = N -
e R : = ﬁT
y MQTT : MATLAB | MmQr :
@ ® mmp | CIThingSpeak EREE—5EE R @ mmp | CJThingSpeak
RRRRIE - TR - =
HENS - =
. CEDI 4
]
S . — R #EIRBThingSpeak
TR il 185 - ThingView RS E0ES
WMPM2.SHE < BE - BE FEPM2.SHE < HE - ME e ] AYRERIBEIRAS - MIERR
SIS BMQTT R BT o L - REEAE -

ERE

00

BRABAMQTTRERRE
ERIE

Bl 3-9 AL 1 Bikey 24 § ¥ T - -Thingspeak 7#

SR BT X
FHE L LY PR anEET o S

4.

-

=)

F T2 HE T AR 0 ]
PR AL EE T R Y RETRG

¥ omiz
e
%"E\
PLE HE2 T bl o

Apriori iF & iF g E i o BE D

23

19
AR NAE RS Y G E R AT O
LR =S
TR % AT o

T B

A Aoiw B xS ?ﬁ:ﬂnﬁ%ﬁ_ ,

K-means ;& 5 ;= #-

4@ 3-10 & 3-12 5 4 %



I FRFEER

B 3-10 3 P FREsL 76l FAVEHFRLEAVEZRT 7 2

1

#{/_L

=

® o

IS

&

Fl/,;\‘?v!]

28]

) mnme

KB {HE(outlier) 2 E ?
NGB RSOTEEABRK - MBS
ibae At P

Riax - 2

FRREPAREARRENES - DRRFIOHORI(E?

LB ) - BRRH DY

W
Slol Z S
(Yo s oo fos

mom
12

10 20 30 40 50 60 70 80 90 100 110 970 980
Milikg)

/

=2

&) anme
FRRREPREEARBENEE - WARFIONORIE?
uso;L o ‘amofn'sv
20 0. /
am /
= s (:3 %o
10 o 0

5

L

0 S
0 10 20 30 40 50 60 70 80 410
HNTE()

& mnwme

RE{E(outlien)F W
MERTIRFHRRE  QVRRHTHN - CON - BN - 2ENR(E-

20|M15|8-202 851 825
/
TR i zn 21
R 77 2 31 233
ZMREARE
mEER

{4

& anme

R {E(outlien I
ALV TIRFORSE  CEEETAY - GO0 - Ry - 2808 -

20826

oL JIH <08 L5 SLIMZ5 )
FHR FHm =n EL] ,‘/
L 7.7 25 31 233 /
ZRRRBRE 246 255 3 16
mEE 323 0s 0 217
SREMEEA ETTTTT /
e&D - J

1 3-10 404 1 ficked o 4 ¥ % & - HF T b

24



Il. K-means ;% 8 & #35%

B 3-11 & K-means i B2 2 w6 > 47 f R LT 80 B R
K-means /% % 2 » # iz » Ti&- HRF 2 g 7ATKE V2 FHA4L
R RFAEERFENHBRBFLZE R0 o

K-means B R AT > K-meansTWiE K-means ®#iE WA > Kmeans R E
BELLCAMEDRE T ERE TEERE WA ELEE 18 Ll R S
SN R R ORI ) O (1 2 A1)
AARMEE TR ERTUBRRRTRTEAR - mam
A= RESANEEC TRt SAnT e
EREY - GESRIESELANNERE T WEESH
[T) ] WA o El
coxc) . E = 9
i z 3] 0~ ]
3 3 ] 3 ’
L] e
s 2~ S " .
5 5 5 - -
5 5~ - N
% 0 7 0 3~ 2
e v @ E - 1
L) 3~ LI o
w0 7~ |- LR
K-meansHRL AHI> Ko Kemeans W8 % T

= 5
= - I
x 5 I
s H
" & = ¢
@ ° = I
YT BT
ey G - 0
i+ e e
» =
= .l w
= @ I (5 [asemman=o e ®
= =
zn 2
. = 2
e e 4 0 0 w0 10 00w e e e
s e

Bl 3-11 A4 i B i 2+ 8 % T 5 -K-means /& & /2 $ciiT &

25




I11. Apriori /% ¥ /= it

B 3-12 % Apriori ;% & i #-# 2 7 b

Apriori ;#8235 ¢ L FR &

T fRA R B

ﬁ&m%w’j%ﬁﬁﬁ
fR AT 4D

:E.§3<Z°

W HIRAORMELH -
= number( x) / number(N )
number(xNy )/ number( N )

psEREME - ErERSHRONEEE

ollglo & o

mx= {§

ApriorifaEEHE

Apriori EE A

FUERTHAREE - UEETHEREHENSE -

wmEREg

offle » orimm | B2E 2
oo & # " * o &
oF5 = 75%
= B— -
o + | oo -2 Dl o o
) . & kel -
o . e g Weoly oo =
- 2R ID rs | o
’ A\ P& D& D o
& o / ——
g 2 : w

Bl 3-12 4% i s 8 ¥ T

26

& -Apriori /7 & 2 $ T b




5. ML¥ R
B 3-13 5B HEA S Y T SRk R AE YA B
Fdgiis » 2 TFEFPRPEHREABETELIEFF AL URLrERE > T AF 4 f’F%é‘{;ﬁ By

Prips v 3L EE L RHRA BRI

W8 = Rl B BE % I B8
BIRIEEE S B THIRUR(aE N8R, ? F85¢ MQTT ( Message Queuing Telemetry Transport ) - 3§k
DHT-118 Z A S A s S B 1B i B A L) 2B R 0-50/E ®% 7% (Publisher) :785% (Subscriber) &%
i o R % (Subscriber) £ 2 ; i
SR R G MQTT 1 \‘./
DOPM2.5i) BB BRI 58 0] IR R BB RS VR B nRENE !\ ( Broker ) it
OWIfifd R IR KB EWIfisN T =18
[=] =i

B 3-13ARF oy et B Y T S ¥ Rl

= FEEVE
PoeBfile xR FI PR T  FRAE R EIF B EERSF Y HE

-

s Bd g YRR N F 0 RS 2 SR g YRk Y BP0 5 2
PG ERE L ERF R L S AR R FE L A R

41

%g?ﬁkﬁi&é%“ﬂﬁﬂﬁﬁﬁyﬁ?iéﬁﬁﬂi—’ﬂﬁﬁiiiéiéf
BirHEer s LopdleanE YERES QI B L ok d Y > 8V Eirl
FRIAAGD R TR EHE > Ll 353 8- - ks -
g I RHITE A RIS

LB A RIS ORISR B B 9 S 4 BOA T 1994 E St il 5
FlR e Rl 22 R% AHE WY - 2RI FY 228 Fd cHRIREEAD T
FTHIL ST ST T RM A R I BN 2 R o
RGFR > £ ABARIR 2L R R RS TR e plREEL F9 - 287 42

L2 F A R G RIT A B 59 A K S B M RIS e At 14 4K G

(R 3 LT

AplBRE G 32 BAEP o F - AP R - 2T BRAEEA LRpE- LA
ARG XRE R R e BERRAY BN - BRI R Ao FT B
RAERAavERdEA R 22 - BrEDLH HERIG ALY 2N G

27



2700 ok 2 3NA AR MR 790 B P PEROR 24P B (MR 37 B R ST -
FRALR LI XRIER G R4

AT G MR T R AEIR R 4 RIS 0 I L R IEITD N 4 HRER L] e
Fdh g d8IZi 4 hE 2R AREL R EY T o EeEREy LR -
L %m$$$M$

%%$$#M%¢w*%§?% aﬁ’maﬁi%§”$fmx.q%,pw
P28 A BT ReR s S e A S Y 2 B

O SRR TR G 1S A4 P S RRRIRE A L 100 40 NG g3 A
P L EHAE 2 AHARN N EHA 2 faMEN a4 2L ER O P S AFE B
PE& 2 A python AEVILfR ~ skt B > L P F AR HEZ A REE BT
HAzZ 2 FREFAREA » 4 34 ;%%Bﬁﬁ:&p&éﬁﬁiﬁl%é—a;‘ﬁ]ig%\%ﬁ o

%%%*ﬁﬂ%@ﬂ%259ﬁ’ﬁﬁa5%%§%52#%% & % 4 ~ MQTT
ZH o~ TR T~ K-means B E ~ Apriori JFE 2 0 JEP 55 FE AT E o B
MR e AL PR AR AR RSB R AR R
&&$¢,%35;%%$$$m 15l 2 SEA IR .

28



 3-4 4 T e A FRIRIR TRl A R

5 P P TR R A KN
B I x=2 y=4 chd| g3 10
B0 iE B AT
B x=3 y=2 end|dr -3 5
= -1 TRz x=2 y=4 mﬁ;?] 2 5
5
5
i %
B FEF I x=3 y=2 ey S
LN
PE - I EAHTFRSE 10
B Ly B2 Sl i gtf’? 2 5
X
-2 ¥ B RIS L i 5 »
B i F
TR R B AR N R T
5
X
4 3-5 47 T e S RIS (5 iR] 2 54 R
5L JE P P I8 R B
RSN 3R Fy-mas 0
i BB T A =10 A
E¥- B 44
1 Bz kR
” LA B 07 A= @104 10 30
, B B4
Bz kR
R ABTA B 10A 10
B Fire
B 5 MQTT 2 e FBER2A 6
chz 84 4
41 Thi k~z
) k) ! jngs;/)ea PR . 0
* £F g "Fk,
3 R B T AR rAEEFIEES 1
3 BAZAEFTHE A EBER3IA 9 20




B2 o TR A EH- B4

’ 11
2R & AB8A =B 1A
. g ' K-means ;& & j* R 20 20
= ) A
T 'E‘%}'% /3
CEIES 2 AN M G IR AT °
s BNGHARSLE  aEAKEPESYOLE 6 20
B I Apriori i % 2 #cif Apriori i B 2 $ AL 8

PR e PR AN LY P

R REA AEBRFIBESAEY W AIRRERGE T PR TN HEY
R BN REFHRByw U ESREEF - 5 FE355% 5 Google # ¥ 7 3%
FANEE LY TRER -

AR RATEHEY 3AHATREL (RFRRSA FL4S Hu
3ACARR2A K ARLNA ) AT & GF S R R AL HAER 0 2T
S
EARNLHPED R RSy eotk P ¢ 7 TR NPT Aok G
AR TR EVEAE G 4 TR RAEV RS 6p 34 A3 1140 4
P S AREF 93 w3 P 4ok 360

BAREBRAD %1 ¢ FRAREDRRG ST THPE A om0 T
By @A TR A MEYEE, 2B e 20 et e T T e
fRPEm | e 4R TR R X | e 2480 535173 HP 2 3 64K v F
S REE e TH IR | 6 43T AER X | % v 248 T 3R E
PR EY R X G 10480 53527480 HY 2§ 6REF w0 LR ik
3-7

POREEEARRNE LG w2 G R A AL G P 2 P F8- K2 (Cronbach's a) -
AT S Aok 3-8 477 0T TG E p Askar | & 9w 382 Cronbach'sa 7 .853 1 & #gft
B8y 245 6 » 2 482 Cronbach'sa = .798~" b % 3 388 ¥ & % ;& + = 382 Cronbach's
o 5.695 T B eIT i34 | G » v 482 Cronbach'sa 5.93]1 ~M kAR ER X | 5w 3

30



A2 Cronbach's a 7 910~" ARAL i ok df B2 B e 05 55 22t 6 » - 482 Cronbach's
05960 BAAERNE LG » v ETHRE2LER o
% 3-6 BARRFEDPELP (AT 5 F v 4]

& % HlEe R e

Lt R P » A3 F TR R PR A A AR
T s 2P FARE G AL F N 2R LT E N RY
I

%% T EHRB AR o
R T i
43 FRAHFALR 0 A F R 2 ISR -

AR

5. /\‘;:‘”l; —FT‘ F%%'ljip%q\ﬁ A&m °
6.7 1L 5T m A ~%$%i%ﬂmF# Y F Mk

Tt s | $H 8RR (o PR IRE) -
gy wde [7F pp R d { AR E LG e
8?”*%Jﬁiﬁﬁ@%m%%évi,%g TI R L
K

OGRS RS A SRR G (e A
g 4o g | S E R A Y RARAGEFITER S JE )
gy g [ 102 F ¢ 3000 8 Godr 78 ioft (750 A8 (4o - 2 B Y A ) o

11 5=t BB r Joerdf pF o A5 it i 745 & B o

2 3-TRAERFESPIED (BAHE LF+45)

# e R

LF F AL HkpF » Al ¥ a0 IR T AR P L B AR o

2P FRARERE AT LB RS XF LT NTENRY E
* rﬁ,;f‘f\fé A 1";7‘75'1' °

3 F AR Gt F I KR FIER T o
4_A%ﬁﬁ%ﬁ%’ﬂﬁu&ii*%ﬁ°

58335 F‘ Fmﬁi;}i %‘{ AB £ o

677 15 R 3 FAPERITTES B R AP A B AR
TrafL g [ BB B e pR o~ E) -

T RAE TP RE AT Y HA R E L Je e
B PR FAPHAAMPATR S > 3 > A ¢ BT f24p M
F\?o

31



9. $F 3G AL S R A IR B R (e g TR
Jogoa g | PR AR R A g A BT s A )

gy ps [10AFF g8 Fazs ofl 7orde(de - 2 87 $heid i t) -

F AR H AP FE o YRR IRT AL B

PENRNT e é_iv’w,ﬂs,%s,w S end & B o

Propges® [ 13,20 0 21 P e g K NI R E T AR

fareim | 14.54 5 7 2 T K-means /?ﬁ’ﬂ/z g HuEFE Y i oo

15.2% 5 7 f2 T Apriori j§ & /2 | 5@ (788 % 34 o

16. 7458 5 & = = B3 GpcAR 7757 7 FEJE ~ AR (40 - MOTT ~ Thingspeak) =

PRALER R | AR T fE
J 17. #8358 5 2 = o B AR 27977 5 5 5 14 (4 K-means > Apriori) = iff %74
R R IITRE
PP IREE Y T L) R TR e A
¥ 4*% R rPPEA N URAR 0 b Ae B AL L PR
PEA AR N A B Y {5 §Te o
195K ¢ ¥ i ¥ pIREY T L0 chf
BMIEEYpmpelt e FAAFIHE-
20.58 3 5 B ek IﬁL(&r"‘ )RR T 4
Y IL R 4 T e P B
ROAE ERE
AL
a‘%‘&ﬁgé A
ok

Y HAZR S
RIBEM B STEBEAM (curopean Telecommunications Standards Institute, EsTi) 16 4 B 48
SREHE - @EE - RRAE=E -

3 v

3>33>>>>>>>>>>> L
RE=
WEES - WIFGH - 6 BARN L EARME -
BARNERRONRANNE - FEmRIRMEN L - AISEH  RASWEZNA -

21-5“3:‘3&73 [ BC B ] i §Tes A0 5 4% (P e o
P L0 R Y R kBRI R L

32




R

WRF
NUTREREFAEMERRE - &
WHREELMARAMEINAREE -

VCC : $MR3.3V~5V
GND : SMEGND
DATA : MU RH W

223803 5 % T [ %ﬁﬁj’uﬁ“% fi%
2]

INREF
AR TRRRRATEE, E2EER
FEHIR -

ARG [TRR] A EERNERY
B T fER A MO AE SRR

o-e

W B

24235 5 [MQTT g ] ic 35 8 4% (4R 3 638

%‘J’EJ,:\. }f;z,;'qg 1—,,,, F_eng (v k o

33




MQTTH B

Publisher(875%)
ARMEERURAE -
WREEMEBroker +

il =

essage Queuing Telemetry Transport
blisher) (st

Broker

25.2% 2 % 1% 18 ¥ 17 [ Thingspeak % $u2E fﬁ] b
IR eI EE D R SR s - ST A

Thingspeak % #2218

R
HEPM2SHE B - WX
SRMMEMOTTERE BT
R -

26.5\ 3 % % W4k (7 [K-means iw & 2 W] i §e
AL F A R E AE i A (PSP FR T
K fodda? o SRE LS FHL2 Y o g
L ;A g 122 K-means J§ & 2 i (TiE 42 o )

AREKLE

: of By

T @90 I

EL =S

L8

2

23 G
23
2
i
i
2

2 AT w8 T
0 20 40 G0 80 100 120 140 160 180 200220 240 260

o EEE

M25

Fses:[0.0,30.0] [200.0,34.0]

27.3\ 3 % % w4 F [Apriori % 5 i Bk ) 9 A ek
THBERE DR oo F A fRIFE 2 g

&9 R hcend, & -

34



Apriori# & £ 1 i

Apriori i@ $ %5 52

MERTABRAE - WEESZSEREMENEE -

%8
a
k]
Bl
3]
]

238FYREAR> Bo w2 GRS

Py LYY S
T B p Aok 853 4
TRALE R Y B 798 4
BRELMEYR L 695 .
o 9 e 3L RS 931 4
HATILR B X 910 2

AL T B B A P e 1 B

g et 960 10

Fr RS
&%ﬁ%?%@%‘ FHEBESTH PPN F R TRTH BT e
PHE LI SRR E A F T R RAILA S F 2 IR AR T A F T G

o125 4 F’ 2 s «%ﬂ%.?}&#ﬂ&iﬁl, @/w\ﬁf B R FHIT 5 4 ﬁ 2 s %%f&&iﬁi?‘]% 4
AE DG BRI Y F 2 - - o e B B PEDHH 0
#1668 o

PENFF FHF BRI E BT AT TR B Y FEE - K i e g st
0P nE 0 BEANSERENAEY TR NFEEE FY R 0 252 @ AR
Filfmp e meRgampzaegr om .

Foe B Ea PG 2 R g SHARY R RS

LHRRAEr T LB A o i AP dok 39 ¢

35



% 3-9 L B S g

5 e -84
1 AEFEENAAL > RRAHNFEEnRZ LR ?
FeAR ¥ R 2r 4t B AR B (BEHE

~

[EN
BEAR Y R S AR A (R EF T RSV E RS
) MR EYE REREe - txg L L e
L T By BAF TR ST A
FOITE)H DY &y §es ? 7§ 2
L%ﬁﬂ,i®§m&kﬁfﬁ%iﬂ aﬁﬁ@*W®§m&*ﬁfﬁii“

E‘

=RUE St LGl s S ED HERE S g (ARt

3 o ‘ .
;};\B; SN %%\? le_%,- S ) ﬂ;?- P %I ﬁ; %—/\ 7 1 ~ ﬁ—*ﬁl ~ _g),g\—ﬁ i3
o4 i 5 F 3 2 #3) A7 FEpEaag?

_ I,J\’E]«j\ I.‘aﬁ—l “ U’JV}’&%?&&
4 CEACE SR R SR “%Tm,»:;ﬂ«’ﬁ”%%&‘?«&’ﬂﬁu
) Bs g B e 7 g B
G 9 ot et e 9 " ; ’ '
LR

Ry T o LT a Fe i
PR EF e
(4e: 7 2= & 7 4 ~ k-means i# &

AL A AR AT e FTE iR R
5 ﬁ*z E i#ﬂﬂﬁy‘fbm’}%,{i(-&r 3
%= K 74 ~k-means iw & 2 %) ?

=E)°?
6  ipBiAra- BiEK o
=~ 2R IF
AANF TR F e F L FRERY T i A B ip M 1 2 4o Thingspeak
MQTT 2 2 % > & 52 § %4k 'Fp‘ﬁffiﬁ% N pﬁﬁi@:ﬁ TR auBAr o 1L 40 R

Ui e c7E R 22 I AR
FELFIP O A EREERLNBE AL AT Y Google Colab #& -5 4 =
PIAZF AR S RP Y FRAPM A RE A R L BT AT RIRE AT R LR
FEi TR R RILEAE - AR TN F 5 T LT P json A T R AEFF
i K F xR % MQTT % %% # 2 Thingspeak j~ " p & jidy T 7 217 json FAL L
Z_pF> Thingspeak 2 # 1 3% o FIAFT T 258 F (TR RE F - 0> p eni 514
BAEY RN AR T AFEY RPN T Ak

36



AN ;{E‘? f’{:‘
AR LA AL - BRERAET T BALP RF L HEFA TR
"HERF 2 BPmeELILEY > PE- BEFELEF T B 3-14 3 3-16 5 & AR

FH A FAZRMRTATHRER» L7 Szt ? - a2 FFRH AL 3

~m

PR AR R A S EE ST T FH R b ArE Plen Apriori Jjf 8 212 2 K-means

ﬁﬁ%érﬁﬁgﬁ’éﬁi?;&%*é%@%ﬁ%ﬂﬁmib,ip;@wGm@:

Colab # &8 4 5|25 P 2 F ~ B AR 2 %'w]%zr'ﬂ B 3-17 EAp B e > SRE 2
NPER S

(R A VERKER B RFE 2P PR E RS HaENF 4 LY T ko
FAEL B TR KE SR - R Pni g E A p A L HFr T H ok

B i f 1 & FEID mE | BE |PM2SEE |PMIOEE| #F | &F

date time area device_id s t0 | s_h0 s do0 s_d1 gps_lat| gps_lon
2021/12/7| 01:00:01|keelung |74DA38F20ACE | 19.25 45 2 2| 25121]121.723
2021/12/7| 02:00:02|keelung |74DA38F20ACE | 20.25 45 2 2| 25121)121.723
2021/12/7| 03:00:02|keelung |74DA38F20ACE | 21.25 45 2 2| 25121)121.723
2021/12/7 04:00:04|keelung|74DA3BF20ACE | 22.25] 45 2 2| 25.121]121.723
2021/12/7| 05:00:02(keelung |74DA38F20ACE | 22.25 45 2 2| 25121)121.723
2021/12/7| 06:00:01|keelung |74DA38F20ACE 0 0 0 0 0 0
2021/12/7| 07:00:00(keelung |74DA38F20ACE | 25.25 45 3 2| 25.121)121.723
2021/12/7| 08:00:05(keelung |74DA38F20ACE | 26.25 60 3 4| 25.121]121.723
2021/12/7] 09:00:05|keelung |74DA38F20ACE 26.5 80 15 18| 25.121]121.723
2021/12/7| 10:00:05(keelung |74DA38F21ACE 27 79 50 39| 25.121)121.723
2021/12/7| 11:00:05(keelung |74DA38F22ACE 27 77 63 40| 25.121]121.723
2021/12/7| 12:00:05(keelung |74DA38F23ACE | 27.25 45 60 50 25.121]121.723
2021/12/7| 13:00:05|keelung |74DA38F24ACE 28 46 60 50 25.121)121.723
2021/12/7| 14:00:05|keelung |74DA38F25ACE 28 46 55 49| 25.121]121.723
2021/12/7| 15:00:05|keelung |74DA38F26ACE 28 46 55 49| 25.121)121.723
2021/12/7| 16:00:05(keelung |74DA38F27ACE 28 45 55 49| 25.121)121.723
2021/12/7| 17:00:05(keelung |74DA38F28ACE | 27.25 45 50 38| 25.121)121.723
2021/12/7| 18:00:05(keelung |74DA38F29ACE 25 45 50 38| 25.121)121.723
2021/12/7| 19:00:05(keelung |74DA38F30ACE | 20.25 58 42 38| 25.121)121.723
2021/12/7| 20:00:05(keelung |[74DA38F31ACE | 20.25 59 24 10| 25.121)121.723
2021/12/7| 21:00:05(keelung |74DA38F32ACE | 20.25 74 24 15| 25.121121.723
2021/12/7| 22:00:05(keelung |74DA38F33ACE 19.5 90 13 3| 25121 121.723
2021/12/7| 23:00:05(keelung |74DA38F34ACE 19 90 15 4| 25.121)121.723
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Bo | me | w8 |enes| sow ﬁfﬁfﬁ:) BEXE ?ﬁfﬁ TR
date time V?;:Se age g{ulr:nb:Sr pcu/h | weather Vlf::l:;ty temperature| Humidity
2021/12/7| 01:00:01] compact 25 3 1,185 sunny 3 19.25 45
2021/12/7] 02:23:02| scooter 30 3 748| sunny 3 20.25 45
2021/12/7| 03:44:02] compact 31 3 834 sunny 5 21.25 45
2021/12/7] 04:39:04| compact 48 4 92()] sunny 3 22.25 45
2021/12/7] 05:00:02| compact 32 3 526( cloudy 8 22.25 45
202112/7] 06:07:01| compact 56 3 531| cloudy 23 22.25 45
2021/12/7] 07:13:00| compact 66 3 536( cloudy 26 25.25 45
202112/7| 08:27:07| scooter 65 3 541 cloudy 17 26.25 60
202112/7] 09:00:05| scooter 63 3 388 rairy 13 26.5 80
202112/7] 10:40:22| scooter 28 4 949 rairy 12 27 79
2021/12/7] 11:00:09| compact 44 4 1380 rairy 12 27 77
2021/12/7] 12:46:05| compact 28 4 1075| cloudy 13 27.25 45
2021/12/7] 13:00:05| compact 38 4 1392 cloudy 13 28 46
2021/12/7| 14:11:05] compact 29 2 107| cloudy 6 28 46
2021/12/7| 15:00:50] compact 977 -1 -1{ cloudy -1 0 0
2021/12/7| 16:24:05] compact 60 2 288 cloudy 7 28 45
2021/12/7] 17:00:05| compact 51 3 579 cloudy 13 27.25 45
2021/12/7| 18:01:06] scooter 72 1 41|  rairy 4 25 45
202112/7] 19:24:05| compact 49 4 447|  rairy 1 20.25 58
2021/12/7] 20:26:09| compact 44 3 890( rairy 1 20.25 58
2021/12/7] 21:36:05| compact 46 2 173| rairy 1 20.25 74
202112/7| 22:27:14| scooter 25 3 156| rairy 1 19.5 90
202112/7] 23:28:05| compact 33 3 421|  rairy 2 19 90
B 3-15 FEAFHFHRE
AW |meers “t”:‘:'f“l) S« ff“g;) sy o] wxxn i
date oTy?g(]:n t?::(?;?r?) ;(;2?; act(l\.r;::i)m © (:Solzr?t r?nc;:)ec;s Weather |temperature| Humidity
2021/12/5 96 490 3 361 4788 5 Sunny 19.25 45
2021/12/6 96 475 3 358 4151 5 Sunny 20.25 45
2021/12/7 96 366 3 187| 2623 5 Sunny 21.25 45
2021/12/8 98 402 4 299 4326 7 Sunny 22.25 45
2021/12/9 99 279 3 375 5362 8 Sunny 22.25 45
2021/1210 99 281 3 281 3325 3 Sunny 24 43
202112111 a7 411 3 333 4116 6 Sunny 25.25 45
2021/1212 97 360 3 243 2754 2 Sunny 26.25 80
20211213 98 497 3 241 2982 8 Cloudy 26.5 80
202111214 99 277 4 285 2735 4 Cloudy 27 79
2021/12/15 96 232 4 299 2371 7 Cloudy 27 77
2021/12116 96 291 4 190| 1627 8 Cloudy 27.25 45
202111217 95 304 4 191| 897 4 Cloudy 28 46
2021/12/18 96 347 2 277 1422 4 Cloudy 28 46
2021/1219 97 472 2 294 3754 8 Cloudy 28 46
2021/12/20 99 440 2 376 3274 6 Cloudy 28 45
2021/12/21 97 415 3 186| 1162 7 rainy 27.25 45
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if x<y:
z=z+1
else:
if xy:
z=z+2
else:
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print (z =,z)
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while(x>z):
z2=z2+X
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print (z =,z)
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in range(11):
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print
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