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import RPi1i.GPIO as GPIO

import time

led pin = 17

GPIO.setmode (GPIO.BCM)
GPIO.setup(led pin, GPIO.OUT)

AN RAE LR F EE R AR NS, PR B -

Cry:
while 1:
print ("turn on led")
GPIO.output(led pin, GPIO.HIGH)
time.sleep(2)
print ("turn off led")

GPIO.output (led pin, GPIO.LOW)
time.sleep(2)

except KeyboardInterrupt:
GPIO.output(led pin, GPIO.LOW)
GPIO.cleanup ()

print ("done")
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IR ATEERAELHNHA,
BR: R TRTRHT,

1EE R I%

BAT WL E =, ETAT 7 BB XN TABREE — S XRBIAZ KB EB 57
B T AR F EE, FoNEReH BN 1 e R 1EF= 2RI

e A LB AR IE R 2] feedback@packtpub.com, R EAEF@EE F3A)# H BT,

MR FELEF X —AFEBAE LM RE 2 B AR EX 'ﬁfﬁiﬁﬂ%ﬁ —ETTER, AISFE IR
fITHI1EE 859 : www.packtpub.com/authors.

HER B T
BERERRAE R, BINE LSRN RMSIR, W BIMRERUARIE K HIHME.
TERBIHS

VRe] LRI P ZE http:/www.packtpub.com T #EERFICAS . a0 SR ARAE HoAth b 7y
W SEAHS, 7] LA A] http://www.packtpub.com/support F-iFE M, FATHE B KGR
YRAT LU LR 2P 3R R 3 24T
(1) FH I A8 b k- A0 285 R 26 53 B 38 Y A 3RAT T FY I 3
(2) ¥ WArTRE B ) FINE ) SUPPORT —4=
(3) H.if Code Downloads & Errata.
(4) 7E Search HE ¥ A K4 F .
(5) IEFE FHAIHIA.
(6) EFEW K HRINLE R FH 5
(7) Hif Code Download.
PR AT PATE Packt Hi Rkt 4 sk () 3X AR 5 1) 32 71 H Code Files 1% 4H R %k, & 0] PLidEd
£ Search fEFERIXA BRI L FIKE], HIEBIRT ZERIRH) Packt K
AR RS, TETRIAR AR A = R i A :
O  WmRAR / 7-Zip for Windows




e« VIII * B Re Bk I B T A SE AR

O Zipeg/1Z1p / UnRarX for Mac

Q  7-Zip / PeaZip for Linux

AL ETE GitHub, ML https:/github.com/PacktPublishing/Smart-Internet-
of-Things-Projects. AT HAR FEEFCABFIFIANAAE https:/github.com/PacktPublishing/ .

Emx

BRBAICESS NIRN B EW, (B2 R HERE % . R8RS 7B AL )
TiRIFRE S ANEAT, BRATREAER RS XA TH R AR pO N 2, tae s BhakA 148 &
Ja TR ) i &= /R 7] LA1J5 IA) http://www.packtpub.com/submit-errata, ZEF/REE =TT,
Hid7 Errata Submission Form F4m AR . — BARKIERRTG 2 UE, FATSRZEWR
A HME B IR ENR AR I TA TR NS, BEE N ERRE TSR E,

7 [7] https://www.packtpub.com/books/content/support FEE RIEF A BRI % F, 18
Errata — 5 H1 A] A B Z BT HIEh iR .

#HRITA
S RRAT JTE ELIEIR) AR 3 3 Wo 75 Packt, BRATIEH ™R RATMIMAL. AR
FRUERBAMIEE R, W EIR A RTINS ARG 7, TN TRE TR

TH1EA KR ERSE M B K IE 2] copyright@packtpub.com.
TR BAEE BRI, AT BERGEL AT A ERAE IHE N BRI

o) &0

UNRARXIT A FE LA R B, ILEL R questions@packtpub.com, FRATR: R4 JI#f R
PRI IR) 83




X T 1 &

Agus Kurniawan & —0fZ i), W2 IT B RIAES . ISP &, #R=AE55
M 2 EHEE AR EEFE T A 14 FHNAEK, EL 12 FREMEREEIMEEX

(MVP) 3£,

BLE fih 7 B R JE 78 VK = O 1 SR 52 R AR 2 e 7 I = B2 f S e B 78 A A 58

Pz Mz e RGN TE. Bal, MEEEEMANE BRI SR AR AL,

b AN N % &2 http://blog.aguskurniawan.net, > A Twitter &@agusk2010.,



XTEBRA

Phodal Huang fERE{HIT &A1 Web J & T AR 6 FRIALK . fh 5L T 7822 303 K
¥, HHTTE ThoughtWorks 22 &l it [m], ZXRIRPIELMIINE (https://github.com/phodal/iot)
A5 (1%t IoT) C(http:/designiot.phodal.com X H Ch) WITEF . [RIR Ak & Learning
Internet of Things KI® RN, #BEKBH, fitH KA Design Internet of Things #1E1E
R

Phodal Huang #%& & it, S51E, RAEAFEAREI N AMES hitp://www.phodal.com #% 2|
EZHIE R . A T IRAF R A, /RA] AFE http://github.com/phodal &2 .




A E BRI E B T BB oo, 1
Tt 2 T A ARl 2 AT 1 oottt 1
T Gt A BRI PYhon ..o 3

TGt i B AEIERIZE B PYthon FE ..o 5
S N T R B T B R T oo, 6
B N T 28 R T B8 ettt neeenen. 8

AATAUINIO .o et e e e e e e e e e e e e e e e e e e e e e e e e e e eaans 8

RaASPDEITY Pl oo e e e e e e e e eeeanns 10

BeagleBone Black and Green ............oooooviiiiieeciiiieceeeee e 12

F T ESP8266 MCU HIMIEEITF IR e 13

T TICC3200 MCU FINEETFFIEAR <. 15
B P T 0 B T AL 0] et 17

ATAUINO BB BT IR T oottt ettt ee e 17

Raspberry Pi B8 BRI S B e 25
R ] T D B BT T T B oo, 31

Pl FE B 1 8 ettt 31

F Python SZHH PID F2 B B% .o 32

R IRt Bt =11 =Y OSSR 40
I ettt ettt ettt ea ettt et et et eeeene 44
] B ettt et a e e n et e e e et et et et eneenet et eneeeeneeneenenen 44

B 2E YRR ARG T B R LR oo 45
R R I L B 2 2 B R T e, 45
FH R B GE I DU RIT <ot 45
P T R G B B 2 ettt ettt neeenn. 46
R R ARG TN Python BRI ..o 48

T T A T ettt 48

) ] 53
-------------------------------------------------------------------------------------------------------------------



« XIV * B REVIER N I H R SE AR

e — R B T DU B IR R TR B G e 55
KRR R BRI R ITL H 5 B e, 58
FEEEFTE T IREEBRGEIIIIIEIT oot eeene 60
IR e ettt 60
B PYINON R oo ns 61
TR ettt ettt e e et et et e e e et e e e e en e e et en et ee e enenenene 66

B TR e ettt ettt ettt e ettt ettt et et et et et et et et et et et eeeeeeee et et eneeeeeeeaeeeeeaene. 67
ettt e et e e e aaaes 68
L ettt 68
B BB BB L BB Tt oo 69
LB LI I R AT oottt nenens 69
OpenCV BRELZE ST ..o, 70
7E Raspberry Pi EFEE OpenCV ..o 70
(5 OpenCV RS — N B IR E oot 75
B T A A LTI et ettt ettt 78
J T CST B L BB A AR e 78

F T USB B 0 BB AR AR e 80
BT BT (serial) BEORITRBHUEL oo, 80

22 I TR BR IR UATEIR o 81

M OpenCV BRELE VT IR BRARHUBEIR oo 82
A T LRI PRI ZRAR T oottt eseaeeeeeen. 84
BN IE AT TR T ZRZE e 86
B T O T AL BE AT ettt ettt ee e e et et e et eeeeeeeeeen. 88
7E Raspberry Pi _EE3E Pixy CMUCAMS.......cooeeeieeeeeeeeeeeeeeeeeeee e, 88

B T, ettt e ettt et et et et et et et et e s et eeeeeeeeeeee et eneeeeeeeaeeeeeaenes 89

F R Pixy CMUCAMS B .o 89
TR ettt ettt ettt ettt ee ettt reneaene 89
ettt et et e et e et e e eeneeeaes 94
] ] e e 95
B A B EB I B e 97
L BT R 1 28 ettt ettt et ettt ettt ettt ee et eeerenenans 97

N B T L N oo 99



B T L 2 e, 100
DY LB A T B8 ettt 100

B B L B A T 5 ettt ettt 102
i FH Pololu Zumo 10bot £0r ATAUINO ....oooeeeeeeeeeeeee e 104
B B LB i LB ZE e, 109
B ] G S BB I T ettt ettt een e 117
A LB HI I I ZETE G ettt ettt ettt e et ettt ettt eneeeeenn. 124
B E B T GPS BRI/ ZE e, 128
IR B B LB ZE oo, 130
o ettt et ettt ettt et e et et e e neene. 131
] ] e 131
E5E MBI E RN B SR oo, 133
mEﬁ*ﬁ% ................................................................................................................. 133
T A BB L IR B T B A ettt et ettt ettt 134
%ﬁ*%ﬁfi%ﬁ% ............................................................................................. 143
ﬁ%lm T A T T R B e, 143
SN EE R TTL ) B TITEE TZ 2] oottt eeeeene 145
TEE BasyVR ShIEId 3 ..ottt eae s 145
ﬁlﬁ%mﬁ%ﬁ* ......................................................................................................... 148

R B T T 8 e, 151
%Eﬂmﬁﬁﬁ .................................................................................................... 151
IR ettt ettt nenen. 157

T O T A T ettt ettt ettt 157
B B ettt 157
T ettt e et e e 157
S SO R T oo e, 158
a8, e et 159

LE RASPDEITY P1 T 18 oeeeeeeeeeee ettt ae e 159
B B et 159
S PYHION TR oo, 162

R o B A ettt e, 163



« XVI B Be Bk I B T A SE AR

] e e 163
E O E MBI I B e oo, 165
R 8 B R AT B ettt ettt 165
N B B T e B IS B 27 oottt n e, 166
B L0 T AR B R R B oottt 167
BRI AZUTE TOT e 167

E LD AWS TOT e e e seeeens 168
AN 1s 1051 0 1o R cuuu USRS 168

A IR AZUTE TOT HUD ..o 180
BT AZUTE TOT HUD ..o e e e e e e e e e e e, 180

T T L0 T T ettt ettt ettt ettt et eaeens 182

B B R T et 186

o B B T e B oo, 192
B B A ZUTE LB 2 T oottt 193
KATE Azure ML A/E N Web RS oo, 194
AR A R R B I TOT N oot 196
ettt ettt ettt ettt et e e e e e e et et e e eaeeneeans 196
| B ettt e ettt nene. 197




78 Z0 46
T8 Bt

T

F1E LYEEMInE?

M

BAT TR MBI B A ) G i FNR T 48, R85 5% > WA 7E Arduino A1 Raspberry Pi SE477Hk
i (TIoT) EFEATHCMAIPAT . FATIERE A A& 5 Gt MEFE A XK Python pREL
o X pR X T R B B AR I H IR A S B

ARER<F 2R A

Q  JUFGE A EE A 7 B A

QLRI N 1A R S R [E] B

Q  E AR R RV BRI VA& BRIl AR AT

Q FR—E R INH

IRTFELEFRATHT LR IE !

%53t Fo B A B A

BRERBERIERERIFEE, FTUAE—R3Y, REAXEMSRE R LE&R— /N
ME—T. XEHELLFN, BAREERELREEEERTEEL—NTH. JELE R
ZJG, VR T —FEEESE. MERgRnE 1-1 Fix.

= 1-1
Bf 8] mE (RIKE) Bl I§ mfE GRIEKE)
01:00 18 13:00 28
02:00 17 14:00 29
03:00 18 15:00 28
04:00 19 16:00 27
05:00 20 17:00 25
06:00 20 18:00 24
07:00 21 19:00 24
08:00 22 20:00 23
09:00 22 21:00 22
10:00 24 22:00 20
11:00 25 23:00 19
12:00 26 24:00 19
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= 1-1 B TIREEYE. X TXMER, IREE SR, —E5it25400,
W~ (mean) « F4H7EL (median) « /7% (variance) FPRiEZE (standard deviation)

i B2 YR HIT A AT o
R — M4

ARKH TR

K, FEAFE o NEE, 23 H x1, x2, x3,-+-, xn k8. ATLLAH T 7
B EL. T EMEE
oo
n+1

Jif nis odd

median = value on position
2

median = value on position between n /2 and (n/2)+1.if nis even

n—1

n
—. 2
Z (x, —x)
. 2 i=1
variance = s =
n—1
n
— 7
Z (x, —x)
. . i=1
standard deviation = s = \ '

RR: ATHRE PR, RiZFREEFHT,
FAZR 1-1 PR, AT DRG0 B G F R K986 AR Jr = ArfEE . X

LB Mz Al & 22.

5. 22, 12.348 1 3.514.,

A TEBEEFENES, TERAEHEREARER, WH Microsoft Excel. 4558 Un

& 1-1 TR

lemperature

K 1-1
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REE B ERFEREZ 22.5 BIKE. BERNSEXEMR/MES 52 29 fl 17,
WP IXLEAF S, ARAT DA R AR SEWR AP SRR 1) 25 1

Fbh, AIURRE— TR TAE, EL—HNERFEIARNEREE. WEZ)E, R LE
ZRHERER R E R, i, 2 Microsoft Excel. & 1-2 B~ T 58 M & &£ K]
— M F-

35

30

Temperature
()
=

=
un

10

1 A 3 4 ] B 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time

e Monday =———Tuesday Wednesday Thursday =de==Friday =—#==Saturday ==——t=—Snday

K 1-2

A 1-2 B 1 5 R E R RAEZRN . IMRFFE—FFREFME, MiZn LG

A2 B ERNENES . B ERART RSN BT PFE e 1. 3R, A8

Gt HEANLE F IR IR B SRR EHER, 7B 4 st B AR ARG
RXAASRE 2B EE 1 AT B R IE B A MPLa: = I N B KSR B . A E

Ll

R T %ttt B A4 3E #1549 Python

Python 2 —F#) ZHHRBERAREIES . Al1%E, Python £ — MR L,
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Python $24t | faj L) RAR B A M B E R L HI R EIR L, 7 LLUHIX SR B ORI REFEFY -

AT BETETHFEANL LA Python, A] LA https://www.python.org/downloads/ s #5122 2%

(BEHRIERAKARNLE) . ZRTEMZE, FJLLBEEELREFE Windows R4 H
)47 BRI T 4l 6 & KIZ1T Python F2/7:

$ python

e ZRSirE, REELSLZH Apython, E A T Python 2.x,

BATZ A )E, NiZA] LAE | Python A8 4T A1, WHE 1-3 Fizs.

. @ agusk — python — 80x23

agusk$ python
Python 2.7.10 (default, Oct 23 2015, 19:19:21)
[GCC 4.2.1 Compatible Apple LLVM 7.0.90 (clang-700.0.59.5)] on darwin

Type "help", "copyright", "credits" or "license" for more information.
et e ]

B 1-3
R 2% | Python 3, @ &IEE U N ar 4TI 1T 7
$ python3
i LA 2| [ Python 3 Fti, & 1-4 frs,
® @ agusk — Python — 80x23

agusk$ python3

Python 3.5.1 (default, Jan 22 2016, 08:54:32)

[GCC 4.2.1 Compatible Apple LLVM 7.0.2 (clang-700.1.81)] on darwin
Type "help", "copyright", "credits" or "license" for more information.
=2

& 1-4
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% PR A

H1R%Z Python TR U BNZ I W{TH Python wEFEF. HEFIEIT https:/www.
python.org/doc/ [ 3% Python 345 . W A] LAE3E Python fHRHIFEERINEF . XA
TS FHA Python 4w e J7 TH I F

AT ittt EMEHERF/Y Python E

Python 145 FE R HIAE X RFA, # Bt X A AR A PROE Z S 2. REALXEE
R T Gt EAEGER 2R EE, KEREFELIHETES. EPREH
1X 8 bR B SR SE AR ARG

PAF 2 —EH T geit it S EEE R 2 K Python BRI

NumPy

NumPy /& —/"N 1 = EH Python BEAT A1 HHIZEA R HUE, 1] LAALFE N 4550
H HHRA C/C++H Fortran AXAS, W5RMHL 1 AT FH T 2K, {8 B AR 4R A= R B ATL 25 )
THEE -

NumPy B 75 W uf v 3@ i M3k http:/www.numpy.org 3475 1] .

Pandas

Pandas &—NH TR RR ARSI FI R, XMEFIH AR A DataFrame Xf R .
EAR NumPy FRJEAN R—%, WA ERKNRES, HXFEBNEFEH.

KT Pandas I 245 2., 0] LL#EIL 4L hitp://pandas.pydata.org 4T 15 7] .

SciPy

SciPy & NumPy B ER— 1k, B& FATHTERERE. @E. £e. KR5F
HI1R 2 ThHEE .
SciPy [E 75 Wk m]im i P bE http:/scipy.org/scipylib/index.html #4715 1] .

Scikit-learn

Scikit-learn & Python & iATHIH THLEEF I HIREE, R4t TIRZAHIIEE, W
HAETUEHE, 28, [BIE. B3R, BEMBERERE.
B Z KT Scikit-learn 15 2. 7] DL P ik http://scikit-learn.org/stable/F 47 17 ]
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Shogun

Shogun x& —“* Python FIAL2% 5 I R B, U E T B T EREHE, WX FFmE
Pl (SVMD pREVEFTEE T REAFRE SVM L7 20
B 7 Wb a] BLd S bk http://www.shogun-toolbox.org 34T 15 7]

SymPy
SymPy & — AN CFFRF S E2E T Python BREUE, W LLSZRFRAR 4. ¥ &4

BRH T, ETYERTZHAIEE.
B 7 WuGa] LB L http:/www.sympygamma.com 2E4T 17 19 .

Statsmodels

Statsmodels s& —/N 0] AR SRACEREG YR . T0Lfh S o i AR R0 X 238 /) Python ARBR
A] LA 'E 77 Ml http://statsmodels.sourceforge.net SR IKHN 22 58 T Statsmodels

Y5 — /R T it e B A2

T “ Gt MEEE R R 7 — T el E 1 RIFEE, IEREH Statsmodels
AT ERIE NG E . iR I E S R EGE, IF B 9 IEE SEI— A TR BRI £
(KACINEE T ich

B 5, MiZ 223 Statsmodels . 1 BRI 57 {5 — L6 HA oK 25 %, 1 NumPy . SciPy. Pandas
A patsy. A LMEH] pip Z&. HA N A<

$ pip install numpy scipy pandas patsy statsmodels

INFIE R T ZER R A &R, AT LAEH sudo RizfT R4

$ sudo pip install numpy scipy pandas patsy statsmodels

MR T EN P EE S pip, 1] LA#ZIE hitps://pip.pypa.io/en/stable/installing/# F & 7~
Kz A%
@ — > Python T2/ HI TRIK. 4T 5UMIA TR -

import numpy as np

import statsmodels.api as sm
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# EEIEJ{EJE

Y (18, 17, 18,
25, 24, 24, 23,
range (1, 25)
sm.add constant (X)

19,
22,

sm.0OLS (Y, X)
model . fit ()

model =

results =

¥ FTE[
print (results.params)

print (results.tvalues)

print (results.t test([1,

20,
20, 19,

20, 21,

19]

22,

01))

print (results.f test (np.identity(2)))

i sm.OLSORSLEL — /MR RIS . #3E, F model fit )R SEIL T -
B BZERF RN ch0l linear.py WA S
ﬁklg. IﬁffF?:

B LA
BAE, AILLE T 5 an

$ python chOl linear.py

22,

24, 25, 26, 28,

MR A% T Python 3, FJLUEL FHar & RIZT %12

$ python3 chOl linear.py

A DAERE 1-5 1 F B iZI2fFiedT

PESY

e

Z A B s 2 Python3 HIIE1T

29,

.

codes — -bash — 80x18

agusk$ python3 ch®l_linear.py
[ 20.43478261 ©.16521739]
[ 14.31244119 1.65345307]

Test for Constraints

coef std err t P>t [95.0% Conf. Int.]
c@ 20.4348 1.428 14.312 2.000 17.474 23.396
<F test: F=array([[ 530.44612737]]), p=2.4333902675836626e-19, df_denom=22, df_
um=2>
agusks$ |

K 1-5

28, 27,

e, 11

iR o
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B WX AT 6

PIERI - & P14 AT IE R B BRI H A AR 8 X BRI BHIRU, Mut& T
& HA R IR EVIRM 2 EEBRH)TE & . AR REJUMER P e =28 14
P

Arduino

Arduino A& — S Z AT R . ZFKRERARAEX FT AN KZH
Arduino J#id Atmel AVR %5, {HR—LEIF KB Arduino BXA & ) HAth MCU.
BUE, Arduino FFRAREIT Arduino.ce Fil Arduino.org Hi5. HAAT BRI, X
Lo R AR AR A Arduino F#% . X2 FA Arduino FJEIIEANCE AT T HARE R, XHES
NANFA UGS H 2/ Arduino. {3 H g R T 68 H BT AR AN 2 B T A — K~ H]
I o

AT & Arduino [ VO FZjfE, A LAMEM Arduino shields. A 1RZ AFH) Arduino
shields, A ASFERTIAE, WBEF . Wi-Fi. GSM. BE. BERNEE. #H Arduino
shield FJEFRIFETE VR P RHPEB ST AR AETE. HFEEIE Arduino shield
MS7E Arduino JF &R b, AT EETERE.

FATREM Arduino.cc B[R —LE Arduino &M . B LLEE DT ) M HE http:/www.
arduino.cc/en/Products/Compare K [ 13K H Arduino.cc B AR FELIXNT B . FRATHRE
<> [ B 40 Arduino Uno. Arduino 101 1 Arduino MKR1000 X [#) Arduino FF R AK .

Arduino Uno #5572 T Arduino & . &2 T MCU ATmega328P T 2 % il 4%
W5 . ZITRBGRAL 7 LA AR DO ST, AT DUREROAN £8P AT 502 s 213X T
SPI Al 12C #pidtE4 Arduino Uno $#fft. WIRAE I EZ R TiZITARIIER, HEFE
http://www.arduino.cc/en/Main/ArduinoBoardUno [ 3EH &R B FE4H % £t Arduino Uno JF
RARHIFEF W 1-6 s

Arduino 101 7£ /O %1 77 TH A Arduino Uno #H[F]. Arduino 101 iz1T Intel Curie,
http://www.intel.com/content/www/us/en/wearables/wearable-soc.html 7E N HAZ O L 1Z T
RARE BSR4 E Arduino 101 W& ERER]—A Wi-Fi W4, RiZiiin—
NEANE) Wi-Fi shield. #7718 A Arduino Wi-Fi Shield 101, kA http://www.arduino.cc/
en/Main/ArduinoWiFiShield101. & 1-7 Br7= 4 Arduino 101 JF AR




KR : https://www.sparkfun.com/products/13850

& 1-7
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Arduino MKR1000 fEZ P9 E R 2 —MFEF KR . KT AREH Atmel
ATSAMW25 RS, ZORIRME T HE Wi-Fi B3k, HEEM R ZF R EXT
Arduino “FEWMBEM MR TR, BN Wi-Fi . WINC1500 #f SSL #1 ECC508
CryptoAuthentication > . 5 2 KT 1ZzH AR F{E B 7] LLE I M HE http:/www.arduino.cc/
en/Main/ArduinoMKR 1000 &% . B 1-8 fi7n A Arduino MKR1000 FF & 4R .

HKUF: http://www.arduino.cc/en/Main/ArduinoMKR 1000

&l 1-8
Raspberry Pi

Raspberry Pi & Eben Upton AT T & FIEEAE FH R A/DMITHENL. BN 1 #E Bt
KRBV H L. 9 1 #4238 Raspberry Pi FIFTE SR, B] LA5 AL hitps://www.raspberrypi.
org/products/. I [H%] ! Raspberry Pi 3 Model B 1 Raspberry Pi Zero FJ 41

Raspberry Pi 3 Model B #& Raspberry Pi 158 =48, ZH KA E T —3 Quad-Core 64-
A CPU. Wi-Fi & F . 5:ZIH#E# ] Raspberry Pi 3 Model B /E A#IEL M fE R . B 1-9
Fir 7~ N Raspberry Pi 3 Model B H+ &%

Raspberry Pi Zero & —3/NATHEL, K¥EA Model A+H]—F K. BBT—HRHEZ%
CPU, BAHMEHRER, HEERM—NTEREERFNMA HDMI #0. Elajfﬂff%i‘;%
Bughsk, WMFEE—/NESMELR, 4 Ethemet USB 83 Wi-Fi USB ¥ Raspberry Pi Zero
EZEMZ . B 1-10 Frs A Raspberry Pi Zero H &R




B1E LB HAR S R e 11+

KJ5: https://thepihut.com/collections/raspberry-pi-zero/products/raspberry-pi-zero
Kl 1-10
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BeagleBone Black and Green

BeagleBone Black (BBB) Rev C &2 — /M1 AM335x ACFBIWIH RE, R T —-

— .
=

IZATIEE B KIAF] 1GHz i) ARM Cortex™-AS8 4b#2%. BBB Lt Raspberry Pi MEREHE & .
BBB J & AR B3 5 IAE T A AR A INAFH 1) A B 4GB 8-bit eMMC .

BBB (& FHEIERS (OS) , Wl Debian. Android Al Ubuntu. HZE T £ KT
BBB K15 &, 15 Vil https://beagleboard.org/black.
A 1-11 Bz~ N BeagleBone Black H AR .

mlceralih Cord — .

KR : http://www.exp-tech.de/beaglebone-black-rev-c-element14

A 1-11

SeeedStudio BeagleBone Green (BBG) s BeagleBoard.org fil Seeed Studio S 1EH &
[ k. BBG A M BBB MHFEIHIHE, R & HDMI #2114 Grove A EAL, Wtk—XK
BBG K&tk BBB B K. B]LLEE M AL hitp:/www.seeedstudio.com/depot/SeeedStudio-



B1E LB I H SR e « 13

BeagleBone-Green-p-2504.html 3 % 3 K % H A AR
& 1-12 fizsu BBG &

KR http://www.seeedstudio.com/depot/SeeedStudio-BeagleBone-Green-p-2504.html

Kl 1-12

LF ESP8266 MCU BY4EL M FF & R

ESP8266 & —HEERY, TCP/IP HMKAA ) Wi-Fi MCU. ‘& H Espressif Systems———
FE G ERESE. 7 LB R L http:/espressif.com/en/products/hardware/esp8266ex/
overview FREUEE 22 5¢ Tzt IS B

AIRZHT ESP8266 & KIJF &R . FHIFH 72T ESP8266 MCU 4 & K HF &R

Q NodeMCU: ZJF &KW fEH LA Lua {E 44218 5 H) NodeMCU [E4. B 77 MaEN
http://www.nodemcu.com/ .

Q SparkFun ESP8266 Thing: i SparkFun FF &, MiZAF & 4744, W FIDI Rk
BEFBEANZT R, HiZrEmEAET LiPo 7 4s. A LUEI AL https:/www.
sparkfun.com/products/13231 &£ 8E Z R T ERE R .

Q SparkFun ESP8266 Thing-Dev: iZH AR LM | FIDI-to-USB TH, {HEZ&
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A LiPo 7af4%. B H SparkFun JT&, 7= mfE B LAIEE ML https:/www.
sparkfun.com/products/13711 #E4T %13
Q  SparkFun Blynk board — ESP8266: i1 &t & & i B AR BE /RN 26 B o ] L
R4k https://www.sparkfun.com/products/13794 [ 133 215 B .
Q  Adafruit HUZZAH with ESP8266 Wi-Fi: Hi Adafruit 47, &5 8 AT LU M
fl: https://www.adafruit.com/products/2821 BEAT [ 13E .
WS XT ESP8266 it F B iR, FPGEIE ML hitp:/www.esp8266.com JII A\ ESP8266
Wiz,
A 1-13 firzn A NodeMCU v2 F KR

KIR: http://www.seeedstudio.com/depot/NodeMCU-v2-Lua-based-ESP8266-development-kit-p-2415.html

K 1-13

R NodeMCU v2 Fll SparkFun ESP8266 Thing FF &M A A E I F, B EATHIE
FRELAE . NodeMCU v2 {8 ESP8266 f51t, SparkFun ESP8266 Thing H &Mk 5 H
ESP8266EX it o A4, SparkFun ESP8266 Thing FF & AR 24t — AN 0T DL B 21| 4h 4% 6 vtk 1)
LiPo iE# .

& 1-14 Fias N—3R SparkFun ESP8266 Thing & #% .
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SparkFun ESP8266 Thing board. JJ#f: https://www.sparkfun.com/products/13231

K 1-14

T1 CC3200 MCU HY4EX X FF % #R

TI CC3200 & —HK H ML 23 13E T ARM® Cortex®-M4 ] Wi-Fi MCU., ZHF &
R — X TN B MR TT S 120 R R AR Wi-Fi HEER. £
Z2MJTH, TI CC3200 X#F WPA2 P AMk#4ie WPS 2.0. A L@ M 4k
http://www.ti.com/product/cc3200 | Wiz B .

St FHIECIT R, B AL 28 3R4E T SimpleLink Wi-Fi CC3200 LaunchPad 3l T. A&,
X — AT R ARKK TSR LA,
A 1-15 Frizan A—3 SimpleLink Wi-Fi CC3200 LaunchPad F & 4% .

TI CC3200 %% Readbear AT A (http://redbear.cc) , F Tt & RedBearLab CC3200
A1 RedBearLab Wi-Fi Micro &M . XEH KK EH M SimpleLink Wi-Fi CC3200
LaunchPad H & A AHE R TI68, {HEFEER 1 CC3200 ik LA . XEH AR AU R A
. SimpleLink Wi-Fi CC3200 LaunchPad Ff &K .

& 1-16 A7~ A—Ht RedBearLab CC3200 Ff & HR .
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KR https://www.conrad.de/de/entwicklungsboard-texas-instruments-cc3200-launchxl1-1273804.html

K 1-15

ERRENANY

:!r-*;". :|_.i.‘.i'ﬂ'._q':].”_l_”
|‘_€;.;- wiwww wle B340 1]

CC3200 voz

RPN
IR0 OlEl rEdd
I RENEETE 3R )
LETONRT I 00 304
" S8 TOAMCLA
-y DoAY M @00madliss MmN
]

00000 Om

KR : http://www.exp-tech.de/redbearlab-cc3200

Kl 1-16
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Bk W X G Rk FnFa 5 B

AR 2 STV U & W BRI AL JS Bl IXER o AR BB, Rl AT DL i B R i &
B\ A s W & MR AE Bk WS 24 o Mk, &M A Arduino (Arduino.cc) #
Raspberry Pi H &K -

Arduino 1% & RREF 2 Th

K#l4r Arduino B X fEFH Sketch, WE 1-17 fiim. X£&— 145 Arduino W FH )&
BoIEIE S . B C/CHARKEEE, SN ERREEERAIRRE.

® ] sketch_apr21a | Arduino 1.6.8

sketch_apr2la

void setup() {
// put your setup code here, to run once:

}

void loop() {
// put your main code here, to run repeatedly:

}

Arduino/Genuino Zero (Programming Port) on /dev/cu.usbmodem1412

A& 1-17

B &, ] A ML hitps://www.arduino.cc/en/Main/Software N ##H. 2 )5,
A] LU P Ak http://www.arduino.cc/en/Reference/HomePage [ 13258 22 9% T+ Arduino API |
55

R T AR, /O A%, %A 31 Sketch API:

Q digitalRead)M Arduino b ) H ¥ &1 N3 EHE .
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Q digital Write()[f] Arduino [ HE-F4F R 5 AEE .

O analogRead)M Arduino _EJFEFLE P L E3E

O  analogWrite()[n] Arduino ) E-T£F N5 AREIUELHE

AR 2 R WA AE Arduino FERIEFIAE T IO TAE, B —4tRN 2% . LDR
8 Photoresistor /&M 28 2 RBEVTHIVEEN X%, HZ Seeedstudio T2 W | — MR
eI E M 4 Grove — Light Sensor(P). A LAIEIE M HE http:/www.seeedstudio.com/
depot/Grove-Light-SensorP-p-1253.html [#3£ 8 25 82 . %EHA 4 MER, (H2 R geER
Arduino JF &R L) VCC A1 GND JIET 2% M) VCC Al GND fiisr. )5, SIG iFriE
23 Arduino AR LIRS . B 1-18 B8 T Grove — Light Sensor(P).

KI5 http://'www.seeedstudio.com/depot/Grove-Light-SensorP-p-1253.html
Kl 1-18

R 2= 7 BN H B IR A T

Q s,

Q  JERENMARBR, http://www.seeedstudio.com/depot/Grove-Light-SensorP-p-1253.html,

BLFER] LR 6 FIHE 7 AHiZE. #R)5, LDR ALERK) SIG fEERE] A0, LDR BB
VCC 1 GND JiisH# %82 3V3 FIl GND. #] LUE I B 1-19 & B BE A A5 L

A 2% /& i Fritzing SEILH) Chttp://fritzing.org) , &H T Windows. Linux 1 Mac. A]
CAFH — S5 f T B3 PR A BORSEILE C AT ER . Z T RERH JIRZ 7, WAl AR
INE SR AR EE MR BT 3. SRR ZeSE I an & 1-20 Fr.




1 E  EYEMIH ARG e

fritzing

K 1-19

K 1-20

e ]O »
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N R%E —4 Arduino F2F¥. FTJF Arduino B, RSN TFHIFEFF:

int dig output = 7;

int dig input = 6;
int analog input = AO;

int digital val = LOW;

void setup () {
Serial .begin (9600) ;

pinMode (dig output, OUTPUT);
pinMode (dig input, INPUT) ;

}

void loop () {

digitalWrite (dig output,digital wval);

int read digital = digitalRead(dig input);
Serial .print ("Digital write: ");
Serial.print(digital wval);

Serial.print (" read: ");

Serial.println(read digital);

int ldr = analogRead(analog input);
Serial.print ("Analog read: ");

Serial.println(1ldr);

1f (digital wval==LOW)
digital val = HIGH;
else
digital val = LOW;

delay (1000) ;
}

BAZFEF 171 N ArduinolO. 1] PLIE T Arduino B4R 1ZFE 73 & 2| Arduino &
R

HiX s HETSE ET, B PALA Arduino #A4FT FF Serial Monitor T. B, W& 1-21 Fras.

ZEFNBETFHE 7 B BFREE 6 KEBRTFHE (H8FEKE) . AJCLEDT
analogRead()7£ A0 ¥ B LDR #ER1EAN = EAE
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/dev/cu.usbmodem1411 (Arduino Leonardo)

Send

Digital write: @ read: @
Analog read: 102
Digital write: 1 read: 1
Analog read: 90
Digital write: © read: ©
Analog read: 90
Digital write: 1 read: 1
Analog read: 88
Digital write: @ read: @
Analog read: 83
Digital write: 1 read: 1
Analog read: 81
Digital write: @ read: @
Analog read: 85

Autoscroll Both NL& CR |3 9600 baud T

A 1-21

XT38 AN AR, R E A AN BN B B R AR R . X LA
F DHT22, Wl 1-22 fizr. RHTO3 (BAUAE DHT22) & — MEmAs A B4 B T
FIRE AR BE BN 28 o AT BAM SparkFun ZRTF1ZAEER, MIHESN https://www.sparkfun.com/
products/10167, &4 Adafruit, LA https://www.adafruit.com/products/393. tHA] PA7E
S B A 28 L T R o R B AR

DHT22 #8. KJE: https://www.adafruit.com/products/385
& 1-22
WRME T MEZ KT DHT22 HEIER, AILLEE M iE http:/cdn.sparkfun.com/

datasheets/Sensors/Weather/RHTO03.pdf [#13£ DHT22 Z#E FE .
PRAE % DHT22 B % Arduino. T TS T BT #4k:
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Q VDD (%t 1) £ Arduino E#ERES] VIV B4,
Q SIG (4} 2) 1E Arduino #i%ER:R BT 4f 8.
Q GND (%t 4) #E Arduino E#%EREF] GND.

A AER 1-23 HF B Z AR L.

& 1-23
AT LATE ] 1-24 & BATELSEI .

Kl 1-24
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AN TAE Ardvino LE{£f] DHT22, RJLLAH Adafruit J2fk[) DHT Sensor HR%UE
https://github.com/adafruit/DHT-sensor-library. 1] PAM Arduino ¥4 B 2236 1% BR B - 15 FF
S B Sketch | Include Library | Manage Libraries, =& 2| T #X G HE .

f£ Library Manager %% dht, 7] LLF #| Adafruit i) DHT Sensor pRE(ZE, WK 1-25
FI7R o 223 R B o

sketch_aprdla

@ @ Library Manager
Type All 84 Topic Al k2 dht
S — :

DHT sensor library by Adafruit
Arduino library for DHT11, DHT22, etc Temp & Humidity Sensors Arduino library for DHTL11, DHT22, etc Temp & Humidity Sensors

More info
Version 1.2.3 H Install

Simple DHT sensor library Winlin
Arduino Temp & Humidity Sensors for DHT11 etc. Simple pure C code with lots of comments, strictly follow the standard DHT protocol,

supports 0.5HZ or 1HZ sampling rate,
More Info

5|I'I'IIP|IDHT winhn
Arduino Temp & Humidity Sensors for DHT11 etc. Simple C++ code with lots of comments, strictly follow the standard DHT protocol,

supports 0.5HZ or 1HZ sampling rate.
More info

Close

& 1-25

YA, AT LLFURTE Arduino B EEFEF . T HI 2 DHT22 Bk i i
I B AN BT AR PP R AR «

#include "DHT.h"

//EM DHT22
#define DHTTYPE DHT22
//EX DHT22 FH) pin

#define DHTPIN 8
DHT dht (DHTPIN, DHTTYPE) ;

void setup () {
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Serial.begin (9600) ;
dht.begin() ;

}

void loop () {
delay (2000) ;

/ /BN FE B B KA 250ms

/ /T MEF AT BEFERT 5 % 25 (XR&—/ M EEFZRRNES)
float h = dht.readHumidity () ;

/ / VAT R BEEAR R B B2 CBRIAD

float t = dht.readTemperature();

/ /AR B A EAERURBCRNSZATR H (R — 0O

1if (isnan(h) || 1isnan(t)) {
Serial.println("Failed to read from DHT sensor!");

return;

}

/ /UK ERE B dE 2 (isFahreheit = false)

float hic = dht.computeHeatIndex(t, h, false);

Serial.print ("Humidity: ");
Serial.print (h);
Serial.print (" %\t");
Serial.print ("Temperature: ");
Serial.print (t);
Serial.print ("™ *C\t");

Serial .print ("Heat index: ");
Serial.print (hic);
Serial.println (" *C ");

}

RZFEF RAF N ArduinoDHT . BLAE AT LURFZAE 9 1% 9 H_EA% 2] Arduino FF AR .
ZJ&, FT7T Serial Monitor M5 iR FEAE EEHE, & 1-26 Fiw.

‘B TAER)?

7t setupOEREH, BT A dhtbegin()¥14a4 DHT k. N A RBEAVRE, 7]
PA# F dht.readTemperature()F1 dht.readHumidity(), t#7] PAf# A dht.computeHeatIndex() &
A EIFAE T




Raspberry Pi 1% & AN B 5

Raspberry Pi H &R /& 2
Pi RIS R & — AN AR 3. X B 25 ffi ] — 3 Raspberry Pi 3 7

BeE

{E4# FH Raspberry Pi F

PR, TREAES

F1E BT E RS R 25
@ ® /dev/cu.usbmodem1411 (Arduino Leonardo)
Send
Humidity: 39.50 % Temperature: 24.50 *C Heat index: 24.04 *C
Humidity: 39.50 % Temperature: 24.50 *C Heat index: 24.04 *C
Humidity: 39.60 % Temperature: 24.50 *C Heat index: 24.04 *C
Humidity: 39.60 % Temperature: 24.50 *C Heat index: 24.04 *C
Humidity: 39.50 % Temperature: 24.40 *C Heat index: 23.93 *C
Humidity: 39.40 % Temperature: 24.40 *C Heat index: 23.92 *C
Humidity: 39.30 % Temperature: 24.40 *C Heat index: 23.92 *C
Humidity: 39.30 % Temperature: 24.40 *C Heat index: 23.92 *C
Humidity: 39.70 % Temperature: 24.40 *C Heat index: 23.93 *C
Humidity: 39.70 % Temperature: 24.40 *C Heat index: 23.93 *C
Autoscroll Both NL & CR v 9600 baud %
&l 1-26

e TR S0 (K BAR 2 — . 7EA o, 8 Raspberry

AR

RAB K

PRI ERCE —MEERS (OS) o OS B

A] AFE microSD + EACE .. H#EFFH —I 8GB #Y) microSD . HIEZ A LA7E Raspberry Pi

AR _EAE R ) OS 344, T LA 3k hitps://www.raspberrypi.org/downloads/ &5 & ¥ 215 2.

AT, XBES{FEH Raspbian Chttps:/www.raspberrypi.org/downloads/raspbian/)

Y4 Raspberry Pi H
Pi fifb. #zfE

R IR AE 22 48 - Raspbian f2#& T Debian ) #1E 24t , 4 Raspberry

ML https://www.raspberrypi.org/documentation/installation/installing-images/

README.md b2 35453347 % %% . Raspbian {XAY 2 Raspberry Pi OS [ H i —Fh#g 4k
AGt. B LLEE ML hitps://www.raspberrypi.org/downloads/Z i H At Raspberry Pi OS.

&/ Raspberry Pi GPIO

n B IE 7EAE F 58T v As /) Raspbian (Jessie B4 2 J5 ) , wiringPi #£8 (http://wiringpi.
com) CE&NVRE T, A] LLEIL IR 5 2 7E Raspberry Pi Terminal _F55F wiringPi pit4s

$ gpio -v

A] LA E| wiringP1 FE Rt 2

Ko B 1-27 IR T8 i H ) — AN
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B REPDIR T H TR SEd%

. @ Documents — pi@raspberrypi: ~ — ssh pi@192.168.0.12 — 80x17

pi@raspberrypi:~ $ gpio -v

gpio version: 2.32

Copyright (c) 2012-2015 Gordon Henderson

This is free software with ABSOLUTELY NO WARRANTY.
For details type: gpio -warranty

Raspberry Pi Details:
Type: Pi 3, Revision: @2, Memory: 1024MB, Maker: Sony
* Device tree is enabled.
* This Raspberry Pi supports user-level GPIO access.
-> See the man-page for more details
-> jie. export WIRINGPI_GPIOMEM=1
pi@raspberrypi:~ $ §

A& 1-27

FA, AT FH a0 R d5 2 56 1iE Raspberry GPIO A &) :

$ gpio - readall

%22 7R Raspberry Pi AT &), ] LAREll Raspberry Pi #8527 T

Raspberry Pi 3 _EH)§ iG] /] 7E & 1-28 & F.

%1 Raspberry Pi GPIO F

- AR

. ® Documents — pi@raspberrypi: ~ — ssh pi@192.168.0.12 — 80x28

pi@raspberrypi:~ $ gpio readall

- $————= o o $———4——=P] FJ——————p————— o e e -
| BCM | wPi | Name | Mode | V | Physical | V | Mode | Name | wPi | BCM |
+———— $=———= $m—m—————e $————— s $m—m————— e $————= +
I I I 3.3v | |1 Y2 | | | Sv I | I
| 21| 8] SDA.1 | IN | 1| 3|4 | | | SV I | I
| 3| 9| sc.1 | IN|1] 5]|6 | | | ov | | I
| 4 | 7 | GPIO. 7 | IN | 1| 7 || 8 | 1| ALTS | TxD | 15 | 14 |
| | | ov | | | 9 ]] 10 | 1 | ALTS | RxD | 16 | 15 |
| 17 | @ | GPIO. 0 | IN | @ | 11 || 12 | @ | IN | GPIO. 1 | 1 | 18 |
| 27 | 2 | GPIO. 2 | IN | @ | 13 || 14 | | | v | | |
| 22 | 3 | GPIO. 3 | IN | @ | 15 || 16 | @ | IN | GPIO. 4 | 4 | 23 |
| | | 3.3v | | | 17 || 18 | @ | IN | GPIO. 5 | 5 | 24 |
| 10 | 12 | MOSI | IN | @ | 19 || 20 | | | v | | |
| 9 | 13 | MISO | IN | @ | 21 || 22 | @ | IN | GPIO. 6 | 6 | 25 |
| 11 | 14 | SCLK | IN | @ | 23 || 24 | 1 | IN | CE® | 1@ | 8 |
| | | v | | | 25 || 26 | 1 | IN | CE1 | 11 | 7 |
| @ | 30 | SDA.@ | IN | 1|27 || 28 | 1 | IN | SCL.@ | 31 | 1 |
| 5| 21 | GPIO.21 | IN | 1| 29 || 30 | | | @v | | |
| 6 | 22 | GPIO.22 | IN | 1| 31 || 32 | @ | IN | GPIO.26 | 26 | 12 |
| 13 | 23 | GPIO.23 | IN | @ | 33 || 34 | | | @v | | |
| 19 | 24 | GPID.24 | IN | @ | 35 || 36 | @ | IN | GPIOD.27 | 27 | 16 |
| 26 | 25 | GPIO.25 | IN | @ | 37 || 38 | @ | IN | GPIO.28 | 28 | 20 |
| | | ov | | | 39 || 40 | @ | IN | GPI0.29 | 29 | 21 |
+—— +——— - - b —— b ————————————— +———— +——— $————- +
| BCM | wPi | Name | Mode | V | Physical | V | Mode | Name | wP1 | BCM |
o ——p—————p 4 ——-P] F———t———————— ¢

pi@raspberrypi:~ $

& 1-28

R, BPTH) Raspbian 2 E148 4 Python %% | RPi.GPIO B
B, 1] M https:/pypi.python.org/pypi/RPi.GPIO &%, FrCAn]LEEMEHE -
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N T MK Raspberry Pi GPIO, 74 LED %% GPIO11 (BCM 17) k. WLATE
&l 1-29 & B L4 .

Raspberry Pi 3 Model B v1.2
Raspberry Pi 2015

>
§ -
-
1-3
L1
=
=]
. L1
Fa

ETHERNET

& 1-29

BAERT U H CH % BE %S —1 Python #2f7. 185 T MER:

import RPi1i.GPIO as GPIO
import time

led pin = 17
GPIO.setmode (GPIO.BCM)
GPIO.setup(led pin, GPIO.OUT)

Cry:
while 1:
print ("turn on led")
GPIO.output (led pin, GPIO.HIGH)
time.sleep(2)
print ("turn off led")

GPIO.output (led pin, GPIO.LOW)
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time.sleep(2)

except KeyboardInterrupt:
GPIO.output (led pin, GPIO.LOW)
GPIO.cleanup ()

print ("done")

7‘&ﬁ£%ﬁi¢ﬁﬁ%ﬁﬁ*‘££ﬁ@%%:

Q @it GPIO.setmode (GPIO.BCM) K% B GPIO 2£%!, ¥1# F GPIO.BCM # .
£ GPIO BCM #, MiZA] PAA GPIO fi G & 2| BCM %1)_E ) GPIO /& .

Q =X GPIO 1B A%, GPIO @it A GPIO.setup()SR A A# A

Q RN REHETHEL, "TLLEA GPIO.output(). GPIO.HIGH 72 IR AIE 1 FH T
Wit . BN, GPIO.LOW ## H KA 1% 0 B FHi .

K AR P PRAF-FF i 44 4 chO1 led.py .

AL ] LLIE L 7E Raspberry Pi Terminal B3 A T 252 Kz TR 7

$ sudo python ch0l led.py

HTAR A, H sudo SRATIZFERF . N 1 Vilal Raspberry Pi 1 1/O, FT{FEAME
H AR

¥ =& B —/NRER LED 3 BN FAE R — MR EME . =7t —ANR[E
ERERE 1-30 FEF.

. ® Documents — pi@raspberrypi: ~/Documents/book — ssh pi@192.168.0.12 — 8...

pi@raspberrypi:~ $ cd Documents/book/
pi@raspberrypi:~/Documents/book $ python ch@l_led.py
turn on led

turn off led

turn on led

turn off led

turn on led

turn off led
turn on led
turn off led
turn on led
turn off led
turn on led

& 1-30
18 T 5 B & Sk B A
KT TRZE W M Raspberry Pi REAN . X BAFH DHT22 M'E B Ab )35 R EE
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5 RE FE RN

N 1 Ge A Python 7 17] DHT22, 1% Adafruit Python DHT Sensor PRZ(ZE . 1] LAJE IS
f 3k https://github.com/adafruit/Adafruit Python DHT 3 % iZ A5 H

T B — LA T ) pR £ 7E LAE R Adafruit Python DHT Sensor BRi%(fE . 7E Raspberry Pi
Terminal %y A T %1 a54

$ sudo apt-get update
$ sudo apt-get install build-essential python-dev

A B AT PAF #0322 2% Adafruit Python DHT Sensor BREE T -

$ git clone https://github.com/adafruit/Adafruit Python DHT
$ cd Adafruit Python DHT/

$ sudo python setup.py install

SERUE, FIEATIR RS AT 4. K DHT22 BiER 2 T8 0

Q DHT22pin1 (VDD) #7i%#%%| Raspberry Pi _E /] 3.3V pin,

Q DHT22pin2 (SIG) #i%$# 5] Raspberry Pi _E ] GPI023 (J, BCM %1|) pin.
Q DHT22pin4 (GND) #i%#:%| Raspberry Pi _E ] GND pin.
SERMAL A 1-31 Fx.

Raspberry Pi 3 Model B v1.2
Raspberry Pi 2015

=
-
=
[= 8

[ 5]
=
=
1]
(%]
£

ETHERNET

fritzing

A& 1-31
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T3S —A Python 2. AT LLE i FALAD:

import Adafruit DHT

import time
sensor = Adafruit DHT.DHT22

# DHT22 pin on Raspberry Pi
pin = 23

try:
while 1:
print ("reading DHT22...")

humidity, temperature = Adafruilt DHT.read retry(sensor, pin)

if humidity is not None and temperature is not None:
print ('Temp={0:0.1f}*C
Humidity={1:0.1f}%'.format (temperature, humidity))

time.sleep(2)

except KeyboardInterrupt:

print ("exit")

print ("done")

VZ IR PRAE N ch01 dht22.py. 28)5, A] LATE Raspberry Pi Terminal _Fiz1T. i5%#IA
N e

sudo python chOl_ dht22.py

$

IZAE ) — M AR A QA 1-32 fos

v Wi TAER)?

B 5%, B A Adafruit DHT.DHT22 Xf 5K B DHT BEREA, % B W~ DHT22 pin
7B 2l Raspberry Pi FF &R b fTEARRHBIF, 28H GPIO23 (BCM).

N T ARG AR FEARS I HE . A Adafruit DHT .read retry(sensor, pin). A J #ffifx
IR [E{E A& NULL, 1M conditional-if SRIGUEEAT.
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. @ Documents — pi@raspberrypi: ~/Documents/book — ssh pi@192.168.0.12 — 8...

pi@raspberrypi:~/Documents/book $ sudo python ch@l_dht22.py
reading DHT22...

Temp=30.2%C Humidity=77.6%

reading DHTZ22...

Temp=30.2%C Humidity=76.0%

reading DHTZ22...

Temp=30.1%C Humidity=76.0%

reading DHTZ22...

Temp=30.1%C Humidity=76.0%

reading DHT22...

Temp=30.2%C Humidity=76.1%

reading DHT22...

~Cexit

done
pi@raspberrypi:~/Documents/book $ I

Ay By 8 3 — AN ARIR R AR B

N T ERERIPERE, ATUVEE— MR RREER S . EARFH, fFH— PID (it
%1 (proportional) -F14; (integral) -F&{ (derivative) ) #EHlgs. ¥R E —MFERIRE,
PID % ffill #% K < 18 i ] 2 B AR AR R Z . PID 2§l 2827 A Python JF &, 7E
Raspberry Pi board H &k _Fi24T .

BV E AR RN A 4k B A8 HIER: . v LB R4k 38 B R IEX HIGH 55K
T BE A B A HILES

ik FRATF 6 2 e !

PID #2518 43

PID =il fE TlbaET#E) 28 H & i §l 5%, 7 H e 2 Iz g
32, PID =238 2 Ja WA B R AR, AEEE R EE] (proportional) | 4
73 Cintegral) AIF%{ (derivative) R[H[FIF HXFTBEATRARIHFEHER TR, HitH
) 3 N ERE

— B PID 2148 BB iR a0 B 1-33 B

PID =128 A XAl #& T 77 g X

u(t) = K e(t)+ Kl_j'fe(r)d’r + K,

de(t)
dt

KKK, REH] . R MFEW R XESHHRENEE. BE o ARIBEIR
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=, BB RERIIHERMANE i LR E{E y ZFREE. ZIREET e M KIER
PID +i|2%

P Kye(t)
T
j i
T Output
setpoint e ¢
> Z __._...l K"J e(1)dt Plant/Process >
WIE = 0 :
- A
de(t)
-
D K[f dt

& 1-33

Fi Python S PID #5128

AT FE T — Python NI RSZH PID #5188 . KMk, FEFRAZLE 1-34 Bz,

[ W ]

l

[ = #lltotal sampling ]-

1

E#HPIDE S F|PIDH H

|
B HEPIDE

¥
[ 15 PID/B M FIPIDH: R I 31 512 ]

Y

[ £ B+ & H PID /& B FIPID % H ]

K 1-34
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AMizse e NI iaiEE—1 PID REE. A LARMH#IE PID &Hld AN
Python A%, XFFACASSZIR, &f#H https:/github.com/ivmech/ivPID H ] PID 28,
e %N

PID.py S 44:

import time

class PID:
"U"YPTD Controller

def 1init (self, P=0.2, I=0.0, D=0.0):

self.Kp = P
self.Ki =
self.Kd = D

=

self.sample time = 0.00
self.current time = time.time ()

self.last time = self.current time
self.clear ()

def clear(self) :
IR n%}i PID -‘H—%*ﬂ%ﬁ" nn

self.SetPoint = 0.0

self.PTerm = 0.0
self.ITerm = 0.0
self.DTerm = 0.0
self.last error = 0.0

# Windup Guard
self.int error = 0.0

self.windup guard = 20.0
self.output = 0.0

def update (self, feedback value):
wn Sheh E 15 R BEE pID
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. B

u(t) = Kp e(t) + K i \int {0}*{t} e(t)dt + K d {de}/{dt}

.. B/ :: images/pid 1.png

:align: center

Fl Kp=1.2, Ki=1, Kd=0.001 (test pid.py) ik pid

error = self.SetPoint - feedback wvalue
self.current time = time.time ()

delta time = self.current time - self.last time
delta_error = error - self.last_error

1f (delta time >= self.sample time):
self.PTerm = self.Kp * error

self.ITerm += error * delta time

1f (self.ITerm < -self.windup guard) :
self.ITerm = -self.windup guard
elif (self.ITerm > self.windup guard):

self.ITerm = self.windup guard

self.DTerm = 0.0
1f delta time > O:

self.DTerm = delta_error / delta_time

# ifE E— ke AR ER T T IRHE
self.last time = self.current time

self.last error = error

self.output = self.PTerm + (self.Ki * self.ITerm) + (self.Kd
* self.DTerm)

def setKp(self, proportional gain) :
"vrifid W E Proportional Gain RRJE PID Mi%Z UMY AT IR ZEMH

}iﬁ TRIRL

self .Kp = proportional gailn
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def setKi(self, 1integral gain):

3B B E Integral Gain FHE PID Bk WL 4 A 152 it R Bim o

self.Ki = integral gain

def setKd(self, derivative gain):

"I IY B Derivative Gain BRE PID Mz EOHH KRR e

self.Kd = derivative gailn

def setWindup(self, windup) :
"""Tntegral windup, H#MIE integrator windup B{# reset windup,
& pID RGIHHI—FIEE, EXHERS,
AL R E— AR R E (BRI — N IERZRL)
HHR IR A— D KERE
£ rise (windup) 3AEH, PGS Hi T 4k 4k
RIGHN, 2i% RBRE HoR 245
(FE 53— J7 T8 L HIAME 0
ZArERE PRI BT

self.windup guard = windup

def setSampleTime (self, sample time):

" N i A € [A] BB g SE BT HY PID.
FETE XKIFEARE], PID REERBMIZTHHFEFE LRIIRE .

self.sample time = sample time

BT E K, S RBEERFH TR, 2R REZESR NumPy. SciPy.
Pandas. Patsy, &4 matplotlib E’lﬁ[ﬂ?—% H4E, MNiz% 3 python-dev H T Python JF % .
7E Raspberry Pi Terminal # %1 A\ T 514y

$ sudo apt-get update
$ sudo apt-get install python-dev

M2 J5, T LAZ 3% NumPy. SciPy. Pandas & Patsy BRE(FE . ¥ Raspberry Pi
Terminal 7+ H4 A\ Fd5 4

$ sudo apt-get install python-scipy
$ pip install numpy scipy pandas patsy

% Ja — U i e M URAS 22 2% matplotlib pAE(E . 7F Raspberry Pi Terminal H%i A %
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$ git clone https://github.com/matplotlib/matplotlib
$ cd matplotlib

$ python setup.py build

$ sudo python setup.py install

— B ST R  BR U %2 %% Jm, W LR PID.py SCfF. BN TR ARE

import matplotlib
matplotlib.use ("Agg"')

import PID

import time

import matplotlib.pyplot as plt
import numpy as np

from scipy.interpolate import spline

P =1.4

I =1

D = 0.001

pid = PID.PID(P, I, D)

pid.SetPoint = 0.0
pid.setSampleTime (0.01)

total sampling = 100
feedback = 0

feedback list = []

time list = []

setpoint list = []
print ("simulating....")

for 1 1n range(l, total sampling):
pid.update (feedback)
output = pid.output
if pid.SetPoint > O0O:
feedback += (output - (1 / 1i))

if 20 < 1 < 60:
pid.SetPoint = 1
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if 60 <= i < 80:
pid.SetPoint = 0.5

if 1 >= 80:
pid.SetPoint = 1.3

time.sleep(0.02)

feedback_list.append{feedback)
setpoint list.append(pid.SetPoint)
time list.append(1)

time sm = np.array(time list)
time smooth = np.linspace(time sm.min(), time sm.max (), 300)
feedback smooth = spline(time list, feedback list, time smooth)

figl = plt.gcf ()
figl.subplots adjust (bottom=0.15)

plt.plot{time_smooth, feedback smooth, color='red')

plt.plot (time list, setpoilint 1list, color='blue')

plt.x1lim((0, total sampling))

plt.ylim((min(feedback list) - 0.5, max(feedback list) + 0.5))
plt.xlabel ('time (s)')

plt.ylabel ("PID (PV) ")

plt.title ('TEST PID')

plt.grid(True)
print ("saving...")

figl.savefig('result.png', dpi=100)

K ZFE RN test pid.py, RIGIBITIZER

$ python test pid.py

ZIEF AN resultpng EN PID MR . WE 1-35 Froash—A 5 A4
result.png, A LLEBREBELARIHELH, EEL% 2 PID 4R
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TEST PID
2.0
\
15} - {| -
{ Jnum
g ) _
E. 10b ... . B JUU* ﬂ - N |
o :
=
05k .. . - ﬂ%f Al
| “
0.0 ,qm._
-0.5 | | | |
0 20 40 60 80 100
time (s)
& 1-35
‘B e W r] A R ?
B, T E0E X H BRI PID 224
P =1.4
I =1
= 0.001
pid = PID.PID(P, I, D)
pid.SetPoint = 0.0
pid.setSampleTime (0.01)

total sampling 100

feedback 0

feedback list
time list [ ]
setpoint list

[]

[]
X Ja, ERREZ B THE PID BEUE. 7E7

Q XA 20 ] 60 FIEUEE, HAEE#EH 1,

SR, s5an T T e L 9 e E
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Q  XFFM 60 3| 80 AUEUEE, HAEEZH 0.5,
Q G 80 BIENAE, MM 1.3,

for 1 in range(l, total sampling):
pid.update (feedback)
output = pid.output
if pid.SetPoint > O0:
feedback += (output - (1 / 1i))

if 20 < i < 60:
pid.SetPoint = 1

if 60 <= i < 80:
pid.SetPoint = 0.5

if 1 >= 80:
pid.SetPoint = 1.3

time.sleep(0.02)

feedback list.append(feedback)

setpoint list.append(pid.SetPoint)
time list.append (1)

& Ja — P rE M — s BRI, Rz dr 44 4 resultpng.

time sm = np.array(time list)
time smooth = np.linspace(time sm.min(), time sm.max (), 300)
feedback smooth = spline(time list, feedback list, time smooth)

figl = plt.gcf ()
figl.subplots adjust (bottom=0.15)

plt.plot (time smooth, feedback smooth, color='red')

plt.plot (time list, setpoint 1list, color='blue')

plt.xlim((0, total sampling))

plt.ylim((min(feedback list) - 0.5, max(feedback list) + 0.5))
plt.xlabel ('time (s) ')

plt.ylabel ("PID (PV) ")

plt.title ('TEST PID'")
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plt.grid(True)
print ("saving...")

figl.savefig('result.png', dpi=100)

£ PID i£#lz51TH B 8)im.

HAE AT DASE A DR B N A SR 2038 PID %50l 48« % A DHT22 Kia & —A4 55 B R E -
e N ) A A 4 FH SR A 8 — 45 PID 2 il 88 1) R B A

mEiZ PID #i IEEH, AR mHEE. BN, EEHAEE. XAJgEA K
AR, HX2MRFRH R A, wTRAEH B 3 PID 2§ 2% 2t TAE A 200 .

& DHT22 %in#| GPI023 (BCM) E. 5 _Ein FEFAE:

i

import matplotlib
matplotlib.use ("Agg')

import PID

import Adafruit DHT

import time

import matplotlib.pyplot as plt
import numpy as np

from scipy.interpolate import spline

sensor = Adafruit DHT.DHT22

# DHT22 pin on Raspberry Pi
pin = 23

|—|
[
o =

.001
PID.PID(P, I, D)

.
|_|-
Q.

I

pid.SetPoint = 0.0
pid.setSampleTime (0.25) # a second

total sampling = 100
sampling 1 = 0

measurement = 0
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feedback = 0

feedback list = []
time list = []
setpoint list = []

print ('PID controller is running..')
Cry:
while 1:
pid.update (feedback)
output = pid.output

humidity, temperature = Adafruit DHT.read retry(sensor, pin)
if humidity is not None and temperature is not None:
if pid.SetPoint > O:
feedback += temperature + output

print ('i={0} desired.temp={1:0.1f}*C temp={2:0.1f}*C pid.out=
{3:0.1f} feedback={4:0.1f}"
.format (sampling 1, pid.SetPoint, temperature, output,
feedback))
1f output > O:
print ('turn on heater')
elif output < O0:

print ('turn on cooler')

1f 20 < sampling 1 < 60:
pid.SetPoint = 28 # celsius

if 60 <= sampling 1 < 80:
pid.SetPoint = 25 # celsius

1f sampling 1 >= 80:
pid.SetPoint = 20 # celsius

time.sleep (0.5)
sampling 1 += 1

feedback list.append (feedback)
setpoint list.append (pid.SetPoint)
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time list.append(sampling 1)

if sampling 1 >= total sampling:

break

except KeyboardInterrupt:

print ("exit")

print ("pid controller done.")

print ("generating a report...")

time sm = np.array(time list)

time smooth = np.linspace(time sm.min(), time sm.max (), 300)
feedback smooth = spline(time list, feedback list, time smooth)

figl = plt.gcf ()
figl.subplots adjust (bottom=0.15, left=0.1)

plt.plot (time smooth, feedback smooth, color='red')
plt.plot(time list, setpoint list, color='blue')

plt.xlim((0, total sampling))

plt.ylim((min(feedback list) - 0.5, max(feedback list) + 0.5))
plt.xlabel ('time (s)"')

plt.ylabel ("PID (PV) ")

plt.title ('Temperature PID Controller')

plt.grid(True)
figl.savefig('pid temperature.png', dpi=100)
print ("finish")

BZIEFRAE N FH Han 44 N ch01 pid.py. BFER] LLEIT1ZEF:

$ sudo python chO0l _pid.py

PATZREF 2 )5, NMiza] DIIR1S — 1 4 A pid temperature.png ) 4. ZEF K —1
i AR AT AFEE] 1-36 HF F.

WRAKIUEFFERE, BEAITHFHARE AT G AR E, ARG MR 1-37
AN R Tl o
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, - Temperature PID Controller
80 - III
60 - _
3 |
1}
B 9 -
) 40 | ] .\/"\/ﬁ—/\ﬂ
k hﬂ.ﬂ.&m\
20 . ﬂ ul"uvv v -
0+ T T 1 1 L
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K 1-36
, - Temperature PID Controller
80 - H !
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s |
o
- A
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\ v
\a—
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0 Tj , . T
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& 1-37
B e TAEAE R ?

KBORUL, ZEFEE TN ESE.: @ik DHT22 524 5 BB HdE A1 2l —A4™ PID
e, EMERIEZ G, BiZEKIED PID 54| 2EF. PID M HE S K — M
EATH o TEARRFERF, SFTH ARG FHEE .
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~
A e

AR T —SERPGTHFRIR, FEIRR T SRS E MBI R A R
Python B, [RIESE 1 # 1 LA M deee P & A AN s 5 04T .

N &JE— AR, BE L PID fZEHlEE RN —4 27 SIRRBIR 2 > a0 ks 12 1 4%
KRGEME| NN TR L. E83 FRNETH, R W e TR
—MRIK RS

71 A

FHEEZ—PMHEFEZ PR, NTAEEF T ULFEAREZHRTAEARTR TG,
1. Richard D. De Veaux, Paul F. Velleman, and David E. Bock, Stats Data and Models,
4th Edition, 2015, Pearson Publishing.

2. Sheldon M. Ross, Introductory Statistics, 3rd Edition, Academic Press, 2010.
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MRF RS

ERFRED, PRZ AWK, KHERBAITE R IHKTHE decision maker (DM)
i BIRE d FrdA e . 0 AR I e 45 R P d B i 25 18] 58k B R FIPRES o,
0wEB,

HETRKBRGH DB I A B & . 8 7 EA, R A DS R 3 A
— ARSI B JE RS . BRAEA TSR] X A A ge Y SRR H s B E, Mz
B R] DLAE ST E BN EIEE xo S TIEE 0€0 Ml xEX, KRB P(o)fid | x 2#
b7 I MR A S [ P A I AT BEYE . P(x|w), SBBSorAf, A& HSEEAREFE, F HAR®E 7 —1
X1 x BIBIRER R . P(olx), B8N, RiE T LW T HFEEx 2 )G, o SR
K H 57 3% R4 25 18] B AT g .

Ja 56 A I an T D1 e BEOR IR S

P(x|w)P(w)

P(o|x)= o
X

XK 2 1 [8] — A a7 35 IR A4 PO MR 3R

BERUIERE — T RK ARG BE Mo, )EN—NRERE, E25IFRENSENMTE)
d TRHIRA LD RRE Do) RERMBEET 0 FAHATE) d i FEHIHK.
5% W3 28 B 2R A RS LR

R(d|x) =3 A(d,|@ )P (o |x)

RR R d(x) e NI BT BN A BRSS BRE . — SR SRR B S XS AT AR FE U R
HRBEAT T 5

E,  [R(d(x)]|x)]= P(x)R(d(x)]|x)

R R B T Re /MU SRR R AR« TRER & DO T BT 3 #R ik #E /& /DA
55 4 JER T R AR H

KRR BERAERE. N RGIEZ T IHEERIER, TR —4K
T DU AR Y [ AR5

) T R R B G AR A 1T 4

% e AR BT AR E M — R B, R RKREER 30°C, APHET
R E. B, WREFEEEEN 18T, BEITIHHARKE.
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IERABEZE X T TR 3T X S48 B R BUE, Frela]l DU X R R . anR
BRPERERS L, BT HHRRE. 7h, S5 EHRE KRR, B8 5T ] 35
RKE

RMBGER T NSRRI RN ARG FATM ZE AT A 2w MR HIbntE. AKAT LA
B o e Mk, (BB a1kt EHA A LES ZnE e ?

XA 1A @R A A AR E R AR R . BRI 4R ) AR S 7E 20 THZE 60 FARHINM K
FA A 73 B Dr. Lotfi Zadeh Frigth . AORBIEEIERE X TEMES AR R KR

JI & <, ZETRREAFHIEMEZEWE 2-1 frox.

[ T ]

o )

i 2-1

RSP IRIERE — MR RS

(1) & XARARH) o) A ML )R E . 2P BRRMBUI RN —#r. XERE
ESESRLS CI

(2) HEBFIESEE (HWEHAMHD HERES.

(3) PATERMLIERE, 2RSSR BN K EUE R S H A i AR TE S R &

(4) FESLADRAHEE R CAE T 7E 45 5 fag N AN tH 2 (B3RS RR ST . W] LAfE A if-then
773

(5) ERG TEM G, 1T EZEMCAEERIRG — A AT EUE.

MEAEFRSH , ATRMBH R EF — T iR — 1 S5 R 7 i el {3 FH AR
BIZ ARG R IR RS
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P& R R FBPTE 69 Python Fh3E

ATTRARE — L Python REVERIERRRAS, HELVHAHTLERKRGN N
I A R AR 12 AR B

DR R 2

A LAA Python SKRSEI DU iR . FEATT HTE AN, APIAIRALAS & g A x; 2B il
HAE . Far AR A 3220 R U5 7€ X

}::{I+)811‘1—|—ﬁ21’2+{?ﬂ'

c e~ MNEEE. Ko 5, 6, Mo HEXHNO0S5, 1. 2.5F0.5.
XL ST AR EARYE NumPy eREE FHIFEALN RTAERM. X5, HREZERITH

L EiLE
AT LME T 51 AR SR S B i F 491«

import matplotlib
matplotlib.use ('Agg"')

import numpy as np
import matplotlib.pyplot as plt

¥ Hstt
np.random.seed (100)

alpha, sigma = 0.5, 0.5
beta = [1, 2.5]

size = 100

¢ T A
X1 = np.random.randn (size)

X2 = np.random.randn(size) * 0.37

R

Y = alpha + beta[0]*X1 + beta[l]*X2 + np.random.randn(size) *sigma

fig, ax = plt.subplots(l, 2, sharex=True, figsize= (10, 4))

fig.subplots adjust (bottom=0.15, left=0.1)
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ax[0] .scatter (X1, Y)
ax[1l].scatter (X2, Y)
ax[0] .set ylabel ('Y'")
ax[0] .set xlabel ('X1")
ax[1l].set xlabel ('X2")

plt.grid(True)
fig.savefig('predict.png', dpi=100)

print ("finish")

A LURS IX B8 VA ORAF N — N U R Hedin 44 4 ch02_predict.py.
%, AILLEERA T BITZIERF

$ python ch02 predict.py

ZAEF R TR PNG 3% predict.png, WIE| 2-2 Frors.

8 8
(3] . 6 .
4 ® o 4
> 2 I X ) 2
L K % *
e o o‘-
®e, I ANIRY
0F o S 04 2] 0
o .. ;--:".I.. e
-2 o -2
°
_4 _4 | ] 1 ] ]
-3 -2 -1 0 1 2 3 -3 —2 -1 0 1 2 3
X1 X2
K 2-2

XMFEFIRE E, i NumPy A RRMSZRIAEE . BrCL, TP A matplotlib BR %]
FEE iz R

PUAE 2455 H Python BREUERFERE — AN DU AR AL . Python B — A DU A
THHRPREED 2 PyMC, ERMENHTGITEHEBEMUEEE, Bl SRAIRERFR
BHIEL. PyMC 22— JTHERREE, 7] LUEE PHE hitps:/github.com/pyme-devs/pyme
KEEM T E.
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N T %% PyMC sREUE, PLMEHR] easy install 8L pip. MR AEZEAF A easy install
%4 PyMC, AL A T4

$ easy install pymc

HPARaGEZ2EEngAIBE (sudo) KiEL easy install Z3% PyMC. FHobh—
Fhik P2 8T pip K223 PyMC:

$ pip install 1 pymc

N TR PyMC, f£HKE PyMC RIZRBIACHS . SEB M-t BB — Dl 2 e &
—MER, ERXMERT, HESSMIERLER A ZE:

a
e

0(x) = =

(1+e )
BAE, ATLMER PyMC SRSEIZAHE . 755 AT A

import pymc

import numpy as np

# — LR
n = 5 * np.ones (4, dtype=int)
X = np.array([-.86, -.3, —-.05, .73])

# XTARESE LKA
alpha = pymc.Normal ('alpha', mu=0, tau=.01)
beta = pymc.Normal ("beta', mu=0, tau=.01)

# AEERE SR
@pymc.deterministic
def theta (a=alpha, b=beta):
"""theta = logit”{-1} (atb)"""
return pymc.invlogit(a + b * x)
# HE B — I A7 AT RETE
d = pymc.Binomial ('d', n=n, p=theta, value=np.array([0., 1., 3., 5.1),

observed=True)

Rz R R AT 9 U H A 44 9 mymodel.py o
BT A AL I o — PP A T iRk, AR T AR RO S R B R BE S R R
(MCMO) J5¥%. R Mz 524 3k 18 5 56 57 A1 KUE -
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Gl — NN, Bz 44 A ch02 pyme.py 7 H 5 H U0 T A

import matplotlib
matplotlib.use ("Agg')

import pymc

import mymodel

S:
S.sample (1ter=10000,

pymc .MCMC (mymodel, db='pickle')
burn=5000, thin=2)

pymc.Matplot.plot (S)
print ("finish")

A PLiA % A 40 52 7E Raspberry Pi Terminal iz

$ python ch02 pymc.py

MR ZREF2T BRI, AIUAERE 2-3 Bras 8% H E T .

. e, Documents — pi@raspberrypi: ~/Documents/boock — ssh pi@192.168.0.12 — 8...
pi@raspberrypi:~/Documents/book $ python -W ignore ch@2_pymc.py

EATZIEFF:

[-—- 10% ] 1077 of 10000 complete in 0.5 sec
[-————— 21% ] 2155 of 10000 complete in 1.0 sec
[-——————— 32% ] 3232 of 10000 complete in 1.5 sec
[-—————————————— 43% ] 4309 of 10000 complete in 2.8 sec
[~ 53% ] 5330 of 10000 complete in 2.5 sec
[ 62%——— ] 6252 of 10000 complete in 3.0 sec
R —— 71%——————- ] 7172 of 10000 complete in 3.5 sec
[-————————————— BO%————————— ] 8092 of 10000 complete in 4.0 sec
[-————————— 90%—————————————= ] 9012 of 10000 complete in 4.5 sec
[-——————————— 99%—————————————— ] 9932 of 10000 complete in 5.0 sec
[-——————— 100%——————————————— ] 10000 of 10000 complete in 5.0 sec
Plotting theta_#@

Plotting theta_1l

Plotting theta_2

Plotting theta_3

Plotting beta

Plotting alpha

finish

pi@raspberrypi:~/Documents/book $ E

K 2-3

ZAEF RN &AL 3 N3, Bl alpha.png. beta.png fll theta-3.png. alpha.png A
HI— B AN 2-4 Fras.

A] PA7E alpha.png H & 2| alpha {5, XL ELRMNIESSTAPIBENZE. A5,
beta {5t & HIEA AT . A LATEE] 2-5 Fi7s i) beta.png & £ beta HIEUE-
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AR, ATLER 2-6 TEF[ZE R

1 1 1 1

1 1 1 1 1 1

theta 0 tracI |

I theta 0 acorr

:

g

theta 0 hist

Frequency

TR gy WYl PP WYY %

PN TINTRCR R R TT TN I TT R R T e

=
<
I ! L " T T g 200 =
[=p
&£
Ihlt"heta_z acorr
0 4 . AN i = -
_ | T T T T .
( 0 X N ¢ f
theta_3 trace o T
(=] .
T =T T T T T o thEta_3 hist
ﬂ?.;. 1000
Ltheta_a acorr =
(0 —llaa . T T T o l . ] l
0 20 40 60 80 100 a2 a4 as gn

K 2-6
R e
Python PR+ — MR & L HIBMIEHEER scikit-fuzzy, OF JLMEHIZHEFIL
BT ZRBE LI . T scikit-fuzzy & — IR R EZE, 7 LA 3k hitps://github.
com/scikit-fuzzy/scikit-fuzzy & & 1% PR A E FIPRACES .
FERFRRBEZ AT, HHREAE LS T NumPy M SciPy R#E. 7] LLE pip K
Z4% scikit-fuzzy. HHIA FAla4:

$ sudo pip install scikit-fuzzy

BN —FhiE#E, AT BONEAUIE R 23 scikit-fuzzy . iEHIA T Aa5<:

$ git clone https://github.com/scikit-fuzzy/scikit-fuzzy

$ cd scikit-fuzzy/
$ sudo python setup.py install
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TEREREZ G, BUA] LM scikit-fuzzy T .
AT IREREE scikit-fuzzy SEILTAE, BAFH fuzz.trimfOBRECR MR E R 5=
— MR AL R (membership) . A LLE H 0 BIAS .

import matplotlib
matplotlib.use ("Agg')

import numpy as np
import skfuzzy as fuzz

import matplotlib.pyplot as plt

¥ A universe THE
X temp = np.arange (0, 11, 1)

# AR membership BREL
temp lo = fuzz.trimf(x_temp, [0, O, 51])

temp md = fuzz.trimf(x temp, [0, 5, 10])
temp hi = fuzz.trimf(x temp, [5, 10, 10])

4 B[4 universes fl membership R T
fig, ax = plt.subplots /()

ax.plot(x temp, temp lo, 'b--', linewidth=1.5, label='Cold')
ax.plot(x temp, temp md, 'g-', linewidth=1.5, label='Warm')
ax.plot(x temp, temp hi, 'r:', linewidth=1.5, label='Hot'")
ax.set_title{'Temperature'}

ax.legend ()

ax.splnes['top'].set visible (False)
ax.splnes['right'].set visible (False)
ax.get xaxis () .tick bottom()

ax.get vyaxis () .tick left()

ax.set ylabel ('Fuzzy membership')

plt.tight layout ()

print ('saving..."')

plt.grid(True)
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fig.savefig('fuzzy membership.png', dpi=100)

print ('done')

Wi e A AR A7 K9 SO 3 A 4 9 ch02_skfuzzy py.
FUAE AT LUES SN T 4 SR AT 12

$ python ch02 skfuzzy.py

ZREFHSE M fuzzy membership.png XA . 1Z XA — MEEFI L0 E 2-7 Fias.
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AW N R R B E - PNRBERRKE RS . FEEKRG A —ANA] LAE
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fi F /KA I A B SR IRAG/KIE R E 2 Ja, BUnl MG veik . Rk B bee s, miar bA
EKEIE G . W, FTEX KT AT,
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K 2-8

NTIEEET IR BRI RRRS, BAEREEXHRRES. EZAFF, BX
TR H RIS

d o : K AT CA#E B3R

Q o,: KTFEHFWLFE (kotor) .

REFHIN, AT 575 xy 0 xs S 5 MORT TE SR A .

U 77 30 58 A BUE AN AR AR -

P(w,)=0.8
P(w,)=0.2
P(x, |®)=0.3
P(x, |®,)=0.7
P(x,|®)=0.2
P(x,|®,)=0.8
NV —ANRE, NAZE X — MR EE. T2 — A0 TF2 7 Frfi 40 25 BR 28
Ad |o)=0
Ald |o,) =75
A(d, o) =10
Ald,|o,)=20

FLAE T LSS H 2R P B S BB A
b REATBN

# dl = distribute water



H2HE KRERGHTYEMTRE

# d2 = cleaning the water

# Jol

p wl = 0.8

p w2 = 0.2

ft ?Aﬁliﬁlﬁ%ﬁ@

lambda 1 1 = 0
lambda 1 2 = 5
lambda 2 1 = 10
lambda 2 2 = 0

BRI E R AT ek
#E?Kﬁmﬁmﬂmﬂﬂﬁ
# ox1 = 5%

# x2 = IEH
p x1 wl = 0.3
p x1 w2 = 0.7
p x2 wl = 0.2
p x2 w2 =0

¥ tH p x1 Mlp x2

p x1 = p x1 wl *pwl +p x1 w2z * p w2

p X2 =p X2 wl *pwl +p x2 w2 * p w2

#E?M%%%ﬁﬁ%ﬁﬂ%

p wl x1 = (p x1 wl * p wl)
p wZ2 x1 = (p x1 w2 * p w2)
p wl x2 = (p x2 wl * p wl)
p w2 x2 = (p x2 w2 * p w2)

r dl x1 = p wl x1 * lambda 1 1
r d2 x1 = p wl x1 * lambda 2 1
r dl x2 = p wl x2 * lambda 1 1
r d2 x2 = p wl x2 * lambda 2 1

/ p x1
/ p x1
/ p x2
/ p x2

p w2 x1
p w2 x1
p w2 X2
p w2 X2

* ok K

lambda 1 2
lambda 2 2
lambda 1 2
lambda 2 2
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print ("r al x1: ", r dl x1)
print ("r a2 x1: ", r d2 x1)
print("r al x2: ", r dl x2)
print ("r a2 x2: ", r d2 x2)

BT OSE PN

e dl *r dl x1 + p x2 * r dl x2
e d2 *r d2 x1 + p X2 * r dZ2 x2
print ("e dl: ", e dil)

", e d2)

p x1

p x1

print ("e d2:

1f e dl < e dZ:

print ("final decision:

dl - distribute water")

else:
print ("final decision: d2 - cleaning the water")
Wiz BT IRAF N XA B 44 A c¢h02 bayes theory.py. #&%&. BidiEiT F5lar<
KPATIX BAE 7

$ python ch02 bayes theory.py
A UAFE B 2-9 F & 2RE Fr a0 i B — il

. @ Documents — pi@raspberrypi: ~/Documents/book — ssh pi@192.168.0.12 — 8...

pi@raspberrypi:~/Documents/book $ python ch@®2_bayes_theory.py

('r_al_x1: ', 1.8421052631578947)

('r_a2_x1: ', 6.315789473684211)

(*r_al_x2: ', 2.5)

('r_a2 x2: ', 5.0)

('e_d1: ', 1.5)

('e_d2: ', 4.0)

final decision: dl - distribute water

pi@raspberrypi:~/Documents/book $ I

K 2-9
A] PUIE IS 03 Se 5 70 A AR R I S AF I R BUE R 2 5256
Rk R B G A B IR B 255

IR X RS B AT T3 AT R il AR 2 B9« 9 T EEIERIN T R IR EFEE R T RS,
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A CAFEVDRR X FF A AR B4 A — ML ERR AR A RHR R R S A S AL FEPAT SRR T
B A, nIELE S sh P i A CR A — 2B 1 .
BIMMEZ, ATLMERR ARG S & BB I AR, UniE 2-10 Fras.

e ~N
[ R ]:{) [ﬁ%ﬁﬁiﬁﬂa] [B@%%ﬁ] :>[ jopn ]
\_ Iﬂﬁf’i*ﬁ/
@2—10

AL 2 B AT DA N o 21 A A B DB X B . IR TR EE, R DA AR BT AL
&, WRE, MEREHRHBRRRS LR TFRA—F. TEER 2-11 & Bl v
IR -

i http://www.seeedstudio.com
K 2-11

A Z M PITIRE T B AERK R G T . RKE — 1 RE R 250 AT AT LA
W B — AN BT, 24T DRI NI R AT R

—ERGEIFASE NI R HAGNDORERE R A LGE, AT BLNSME B 2 8l
L P48 MR Sh— A FR G SR IRAS T 2 AR
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I T R A B

AATREAE Raspberry Pi BB BOE KB E — MR R AR K RS, H Python K
SLHZ R G

T E ARG RAGI 5 8] U5 R B DUE T I Z 5 R 2 B EFE. W%
HIEABETE, BT REHIAEE.
A 2-12 B/R T RITH4H

\ _,| | E%&uﬁﬁ%u&@ﬁ}j[ %ﬁﬁﬁm;ﬁ%]::>
-

—
M o
S5 A
& S
T S
—

[ TF)E fl % R4t ]

K 2-12

AN TKRNEEAVEE, [/ DHT22 fibh, 53 1 EPh %] T B, — M kE
TR B FH SR % Raspberry Pi fl— M4 25 E .
ik BATT IR BRI RS

hix

fi ] DHT22 figt 28 R A T A4k . 4% DHT22 kAT 1 ER b iER:
O DHT22 pinl1 (VDD) #E$£% Raspberry Pi [ 3.3V pin.

DHT22 pin 2 (SIG) %% Raspberry Pi ] GPIO23 (}, BCM %))
DHT22 pin4 (GND) ##% % Raspberry Pi ) GND pin.

— Nk 2% VCC EH: E Raspberry Pi [ 3.3V pin.

— /MR 2% GND %2 £ Raspberry Pi ) GND pin.

o000
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Q —A4kH 25 5% S Raspberry Pi ff) GPIO26 (W, BCM 1))
TR LR E 2-13 Fras.

-
-
Q-
O

e
- g:ﬁ'p
a >
lg:tﬁ 3.
o =2 2 %
L 9O = .
o 1 i
Ql = = — N
=aa 1 [ L
BN NN e N = @
EEEEE N 2L Y
M EEE. = = =
B RN
[ B |
B EEEES .:N d I [I]

k ‘:.,

K ]
I I
e Raspberry Pi 3 Model B v1.2
Raspberry Fi 2015

DEI (DISPLAY)

(Ve 3IWWDY ISD
ETHERNET

io

fritzing

@ 2-13
‘RE Python 12

BATEN | —BEMEER LI — M RE RS KE RSP 2= A
fE. FERXAMELT, a9 E AR 5B membership.

RN THATIR, AEEMEESRS 7 WK 2-14 Fras R membership B

R EREF, GIET 3 AN AL BRI, B, NEBERT T HAFZE:
KIEE M ERE.
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l Temperature l
‘E- 1.0 ] -H'I-.q:l_ ",.-
ﬁ ++4:F|- +++++ "’J
@ Y / — Temp. cold
£ 0.5 - Y V4 L[+ Temp. warm
£ %, R | Temp. hot
9 K - ~
g ++ ":
H- DU i T T T — T i
0 2 4 b 8 10
. . “Humidity .
1.0 o
F
+++
hy
hy —— Hum. low

+ Hum. high

Fuzzy membership

10

K 2-14

BE IR S %2 . BIt, QE—13MF, 4N ch02_fuzzypy. #%&, ¥IEtt
Pt 7% Z 1) Python BRI :

import matplotlib

matplotlib.use ("Agg"')

import numpy as np
import skfuzzy as fuzz

import matplotlib.pyplot as plt

import Adafruit DHT
import RPi1i.GPIO as GPIO

import time

X2 J5, N DHT22 4k a3y 464 Raspberry Pi GPIO.

print ('initialization...")

### HIEEH GPIO
relay pin = 26

GPIO.setmode (GPIO.BCM)
GPIO.setup(relay pin, GPIO.OUT)

sensor = Adafruit DHT.DHT22
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# Raspberry Pi W] DHT22 pin
dht pin = 23

20 8 I i B AR B R B AR membership XREZAFRIZE .
6142 temperature category()H! humidity category() R Z RS 4 N BR S B 22 58

HHHHHHHHES FTIN HHEFH S
#ﬁ)\ universe Elﬁ

temperature = np.arange (0, 11, 0.1)

humidity = np.arange (0, 11, 0.1)

TR TN membership PRI BT

# IR
temperature cold = fuzz.gaussmf (temperature, 0, 1.5)
temperature warm = fuzz.gaussmf (temperature, 5, 1.9)
temperature hot = fuzz.gaussmf (temperature, 10, 1.5)
b R

humidity low = fuzz.trapmf (humidity, [0, O, 1, 3])
humidity high = fuzz.gaussmf (humidity, 10, 1.5)

HH44 4444 T F44HEFEEEE S EEE S

# comfort

# i L 2R B AT

comfort = np.arange (0, 30, 0.1)

i3 ﬁﬁtﬂ membership PRI ET

comfort low = fuzz.trimf (comfort, [0, 5, 10])
comfort ave = fuzz.trimf (comfort, [10, 15, 25])

comfort very = fuzz.trimf (comfort, [20, 25, 30])

def temperature category(temperature 1n=18):

temperature cat cold = fuzz.interp membership (temperature,
temperature cold, temperature 1in)

temperature cat warm = fuzz.interp membership (temperature,
temperature warm, temperature 1in)

temperature cat hot = fuzz.interp membership (temperature,

temperature hot, temperature in)

return dict (cold=temperature cat cold, warm=temperature cat warm,

hot=temperature cat hot)

def humidity category(humidity 1in=2):
humidity cat low = fuzz.interp membership (humidity, humidity low,
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humidity 1in)

humidity cat high = fuzz.interp membership (humidity, humidity
high, humidity in)

return dict (low=humidity cat low, high=humidity cat high)

K membership 1E AN % H 2] — X4, X A] LLUE I B —> matplotlib B8 % )E
KT D9l AR E IRAFR memberships.

# FTE! membership
# A4 universes Ml membership A%
print ('saving membership...")

fig, ax = plt.subplots (2, 1)

[tl, t2, t3] = ax[0].plot (temperature, temperature cold, 'r',
temperature, temperature warm, 'm+', temperature,
temperature hot, 'b--', label=['Temp. cold’,
'"Temp. warm', 'Temp. hot'])
ax[0] .set ylabel ('"Fuzzy membership')
ax[0] .set title('Temperature')
ax[0] .set ylim(-0.05, 1.05)
ax[0].set x1im(0, 10)

1gdl = ax[0] .1legend([tl, t2, t3], ["Temp. cold', 'Temp. warm', 'Temp.
hot'], loc='center left', bbox to anchor=(1, 0.3))

[tl, £2] = ax[1l] .plot (humidity, humidity low, 'r', humidity, humidity
high, 'b+t'")

ax[1l].set ylabel ('Fuzzy membership')

ax[1l].set title('Humidity')

ax[1l].set ylim(-0.05, 1.05)

ax[1l].set x1im (0, 10)

1gd2 = ax[1l].legend([tl, t2], ['Hum. low', '"Hum. high'], loc='center
left', bbox to anchor=(1, 0.3))

plt.grid(True)

plt.tight layout ()

plt.show ()

fig.savefig('fuzzy mem temp hum.png', dpi=100, bbox extra artists=
(1gdl, 1lgd2, ), bbox inches='tight')

print ('done')
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HE, #EIFiEN DHT22 RECR IR EARE R IE . &5, LN EARERIE

ARG

FEN, NN B B AR AT . B AR 3RS OR A R A B H

2 LT IE . AL E B R PRI o iriE. NZXMIGORE, A
DA — AR T2 AR ZE T il 2 B I HR IR

RS A S SR

print ('program is ready for making decision based fuzzy logic')

machine state = -1
Cry:
while 1:
print ('sensing...")
sen humidity, sen temperature = Adafruit DHT.read retry (sensor,

dht pin)

if humidity is not None and temperature is not None:
print ('Sensing: Temperature={0:0.1f}*C Humidity={1:0.1f}%"'.

format (sen temperature, sen humidity))

sen temperature = 18

sen humidity = 80

# H—1k

norm temperature = sen temperature / 60.0

norm humidity = sen humidity / 100.0
print ('Normalization: Temperature={0:0.0001f} Humidity=

{1:0.0001f}"
.format (norm temperature, norm humidity))
temp in = temperature category(norm temperature)
hum in = humidity category(norm humidity)

print ('fuzzy membership: Temperature={0} Humidity={1}".

format (temp in, hum in))

#%ﬁﬁﬁﬁﬁ%ﬁ

rulel = np.fmax(temp in['hot'], hum;in['low']}
rule2 = temp in['warm']

rule3 = np.fmax(temp in['warm'], hum in['high'])
impl = np.fmin(rulel, comfort low)

imp2 = np.fmin(rule2, comfort ave)

np.fmin(rule3, comfort very)

imp3
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aggregate membership = np.fmax(impl, 1mp2, imp3)

¥ BRI

result comfort = fuzz.defuzz (comfort, aggregate membership,
'"centroid'")

print (result comfort)

# AR YE ST A0 H PR
1f result comfort >= 5.002:
if machine state < 0:
machine state = 1
print ("turn on a machine™)

GPIO.output (relay pin, GPIO.HIGH)
else:

print ("a machine already turn on")
else:

1f machine state > O0:
machine state = 0
print ("turn off a machine")

GPIO.output (relay pin, GPIO.LOW)
else:
print ("a machine already turn off")
time.sleep (2)
time.sleep(2)
except KeyboardInterrupt:

GPIO.output (relay pin, GPIO.LOW)
GPIO.cleanup ()

print ('program is exit')

LI L P AR A
I

fEE % BRI, TUFHITRER. A T4

$ sudo python ch02 fuzzy.py
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i fr DHT22 Fl4k fE 38 B ER 27 U5 N 2l Raspberry Pio 1X BAZ 7 ) — 7~ 15 4
e 2-15 Fise

. ) Documents — pi@raspberrypi: ~/Documents/book — ssh pi@192.168.0.12 — 8...

pi@raspberrypi:~/Documents/book $ sudo python ch@2_fuzzy.py

initialization...

saving membership...

done

program is ready for making decision based fuzzy logic

sensing...

Sensing: Temperature=28.,6%C Humidity=85.0%

Normalization: Temperature=0,3 Humidity=0.8

fuzzy membership: Temperature={'hot': 6.8987413995925987e-19, 'warm': 5.44745042
4466365e-05, 'cold': 0.96078943915232318}+ Humidity={'high': 4.6005175273896544e
-17, 'low': 1.0}

5.00202884593

turn on a machine

sensing...

Sensing: Temperature=28.6xC Humidity=85.1%

Normalization: Temperature=0.3 Humidity=0.8

fuzzy membership: Temperature={'hot': 6.8987413995925987e-19, 'warm': 5.44745042
4466365e-05, 'cold': 0.96078943915232318+ Humidity={'high': 4.6005175273896544e
-17, 'low': 1.0}

5.00202884593

a machine already turn on

sensing...

Sensing: Temperature=28.6xC Humidity=85.0%

Normalization: Temperature=0.3 Humidity=0.8

fuzzy membership: Temperature={'hot': 6.8987413995925987e-19, 'warm': 5.44745042
4466365e-05, 'cold': ©0.96078943915232318+ Humidity={'high': 4.6005175273896544e
-17, 'low': 1.0}

5.00202884593

a machine already turn on

Sensing...

Sensing: Temperature=28.6xC Humidity=85.1%

Normalization: Temperature=0.3 Humidity=0.8

fuzzy membership: Temperature={'hot': 6.8987413995925987e-19, 'warm': 5.44745042

& 2-15

R —
B =

E=)

AR T R Rl B 1 ok % vk — MR SR R IR, AT AR 2 A FRIE
WRREZAEF . A Z—n] A2 B3R 22 F 7 .

O MR membership B SRR & &7 & 1 E X o

QN 2R AR RS SRR

O  ASInEDRI 2 O BRECRIRTE R & FEUE
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~
A 2E

AECLBEEMNANFEG]: ISR BRI kil | —BRERXKRERG, W
RE | FHRSEIL DM BB AL ISORI 2 85 () Python BREE, FF HIRFHEAT 1 SLEK

&G, HEMEZEHE T — 1M RRKERG. FAHZFEIARE, F3 T rERERS
M Raspberry Pi FJA2HX M I H #HE5 &

fE56 3 B, REZ W e I B #58 — ML 48 o

7 A

T2 — MEFERFRENIIR. EXEREPFITUZIREZRTAENEENR,

1. Ethem Alpaydin. Introduction to Machine Learning. The MIT Press. 2004.

2. Peter D. Hoft. A First Course in Bayesian Statistical Methods. Springer, New Y ork.
2009.

3. James V Stone. Bayes' Rule: A Tutorial Introduction to Bayesian Analysis. Sebtel Press.
2013.

4. Matt Sekerke. Bayesian risk management: a guide to model risk and sequential
learning in financial markets. Wiley & Sons. 2015.

5. Timothy J. Ross. Fuzzy logic with engineering applications, 3rd Edition. John Wiley &
Sons. 2010.

6. Hung T. Nguyen and Elbert A. Walker. A First Course in Fuzzy Logic, 3rd Edition.
CRC Press. 2006.
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IRAE R ANTERSEKIWH T EERE .. AEBRZOMAEELHE — & BB L
e E WARTE . AR 28I I SRt 28 A M ATE B — ik, XAER] LA 4G 1 f#bL
Lo i) TAEJR I, [EIES 2Bl LA SRR 5B

BRE, SREZW LD E-:

DA AL HE H 2 A A1 45

48 OpenCV BRI &

R OpenCV pRi % ZE #& 2 Raspberry Pi L
1L OpenCV & it— M a] B HIFE P

¥ > Gl fsE FH S AR AR IR

I B T LA B TCR 7

N IERE — &AW RS
& DR AL A AL 5

L OO0 000LQ0OC

L4 2 R &R B ANEEITE MDA 2K — 8P4 . PladER R
BN e A B R E A Hlaslns s T EAL R 2 — I AR SUE. £
S, Hlas AT CASREL 23 i o BB — AN S BB EGE . 2088 & i an R R
AEEE ., AR ICIRAI LS 2 > XA AR o

PR TR AL ES o7 S U A Bh AT il e S B E R . B, ZHEa—wa ANE
—HRERNERBRE— G, PLaEN ] LLRBI IR —& a2 A, W—#0 2%
A, EFELEET, HLEENZE AT UFENEGRF AN AEEIGRDIAHLES 5 > WA
K&, MBI EEM R ERN, XYL — ke 2 KB A Al
A N Ja AW N

NEENLASE, W 3-1 Frs KR THRAR .
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Bl ‘»: Y N e

B3 A2 R, HLEEE

K 3-1

B, N—E8HRBIERES. B 1MEBEEEnEE. e FHHRX R
EUEZ RN AT AL . SR, AERTE B A R IE SR X

R3E B RIRIAE, FIRZARPFHMEFRIEIA . B3R T BMBRFFIEZ 5, Al
HiRAHE —EE LRk, SEARBAPLESE IR SS 5 XM ETE.

AAA SRR IR R E . #HEFF B Sk TR UIR A A AL RS 22 2T 1) 2
B, EAEY, SRRITIEIEEDRE N & Fiz FE SRR RIS 22 2 R &3R5
PLAS AL o

OpenCV & £ JE /)43

OpenCV (Open Computer Vision) FREZE & — A THE R BT BT IR R 2
FERERETANENH. ZERBER C/CH4SH B AHAMGmAEE SR T JLF#
Pz 1. OpenCV B J7 Wb il 83 R hE http:/www.opencv.org 77 [ .

OpenCV PREFESRM | —E 8 4H N EARTHF A E R AL 3 2085 2GR AHLES 7 > 1) 58
BEREE. AP ARRICE H Z R B ES TR AN SLE, bl EL — 1R
SRR R T RLRBESRIT SR FE N LA e A v AL LRI E .

HHl, OpenCV R ] A7E Windows. Linux. Mac. Android A 2 i0S “*F & EfEA -
A] LIEIE Bk http://opencv.org/downloads.html F#LEZPREE . T 452 R 78 el 7B 77
A Raspbian OS ] Raspberry Pi _FTHIC & OpenCV BRHE .

#£ Raspberry Pi _E&e E OpenCV

EARTTH, K27 Raspberry Pi _EACE OpenCV R &L FE . Je ALK &1% B Raspbian Jessie
K. FTHRFZAE Raspberry Pi JF AR _E WIS 45 %2 %% OpenCV BREE .
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B, LR KEKEE . £ Raspberry Pi 2 41 A T THI 2

$ sudo apt-get update

$ sudo apt-get install build-essential git cmake pkg-config libgtk2.0-dev
$ sudo apt-get install python2.7-dev python3-dev

[FIB 5 B B T i B HIAE RS . B R e AR EU% . A AR N T T Y 2 SREAT
g7y

$ sudo apt-get install libjpeg-dev libtiff5-dev libjasper-dev libpngl2-dev

$ sudo apt-get install 1libavcodec-dev libavformat-dev libswscale-dev

libv4l-dev

$ sudo apt-get install libxvidcore-dev libx264-dev
$ sudo apt-get install libatlas-base-dev gfortran

T—EH BN Git T3 OpenCV AL . AT LA T HH)— R 5 a5 2

$ mkdir opencv

S cd opencv

$ git clone https://github.com/Itseez/opencv.git

$ git clone https://github.com/Itseez/opencv_contrib.git

X B {8 H—)~ Python FE#A3 3% virtualenv 7E Raspberry Pi _EEZE OpenCV. X777k
R A PEAE T8 AT AR 2 1 Python JF AL 70 B K.
IR Raspbian H IR HE L3IXA BT, 7] LLEE pip K23,

$ sudo pip install virtualenv virtualenvwrapper

$ sudo rm -rf ~/.cache/pip

TR TERZ G, A] PATE bash profile X} virtualenv i##4TAC & -

$ nano ~/.profile

PRIG, RE T IR BAS NNzt profile SCA%:

export WORKON HOME=SHOME/.virtualenvs

source /usr/local/bin/virtualenvwrapper.sh

SERZ JG, ¥ bash profile AT IRAF -
EAIE— Python FEUIAEE, W] LA A T T o7 <

S mkvirtualenv cv

iR — N UAE ov i) Python EHUIFIE.
ﬁﬂ%ﬁ% Python 3, W] LA T 11 i) i 2 R A1 2 12 KE DL 3R 155 -
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$ mkvirtualenv cv -p python3

R LAEZ S FEE (ov) o WIRKH T RLIRRE TR T — A&, iz
s MG Python KBRS, HIA XKLL A4

$ source ~/.profile

limli

S workon cv

R 3-2 /1, ATRAE B —UAE cv 1) Python K 402 [8] I 7 B o

| . i agusk — pi@raspberrypi: ~ — ssh pi@192.168.0.12 — 80x 21

pi@raspberrypi:~ $ source ~/.profile
pi@raspberrypi:~ $ workon cv
(cv) pi@raspberrypi:~ $ |

K 3-2

7E Python FE#LZum N FE, ZkEE%42%% NumPy /EA OpenCV P E R E. 7] LE
A pip & 22 1% R B E -
$ pip install numpy

BE B2 HE L i R NIEAIE T a5 M H %2 %% OpenCV BREUE. AT I OpenCV
BREUEZ Ja, AT PUEE R T EX > R

$ cd ~/opencv/
$ mkdir build
S cd build
$ cmake =D CMAKE BUILD TYPE=RELEASE \
-D CMAKE INSTALL PREFIX=/usr/local \
-D INSTALL C EXAMPLES=ON \
=D INSTALL PYTHON EXAMPLES=ON \
-D OPENCV_EXTRA MODULES PATH=~/opencv/opencv_contrib/modules \

-D BUILD EXAMPLES=ON ..

715, 1E Raspbian OS HJ A #E £ 4t %3 OpenCV BRE FE

$ make -7j4
S sudo make install
$ sudo ldconfig

IR XL LG, NMiZALE Z R EE, XA Python BUA] LLi@IY Python binding
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RVT R BX R B . T LR — RS 452 & 1E Python 2.7 E#HATAC & 1) BAK D IR:

$ 1s -1 /usr/local/lib/python2.7/site-packages/
$ cd ~/.virtualenvs/cv/lib/python2.7/site-packages/
$ 1n -s /usr/local/lib/python2.7/site-packages/cv2.so cv2.so0

S Ad ] Python 3.x, 11 Python 3.4, FRA R LAFELS BT T M B, X B %
{1 iK1 /2 Python 3.4.x:

$ 1s /usr/local/lib/python3.4/site-packages/

cd /usr/local/lib/python3.4/site-packages/

sudo mv cv2.cpython-34m.so cv2.so

cd ~/.virtualenvs/cv/lib/python3.4/site-packages/

1n -s /usr/local/lib/python3.4/site-packages/cv2.s0o cv2.so

ZRUFECEE N, WAETERBELRE OpenCV ARG IE 2R LIS T
OpenCV:

v ¥

¥

S workon cv

$ python

>>> import cv2
>>> Ccv2. version

NAZAE &S E F] OpenCV A S . K 3-3 B/ TR H K — N RB.

| ) O agusk — pi@raspberrypi: ~fopencv — ssh pi@192.168.0.12 — 80x21

(cv) pi@raspberrypi:~/opencv $ python

Python 2.7.9 (default, Mar 8 2015, ©0:52:26)

[GCC 4.9.2] on linux2

Type "help", "copyright", "credits" or "license" for more information.
>>> import cv2

>>> ¢cv2.__version__

'3.1.0-dev’

>>> |

& 3-3

7 FRPIAFER OpenCV B | — MR A XXM, N TRENMNAHY s, ATLAEH
cv2.imshow() ER FUK &7~ — B 7 S0

XA, A LA SR Raspberry Pi S H RAT ZIEF. FH— XA %EEEE, 7T LA
T THT ) BEVAS

import numpy as np

import cv2
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img = cvZ2.imread('circle.png')
cvZ2.imshow ('My photo', img)
cvZ2.wailtKey (0)
cvZ.destroyAllWindows ()

BeAbfE A circle.png SXHAEABE R, AT ATEAR B RIRAH B BIXER . XL
FVALRAF B — S Fmm 44 9 ch03_hello _opencv.py. #&, 1TJT Raspberry Pi 5 [H H 2%
Ui 3 HL 5 N TH ) a7 2

$ python ch03 hello opencv.py

R A AT R, M A] LA B — R 7 —RE A BIXEHE, & 3-4 Fs.

5— . % @ Bl i @raspberrypi: ~/Do :Myphoto ~ @) | osfo8

3-4

FEOREMRM T A T cv2.waitKey(0), BT LAXANE A X EHES T IAENRBER
XA EHE, ] LALE B A & HE B i B AR AT % 4

W — PG ES G, B EE cv2.destroyAllWindows() B8 £ 5% F11% Bl /Xt
THHE
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1% ) OpenCV %5 —/ &) #4942/

AR ZFEF w6 m] A2 F P Wl fE Python EfF A OpenCV. TERATHIABIF, Y
M B R A I — iR s S B R P R FE

ZEMAEBWE 3-5 Finl—IiE

A circle.png H

=

A

AR H TR AT AFEPRACHS SO B 3k 2X A 44

Kl 3-5

N1 B —REFSE AP REE, @A Circle Hough Transform (CHT) . —™[# [
AT RA% 4R R 5 AT E X

(x—a) +(¥y-b)" =

2

(a.b)RZIFE KO, BB KRR r. XESHNG @ CHT T3k H
AV IEFEE R OIFER !

BNV E — MR REA—A

KA — RS B
THEHFES s A

import cv2

Fr v ) [

import numpy as np

R . #%F, BEMAH cv2.HoughCircles() K%
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print ('load image')

orig = cv2Z2.imread('circle.png')

processed = cv2.imread('circle.png', 0)

processed = cvZ2.medianBlur (processed, 19)

print ('processing..."')

circles = cv2.HoughCircles (processed, cv2.HOUGH GRADIENT, 1, 70,
paraml=30,
param2=15,

minRadius=0,

maxRadius=50)

circles = np.uintl6 (np.around(circles))
for (x, y, r) in circles[0, :]:

cv2.circle(orig, (x, vy), r, (0, 255, 0), 2)

print ('completed"')
print ('writing to a file..")
cvZ2.imwrite('circle process.png', origqg)

print ('done')
X L A RAF B — D3, FHHar4a 09 ch03 _circle.py.
N T IBATIXMER, 7E Raspberry Pi 23w B[4 A H 652

$ python ch03 circle.py

T/ 55 AR SCAF circle.png F13CAF ch03_circle.py S EFER — M HRX T
TE L BRI N Z S F B — 8+, nTPATERE 3-6 HF FNZAE T H 4 R — A nl.

. ® agusk — pi@raspberrypi: ~/Documents/book — ssh pi@192.168.0.12 — 80x21
(cv) pi@raspberrypi:~/Documents/book $ 1s

Adafruit_Python_DHT ch@2_pymc.py mymodel.pyc
alpha.png ch@3_circle.py PID.py

beta.png ch@3_hello_opencv.py PID.pyc
ch@l_dht22.py circle.png pid_temperature.png
ch@l_led.py fuzzy_mem_temp_hum.png result.png
ch@l_pid.py matplotlib test_pid.py
ch@2_bayes_theory.py MCMC.pickle theta_3.png
ch@2_fuzzy.py mymodel.py

(cv) pi@raspberrypi:~/Documents/book $ python ch@3_circle.py

load image

processing...

completed

writing to a file..

done

(cv) pi@raspberrypi:~/Documents/book $ E

&l 3-6
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EMEFRSE—RE R PRille 56  EEARNEE. RNERESERZE, 1ZE
P — T84 N circle process.png BHTE Ao

WRATHF circle process.png L, WiZn] LLE 2| E R SXHHA 4 4[5 R #2050 ok,
meE 3-7 s o

X AT R anfe] AR I B AR 2
B, 1 OpenCV 1 NumPy B& U Nk 227 -

import cv2

import numpy as np

B ev2.imread()FE B /B R orig A processed PIN L& H . processed 22 & 72 FH K
HEIFE B K. HTEMEEFE, processed ZZEH I E ¥ Tl

orig = cvZ2.imread('circle.png')

processed cv2.imread('circle.png', 0)

processed cvZ2.medianBlur (processed, 19)

cv2.medianBlue() s H Rl & X — MV ECREMA — IR E R . S8 EEN 1Z 2
THL W 1,3,5,7.

N T aeE—IRE R 2R B, T LAME A cv2.HoughCircles().paraml 1 param?2 %15,
X AN EUE R HE 18 3 http://www.bmva.org/bmve/1989/ave-89-029.pdf AT %€ X .
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circles = cv2.HoughCircles (processed, cv2.HOUGH GRADIENT, 1, 70,
paraml=30,
param2=15,
minRadius=0,

maxRadius=50)

i R s B A R Tk BT A R, g orig =

circles = np.uintl6 (np.around(circles))

for (x, y, r) in circles[0, :]:

cv2.circle(orig, (x, y), r, (0, 255, 0), 2)

g — NP TRHEEM cv2imwriteQIE T FL A R IR B — A X Han 44 A circle

process.png:

cvZ2.imwrite('circle process.png', origq)

1% JE) 3B AFAAR 32

FEARTIH, 2ERZE Raspberry Pi H AR & MBI, FIRZ&E &0 H KRB
B, VAL DL B E 2 2% T A Raspberry Pi £2 1 3 B4 M i) — M B,
AT RIRZRIE .

ET CSI iz ORREIIER

Raspberry Pi Camera s2 # Raspberry Pi &2 &K A E 77 IENFI B HE S . 1X &
BALA] DL I CSI 2 H#%F 02 Raspberry Pi H & # L. Raspberry Pi 4 [F] B tHi# 1L
T A= BB Raspberry Pi NoIR Camera. ZAEEHA] IZEMREE (twilight) FR
B TA/E. Raspberry Pi Camera v2 1 NolR camera v2 ) —M IR0 B 3-8 Fiaso

XL H 2 Raspberry Pi B 7 RGNS, 8 1 eI CSI # M F IR B,
N.iZ1E Raspbian F 5 A B . ] PUIE IS S H raspi-config T E R #4THC & . A 7 Z7E Raspberry
Pi Ar AT A AN T a2 BRI A

$ sudo raspi-config

AT G, MiZA] PLE 3 raspi-config F£/7, W 3-9 A,
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K 3-8
. ® agusk — pi@raspberrypi: ~/Documents/book — ssh pi@192.168.0.12 — 80x 21
I Raspberry Pi Software Configuration Tool (raspi-config) i
1 Expand Filesystem Ensures that all of the SD card s
2 Change User Password Change password for the default u
3 Boot Options Choose whether to boot into a des
4 Wait for Network at Boot Choose whether to wait for networ
5 Internationalisation Options Set up language and regional sett
6 Enable Camera Enable this Pi to work with the R
7 Add to Rastrack Add this Pi to the online Raspber
8 Overclock Configure overclocking for your P
9 Advanced Options Configure advanced settings
® About raspi-config Information about this configurat
<Select> <Finish>
K 3-9

e 70 o

£ raspi-config T..E ¥+ 6 Enable Camera i£Ti, 2R )5 5.7 Enable Camera >

IS T
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53871 )5 7)) Raspbian SR5E AL B

AV, ERZJE, Wi%4Hi i S5 RS Raspbian. E

PAER] LB AR e g B HIER T,

ET USB O RRFENAEIR

HT USB £ H F AR HIAR B — MR Eils S B s e, WK 3-10 pras. XMk
B H PUAE webcam, FJ LLAE 5y HUTE A HIAF Al H 3R 2 EATT

V5 http://www.amazon.com/Microsoft-LifeCam-Cinema-Webcam-Business/dp/B004ABQAFO/

& 3-10

—ANETF USB KRGV AT LLEN USB #% %] Raspberry Pi FF AR E. XFF
Raspberry Pi3, 5 4 4> USB i&ficds, FrLAnl AT USB N 4 P EERBRIEER.

JURPZET USB HIESRBAHUEEE AT A 1 OpenCV R ETE W 1) Raspberry Pi FFk
WRATIR A . 7T PAZE R AL hitp:/elinux.org/RPi USB Webcams H1 3% 2|3 % Raspberry Pi 7 &

B ) USB webcams.
F17 (serial) #FZOBIRZRIIRIR

4~ ] 3

PRI A —AN USB #: 1, {H2&H UART/serial pins, A] LAff FH—ANEF

N SRR IN F
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AT OSSN, Grove-Serial Camera B4R EHF 22—, A 3-11 Fis.

KJR: http://www.seeedstudio.com/item_detail.html?p id=1608

A 3-11

FF UART # O BREVESA] LLE T UART GPIO pins #% %501 2] Raspberry Pi JF
KA -

% Mz ORI R IIAE R

FZAEKE] 7SR ME O RBREIARER, EANIRKSFF serial. USB. SPI i
2C #&M, XRAERL, FEARCEEEATERINENT S SR BT AR L.

Pixy CMUcam #& — ' i] LASCHRF 22 Mz L IR HIEER, T LAFE'E J7 Mk http://cmucam.
org b [ FEAN N SEAZAER . —EeFELR R It B IX ML . £ M SeeedStudio (MNAEA
http://www.seeedstudio.com) L2 | Pixy CMUcam5 H K WRIEH pan/tilt Bk, 4nf 3-12
FT7I o

e — 1 Pl S AL E 2> Z W] 7E Raspberry Pi JF &AMk _E4# H Pixy CMUcam5
BT
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a -
-]

11111 --n'
-

A OpenCV =%

. L,
Sl JIz e
B B

K 3-12

VIR X I R S

“[“1’1'_1—1

By 3 9] 3R AF AR

EMEHRBRVERIX —F R, T — RS E R EN OpenCV EREUE AR -

Rz oh, &R LA BENE RS

X

(L GNETPAN/

ARPVE RALIEHE, AEE B

BT —FRIFHEE . AT M OpenCV REEV; M FHE NS, FHEBMTHPIE.
(1) N7 M OpenCV Vi i FZAZ LB, FTLAMEH VideoCapture Xt 5. PH read()K
L — 1t X —milfE 2 — eSS B

(2) A THER, EHBEN U .
R L, RIERAXAGmBELSRS H T,

import numpy as np

import cv2

cap = cvZ2.VideoCapture (0)

while True:

ol — MUt BEAT 42

RFEEREY U fi8 xS ER S| Raspberry Pi
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ret, frame = cap.read()

7RG SRR [B] i

cvZ2.imshow ('video player', frame)

if cv2.waitKey(l) & OxXFF == ord('qg'):
break

cap.release ()

cv2.destroyAllWindows ()

(3) KX AR NN FF 44 4 ch03_camera player.py.

(4) ATBITZRER, MiZi#EA Python EMIEE, ZEMAIENIZOLEHE T
OpenCV BREE.

(5) BN FHZXA L

$ python ch03 camera player.py

(6) ReI)Jarl LAE B — X i E s ok B B BRI . B 3-13 Frg— o
% H o

enuf l.f_b:) = -4 Aﬁ @ -pl@raspberwplznumo___ ‘:vidm player ‘
| : E[EE

.|"|.

@) | 355 1001

= mm viceo play:

]

=f

-

L\

A\ M

K& 3-13
(7) ¥ 6k Q1B H B ¢ X 1B HE
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(8) BRZEL cv2.VideoCapture(0) W A MBI BENLAS . WG T A AL, R
. cv2.VideoCapture(1)VH A 26 — 1~

28] T AL AL 69 AE KR A

R IR A2 M2 AR o B T ELAL 3 i B8R 70, FH SR 2 VRIS fe] 2R 4% U i)
Y .

EARZH, K078 —F B Paul Viola 1 Michael Jones 5 18 3 : Rapid Object Detection
using a Boosted Cascade of Simple Features. Xk W X Haid | FH T8 5404484 0 #1285 2
AT

— R UL, Viola #1 Jones H) 7 VAWM FRIE Haar Cascades. At Al 18 F 7 40T 702K 4%
) AdaBoost 5i%:

T 11"
1 h (x)= —
h(x)=l Ea“() LZ:IH*

{ﬂ otherwise
SEia/&, OpenCV FECASEI T Viola Al Jones W7 V2 FH RS e it il . HoAh
AN E AR N i 7 ek wT ELAEVRACHS 3R B0, L EFE <opencv source

codes>/data/haarcascades/

PLAE R] LA A Haar Cascades 77 {A7E MR LM AN IR . 7T A4S W R AR

import numpy as np

import cv2

face cascade = cv2.CascadeClassifier ('haarcascade frontalface

default.xml')

img = cvZ.lmread('children.png')

gray = cv2.cvtColor(img, cv2.COLOR BGR2GRAY)

faces = face_cascade.detectMultiScale{gray, 1.3, 5)
for (x, y, w, h) in faces:

img = cv2.rectangle(img, (x, vy), (x+w, y+h), (0, 255, 255), 2)
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cvZ2.imshow('img', img)

cvZ.wailtKey (0)
cvZ2.destroyAllWindows ()

RAFACHS A ch03 faces.py.
A] DL S haarcascade frontalface default.xml il children.png FUEFRE )[Rl — B 4%

T . haarcascade frontalface default.xml W] LA 7E <opencv source codes>/data/haarcascades/

42 T3 E, children.png SCHFEAR S FIPRHS LA H .
£ Raspberry Pi & _EiZ4700 M4

$ python ch03 faces.py

ZJE A LLE R = A B R R EE. B 3 kAR, HE2EE T —1. £E

HEK, JRH I Haar Cascades J7i:BIRE, HARREN T, B 3-14 s 2IERFIEIT
Je 7~ .
) = B ):} @ I-pl@raspberwpi: ~IDG.._I!:|mg ‘ = uﬁ

! i r:f“f

K 3-14

B EEREHAV?
B 45~ Haar Cascades %K 75 B2 1) FE A 2R £ 95 -

import numpy as np

import cv2

face cascade = cv?2 .CascadeClassifier ('"haarcascade frontalface
default.xml')



© 86 B Be Bk I B T A SE AR

BB AT E A BN K S

img = cv2.imread('children.png')
cvZ2.cvtColor (img, cvZ.COLOR BGRZGRAY)

gray =
A TIRAARE, A face cascade.detectMultiScale) BRI FF LG R EE M=,
Bl R 7 M /DB EEE ASE. R RN H—KARK, EERF LB—AJ7HE:

faces = face_cascade.detectMultiScale{gray, 1.3, 3)

for (x, y, w, h) in faces:

img = cv2.rectangle(img, (x, vy), (xtw, yt+h), (0, 255, 255),

e B R, RIEERH P MEERIE W

cvZ.imshow('img', img)

2)

cvZ.walitKey (0)
cv2.destroyAllWindows ()

A F% 5 b P AR EALT 1R 5 % 4

EATH, BIEE-IRBERNATERERSG. RIMELF] FufER iR A
i, IAE S S e EEAR AR R A

JTIEARE . A RFRS B ARBIURIE R —mimi ) B& . ZJ5 M VideoCapture
MEFIEAH read) %, B—mimi ) EEIES R face cascade.detectMultiScale(), 2A)5
FEXTIEAE RN .

BN AR

import numpy as np

import cv2

face cascade = cv? .CascadeClassifier ("haarcascade frontalface
default.xml")
cap = cvZ2.VideoCapture (0)

while True:

e U BB

ret, frame = cap.read()

gray = cvZ2.cvtColor (frame, cvZ2.COLOR BGRZ2GRAY)
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faces = face cascade.detectMultiScale(gray, 1.3, 5)
for (x, y, w, h) 1n faces:
img = cvZ2.rectangle(frame, (x, vy), (x + w, y + h), (0, 255,
255), 2)

cv2.imshow ('face tracking', frame)

if cv2.waitKey(l) & OxXFF == ord('qg'):
break

cap.release ()

cvZ2.destroyAllWindows ()

RAFAAS B XX ch03 faces camera.pye
£ Raspberry Pi Z& i E AT 2

$ python ch03_faces_ camera.py

E17)E, FonHCKK, REEFHAT LR, 7TLUE B W& 3-15 Frosh)

yi@raspberrypa
yi@raspberrypa
y1@raspberrypa:

A 3-15



e SR »

B REYIBR I B F R SR

A PME I H @ in— LED Fsk$87~ iR 5 AR -
ne] SE B A W ?
B MZ AT —F, RAAIEEMATR T &L

%32 ToT MBI

RARTH AN AR CL T ## Pixy CMUcam5 "] MENRENUE . &PRAE LoT Ti H

FHE.
T — T EABIR.
O Pixy CMUcam5 f£/&2%: http://www.seeedstudio.com/item detail.html?p id=2048.
O Pan/Tilt for Pixy: http://www.seeedstudio.com/item detail.html?p 1d=2048.

AT DA oA 7E 28 7 5 ) 3K

7t Raspberry Pi _E&BZE Pixy CMUcam5

N 1 8 Pixy CMUcam5, W.i%%2 %% 75 2 FEEF M « B 56T Raspberry Pi )% ¥,
EIANW 4

$

v n

sudo
sudo
sudo
sudo
sudo
sudo

apt-get
apt-get
apt-get
apt-get
apt-get
apt-get

install
install
install
install
install
install

libusb-1.0-0-dev
gt4-dev-tools

qgt4-gmake gtd4-default
g++

SWig

libboost-all-dev

7 & Pixy MM HBVES . & 5E N EIFEAES I 23 PixyMon:

$ git clone https://github.com/charmedlabs/pixy.git
$ cd pixy/scripts

$ ./build pixymon src.sh

A 1 H Python 4T Pixy &, 75 2423 Python binding . 7B 42 <pixy library>/pixy/scripts

AT

s

$./build libpixyusb swig.sh

= R B A AURE N USB 159 Pixy. HAW T a4

S cd

../src/host/linux/

$ sudo cp pixy.rules /etc/udev/rules.d/



FEIE BEVSR 89+
PLAEA] UFE B Pixy CMUcam5 .
e

N1 %% Pixy CMUcam5 1 Pan/Tilt, #EFF [ % 345 Fa http://cmucam.org/projects/
cmucam5/wiki/Assembling pantilt Mechanism. P 3-16 Fiis & %23 5 BT -

F428 Pixy CMUcam5 [&E {4

FEA#E A Pixy CMUcam5 B HT, TR —F IoT A E 4. 7] LLE] http:/cmucam.
org/projects/cmucam5/wiki/Latest release F#¢. $l40, B]LAFE http:/cmucam.org/attachments/
download/1317/pixy firmware-2.0.19-general.hex E.#% | %X Pixy firmware 2.0.19.

AT AR, FEIZ4T PoxyMon WA . 4GM Raspberry Pi & F Pixy CMUcam5,
WJE 1% T Pixy CMUcams Ti#ES[) H 4% 4, FHEIL USB # 5] Raspberry Pi. #F&HZ{EH
B BRI — SO R . W Pixy BIFFCMF, R JESFAF AR5 7S A

UNEN

H U6 H Raspberry Pi il Pixy CMUcam5. FH% H—2f] kR {EH Pixy
CMUcam5, ib3RATTHFEEE !
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AR

#& 1 Pixy CMUcam5 WHMEZ &, ¥3R1S PixyMon M . X2 HKE Il 255
PEH T E, W] LAfE<pixy codes>/build/pixymon/bin/#g1% T F.
# Fl|<pixy codes>/build/pixymon/bin/, R J57E Raspberry Pi Z&umiA -

$ ./PixyMon

WRPATET), B LLUE 290 E 3-17 Frs i) PixyMon & H .
= Pixy EIE

& 3-17

MREE O EAEIMEME A, TR EG P& kAL EREZE, Xaik
PixyMon i# AR . B 3-18 P2 f2 7 Bl fan it

PR ERFK
Pixy CMUcam5 7] AR EFAE = B ARk, REIX MR SEM T ARERRE nfe)
M — AR I IR ER E
(1) % Pixy CMUcam5 7@ A Fl| Raspberry Pi. #TJF PixyMon N, B EEMEEE
BRI, Wl 3-19 Fos.




F3E RIS

;.3' =] L f'! @ -:l@raspberrj,'pi w‘plx...;:PixyMDn

L

T-"g?

24 %| 0531
-]

le Action Help

File Edn
pigiraspberrypi:

pi | aspberrypi

pi@raspberrypi:

Pixy detected
> FUNprogarg 8 -

porhk
2500nse; U LX)

EIEIES

K 3-18

LEAE]

K 3-19

e Q]
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(2) RGBT B B sk, SR J51E PixyMon FiE 2 B Action | Set signature 1,
i 3-20 B

o .
o e .l.'al;': el
. _Ns un/Stop

- ol ..":_Tl:' 1 |_'|’|,:| am
Raw videc
|: ooked )
RUN Pan/uit demc
Set signature P
':':'t ture 2
Set ture 3
Set ture 4
el Ture 5
Set iture |
Set ture 7
-:E: anatl
=] ar I:!-? e
EL—.. ::i \ature
L- F-" '_[-I-It

esp et nature

ur  Set CC signature 7

SO )
Clear signature
I iegl '_:_:[_ £
.,--I_- ore I—f':: \ara [_‘_“__“:l_ yal

& 3-20

(3) PixyMon <ibBEB&FkiE, AJEAILLH R EL HisiEREE, wiE 3-21
FIT7R o
(4) PixyMon RFEIESRE 4, RJEwinl EREMRIIME T, B3 Biniif.

FIF Pan/Tilt 23R IR BR44 {4

R Pixy CMUcam5 T4 %36 | Pan/Tilt i3k, W] LT Pan/Tilt SEIL—ANERER) 44
4515 o
(1) FHACKLEMPIZL, %P PixyMon MW )SEE Action | Run Pan/Tilt demo,
BE Par/Tilt, T 3-22 AR




FIE AR

il

i | ||

response: 0 (0x0)
> runprogArg 8 1
response; 0 (0x0)

& 3-21

response: 0 (0x0)
> runprog 1
response: 0 (0x0)

& 3-22

e 0F
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(2) 2R3 Bk, Pan/Tilt B IEE HARIERAL B S) .
iZ{T Python 2 FH

A FREREMZES, ATURR— A E. XEEH Python HHI/RBIFERF
7E 3 Fe<pixy codes>/build/libpixyusb swig/ F# 24 get blocks.py, FEEIIIX
A

$ python get blocks.py

IR, FFRIREELHIALE . AT LR BRI W& 3-23 Fros i .

. ] agusk — pi@raspberrypi: ~/pixy/pixy/build/libpixyusb_swig — ssh pi@192.168....

pi@raspberrypi:~/pixy/pixy/scripts $ s

build hello pixy.sh build pantilt_c_demo.sh install libpixyusb.sh
build_libpixyusb.sh build_pantilt_python_demo.sh pack_pixymon_src.sh
build_libpixyusb_swig.sh build_pixymon_src.sh
pi@raspberrypi:~/pixy/pixy/scripts $ cd ..

pi@raspberrypi:~/pixy/pixy $ cd build/

libpixyusb/ libpixyusb_swig/ pixymon/

pi@raspberrypi:~/pixy/pixy $ cd build/libpixyusb_swig/
pi@raspberrypii~/pixy/pixy/build/1libpixyusb_swig $ 1s

build get_blocks.py pixy.i pixy.py _pixy.so pixy_wrap.cxx setup.py src
pi@raspberrypi:~/pixy/pixy/build/Llibpixyusb_swig $ python get_blocks.py

Pixy Python SWIG Example -- Get Blocks

frame a:
[BLOCK_TYPE=@ SIG=1 X=309 Y=198 WIDTH= 9 HEIGHT= 2]
frame i 8-
[BLOCK_TYPE=@ SIG=1 X=309 Y=198 WIDTH= 9 HEIGHT= 2]
frame 2t
[BLOCK_TYPE=@ SIG=1 X=309 Y=198 WIDTH= 9 HEIGHT= 2]
frame 3:

[BLOCK_TYPE=0 SIG=1 X=309 Y=198 WIDTH= 9 HEIGHT= 2]

K 3-23

e ?
A LMEBEFEF, F Raspberry Pi #2742 #1] Pixy CMUcam3 #HkR .

AR A& R

WMRCAETE LA LR HEAEBRAEHZELETE, AILLEE RS PixyMon M A Y
S HL Action | Clear all signatures SRiEFBREAT-

N/
N 4
AN -

ZHIE4HH OpenCV #2] | —EEARPPLESIENIR, WIREIFZR>] 7 A Python
KAEH OpenCV.



FI3E HBEVS © 05 e

TE 82 5 IIER 4, 1E Raspberry Pi AR &6 7 HLEL 5 D8R3 A iR 5 A1 B ARk
PR,
ER—E T, ¥42% S i B LSS 2 5] i AR E— N B 304 .

7] JA]

T SRR BN, AT REZRTARENARE.

1. Richard Szeliski. Computer Vision: Algorithms and Applications, Springer. 2011.

2. P. Viola and M. Jones, Rapid object detection using a boosted cascade of simple
features, Computer Vision and Pattern Recognition, 2001. CVPR 2001. Proceedings of the
2001 IEEE Computer Society Conference on, 2001, pp. I-511-1-518 vol. 1.

3. OpenCV library, http://opencv.org.






F4E FHEEIRE

AREW — RIR R WE I FE R — B R S MRS SR EME— AT EANATH

HINLAS /N4,  [RIE 025 2] andel B v B LR 3% ] A0 X AL 88 4 .
KRB RULTJLAHE70

Hzl R4t A

Bahilas A4

HENLAS 4

{# B} Pololu Zumo Arduino

T EALEHILAE 4

AN T ATH GPS R

5| 2504

fyE 2T MBI EE GPS

HilE 5 a8 4

U 00000000

B ) R 423

Hal KRG 2t WiEd HF A RREUTIIRN RSt . EEGERGT, NRGHES &
RS FA, R RGERBENFIKKRPIAT. HEENRGA—F, HIIRSGH
O iz AT A3 1E .

TENLER AW FE 90, HIWLas N RS P o] 3.

Q 5z RS

Q =z h) S

A2 S5z R A s 2 N — ML E R A — ML E, Py NERUT A&, Hlas
NEBSFEEF, BER] DAKEEH BB ] AAMKEE . iz sh#zil i @2 5l A2 B4
K N—MIBER A —MIER, BTG EXREHE, MGtz FE—F.

— ki, BHINRGERIZEMWE 4-1 iR,




« 08 o B REYN BRI I H I A SR

< A >

[
AN

AL
N M

B <+ AHT

P
& \

gl <+
ARG ML & B R
Y
DT IR Z)] .

RIERGE

KU5: Meystel, A.: Intelligent Control: A Sketch of the Theory. 1. Intelligent and Robotic Systems, Vol. 2. 1989. pp. 97-107.
&l 4-1

M 4-1 7750, FBE—NHIIRFAHUWT 6 HREER 7

NFIHER 7y

KNS 53

ALK 53

etk

R &ER

fezhaf oy

AFR A A WTRI HZ) R G R R E . XERANA IS ANFEHR Arduino

o000 O0

BORERE B ahblas A




BAa4FE HIEBIVEE © 99 o

Bahtlas N2a R H R SIHIR B &8 aige T rplas N —BORU, TEMERE 4-2
IR 5 P REEER AR BN

RENHLIEZ])
=E

] 4-2

MCU (ffsbE A RpTe) Eflas NRFER] O AT BL%EFE Arduino. Intel Edison,
BeagleBone Black/Green, BY# & Raspberry Pi board (BWZ&JK) - &M MCU F H CHIFF
PR T H P T EARYE B ORI RIEFA R R/ M EEF) MCU.

AURFEASANN B RUEFEEHIRIIEE . BT —L£ MCUs gD
PWM/Analog #irthi, N 16 RKEH, FE—PTRIPBBEE. JREE, KIIPEE
B E L, FHian R EEERE MCU fUR Il T3 MCU #i3R, 1R IS
REMER HESRER, 5K EERG RE

i e — R B PORE SN AT SN AR HE R . A2 BB R A R BV
H N RNEUF S BINEE S 7T PAE MCU BRI Fh &AL A2 BASH . ANF) A2 R 2%
EARRKAE PR EARRGES, Fla i tiEE, FrEbEE. KEeIE ]
BOCAERAEH AT, FRMIEIL 2 AT

Ba, e ANBEBZNIINFATEIZBRIEES ). XA LB AE) R E L. 4
#l-F, LED T 5t —AdF % a0 ] MRS EE BrfEa 3R E . WX — 1%,
—MEBEE RN A HIAL A A SRR I — AN Ek <A, T=rn—MHlas A LZI=
BAITERNGERAES. WA IENSANFE LEHAEIRE, AEEEEREA EBH
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B SR BRI

BHENEF
REHE IR AN E. FAEFSRRNERE, TS H—EEH I
ATEEHEEIMIHE
O HA: AHABESE-AYBER? RATRE. PR, ERNT TR
AL A ?

Q WMt REIE. FEEGENMIBERSEFRN AT AZNNERE. H
Arduino BRI ? AR TFEE NS & — kil MCU board, 1 Raspberry Pi?

Q Ak XANEEREEE. A CURYE FOH B A 8 FH B[R] % 353 1 R

Q (RSB NEDEE: FEHEESEMMERENIMEDIRE . KXt A i
%, EMRERTEEZHNHEE, FNXIHSIEFEZmILEARNEER.

friEZ 5, BN IZE— R THLE AERERITE H .

TR R s A A B I ALES AN CF & DIY SRS HERF G-

DIY Hlz2 AR

DIY (Do-It-Yourself) 25 H O+, FEXNF & R/EZES BB ZHAEHEMS)
FHeI. A, —ENSANENEEEEZHE TR TRERA. £EXINTFE L, B2
EXEEN A AN E RS, REUREERE TN,

SparkFun Inventor's Kit for RedBot, Rhl:A https://www.sparkfun.com/products/12649.
& 4-3 Fion AiX A~ DIY L2 A\F & iRl

SparkFun Inventor's Kit for RedBot 2 — BRI AN, TFEH CHIEARE D
X EEARFE T Arduino ) MCU #2, FJLAER & 5 HITE FHI4RTE.

FHEE-THEGIERA RN 7 — M EEEEER DIY fles NG, fE DIY
Smart Motor Robot Car, K H Banggood Chttp://www.banggood.com/DIY-Smart-Motor-
Robot-Car-Chassis-Battery-Box-Kit-Speed-Encoder-For-Arduino-p-1044541.html) , AJ PAM
dx.com. eBay. AliExpress Ao B EELH|, & 4-4 Frzs Ay DIY Smart Motor Robot Car

K — Bl o
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il 1E B B4 %

BA4E

K 4-3

K 4-4
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A3t DIY Smart Motor Robot Car EFAE S MCU #, B AR E B SE—, i
Arduino B{# Raspberry Pic. HZE 2| 5, A LLFZHE U B RIEENLAEZ
EEMEEXEMERNSMES EEGH %2 DIY 4. BSIREEME!

C 309 0LIR-PNS TS

WRIRECE N, BeEIRAE B CF R RX R T8, 7 A SE— PSRRI 4%
ANEH, W 4-5 fios, ZFEATELZETHREMAHMNTIIG. —SPl4s NN E W
SEEREN . RIEEHNRERIGFEISENF S, W52 Arduino F & _ERE, A
2,0] LM B Pololu Zumo Arduino Chttps://www.pololu.com/product/2510)

] 4-5

Zumo Robot #{1%TT—~ Arduino shield, 3Zff Arduino Uno ¥ A . i&7A] LIf#EH
Arduino Leonardo. Arduino 101 I Arduino Zero. 1EHIR Arduino pin HJE N 5V,

JEATLAFSR EH Pololu [¥] Zumo 32U4 Robot fERNFH—ANi&EHE, WE 4-6 fiR. 1E
https://www.pololu.com/product/3125 H A] LA 2| . iX B A FF EE Arduino 2, [K 9 Zumo 32U4
Robot FELFEM I —1. ATEME — Sketch £2F7, WRJF#E 2Rk T LEIT.

53— A% PR /&K B Makeblock 1) Makeblock mBot V1.1, W1/ 4-7 Az, Pk
& http://makeblock.com/mbot-v1-1-stem-educational-robot-kit. X ME4F /& 2& T Arduino Uno
MBI AE N . 7B S Makeblock mBot V1.1 $24LHE F T4k s _E AN F [k
AT DAIR B SR IEAT I 3K




Fa4E HHEEHIINERE ¢ 103

& 4-7
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N T %5 Makeblock mBot 4wf%, Makeblock $#fit | —/MA

R T E, TY{E mBlock, 2T

&l 4-8 FIi7 o

‘-n

Scratch (https://scratch.mit.edu) H)2 7 EfilllR. AT LA B S A6 RR WA, U

mBlock - Based On Scratch From the MIT Media Lab{v3.2) - Disconnected - Not saved

F. & T2 2

e e

Scripls Sounds

Control

A 0
[ d. - S
} G m
1] o

3 - _ 3

m 2 § Cn -

Q@ 88828 ¢F

< = & B 8
g 5

)perators
e

mBot Prog

at speed (9
at speed (9

set motor (I8 speed (9

set servo (Z5h9 CEBE angle €O

set led (R TeW €W red € green

QD €D €@ red &) -

play tone on note beat

one

set led strip

X: 240 y: 2

Mew sprite: ‘@ / Hf

Sprites

&
(Y
M-Panda

stop t

1
show face (X8 x: @ v: © characters: |I§
s

show time hour: D B min: €
n
x: ) yv: @) draw:
=

Stage
1 backdrop

Portl

show drawing
MNeaw backdrop

/e .
/ set 7-segments display Q12589 number i

set light sensor led as (GIR9

set camera shutter ELY Press™

[N light sensor on board™

o/

KR : http://learn.makeblock.com/en/getting-started-programming-with-mblock/

& 4-8

1& ] Pololu Zumo robot for Arduino

AT R ) 4 — 1 18] R 1) RE 1 7% 38 F
PERF IR R ¥ . N 1 SEIIXANTIRE, FH—1 Ultrasonic BEERAS U FEAS D -

FEEIRIALES N A2 A0 R AL s N R —

i HH HC-SR04 fE~N Ultrasonic ##t, EIR{EH, 7 LLE www.dx.com.

Ld

=

4-9 FIT7

www.banggood.com fll AliExpress | 3%, HC-SR04 U]

HC-SR04 #EHL 2t 4 /> pins: VCC. GND. Trigger A1 Echo. 7] PAi%#; Trigger 1 Echo

pins #| Arduino )%+ /0. {H2EA HC-SR04 #HEHE 2] Pololu Zumo robot Wg ?
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tR3E Pololu i F* FMt, AT LLEE Arduino % VO ) 4. 11, 5. 2 iX 4 /> pin &E#.
% HC-SR04 BLE i 7 (R ) 7 & I R 1) pins, EARINE 4-10 Fros.

@ Digital 1/0 pin

. Analog input or
" digital I/0 pin

Y IPC pin

On the Uno R3, SDA is a duplicate of analog pin 4 (Ad)
and SCL is a duplicate of analog pin 5 (AS5).

On the Leonardo, SDA is a duplicate of digital pin 2
and SCL is a duplicate of digital pin 3.

GND 5V “:‘"
- - P - P o =
Qv DD Vv O

— 3
.-;r?‘\. AT ]
2 1A3IAZ]
ASLAL [Ny 5V

A 4-10

TEIX M1, 3% 2 Trigger Al Echo pins 2/ Arduino % I/O [ pins 2 Fl 4, Ultrasonic
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FELEL) VCC Al GND pins 43 5% B % #:#| Arduino ) SV 1 GND pins. & 4-11 B &%
AN TR

Ultrasonic

Module Arduino

K 4-11

A, ] DL FH #HEEHIE Ultrasonic FBE 23 Pololu Zumo robot ] B it |,
HEMIREH B ZEF pins 4. 11, 512, [FINIXLE pins Pololu Zumo robot JBF itk A
2 F 3,
& 4-12 PR 4 — M1

K 4-12

BATEAE Sketch F27 BA# A NewPing FE. 7] LAM http:/playground.arduino.cc/Code/
NewPing T %K, 28 J5 HIXANFEERE 2 Arduino libraries A4 . 2 J5 8L AT LA H459% 5 Sketch
FEFF o
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FTFF Arduino IDE, RJ54%5 LL TR

#include <NewPing.h>
#1nclude <ZumoMotors.h>

fdefine TRIGGER PIN 2
#define ECHO PIN 4
#define MAX DISTANCE 600

NewPingsonar (TRIGGER PIN, ECHO PIN, MAX DISTANCE) ;
ZumoMotors motors;

long duration, distance;

void setup () {

pinMode (13, OUTPUT) ;
pinMGde(TRIGGER_PIN, OUTPUT) ;
pinMDde(ECHO_PIN, INPUT) ;
Serial.begin(9600) ;

}

void loop () {

digitalWrite (TRIGGER PIN, LOW);

delayMicroseconds (2) ;

digitalWrite (TRIGGER PIN, HIGH);

delayMicroseconds (10) ;

digitalWrite (TRIGGER PIN, LOW);
duration = pulseIn (ECHO PIN, HIGH);

//RFEEFHREETHEES (cm)

distance = duration/58.2;
Serial.println(distance);
motors.setRightSpeed (100);
motors.setLeftSpeed (100);
delay (200) ;

1f (distance <= 20) {

digitalWrite (13, HIGH); //#—%

motors.setLeftSpeed (-300) ;
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motors.setRightSpeed (100);

delay (200) ;

lelse(
digitalWrite (13, LOW);

motors.setLeftSpeed (100);
motors.setRightSpeed (100);
delay (200) ;

}
}

FEREFIRAF N ch04 01, )5 LARFEFP 2] Arduino 4.

HLAE AT LAFTHT Pololu Zumo robot, FEHLAF AJBE 5 B A & KM E A2 5 A] LA
[ERG o

BT

B, & NXIF Ultrasonic R pins:

#define TRIGGER PIN 2

#define ECHO PIN 4

#define MAX DISTANCE 600

NewPingsonar (TRIGGER PIN, ECHO PIN, MAX DISTANCE) ;

1E setupORREHE, #% TRIGGER PIN 1 A#it, ECHO PIN & A :

pinMode (TRIGGER PIN, OUTPUT) ;
pinMode (ECHO PIN, INPUT);

SRJ5, iEIiE TRIGGER PIN | #{55. ZJ5, tHHELE ECHO PIN b [#F&EHT [a]:

digitalWrite (TRIGGER PIN, LOW) ;

delayMicroseconds (2) ;

digitalWrite (TRIGGER PIN, HIGH);
delayMicroseconds (10) ;

digitalWrite (TRIGGER PIN, LOW) ;
duration = pulseIn(ECHO PIN, HIGH);

¥ Ultrasonic FEIRIFIFFEENT [AEIT BRLL 58.2 AR, XMELETHENIERE
(GEE

distance = duration/58.2;



B4z HIEAZNILEE * 109 -

AR ANEE B /N T 20em, HLEs ARLiZ[A) 23S o AT DMBESHLEE N\ iZ B A N ) 52

1f (distance <= 20) {
digitalWrite (13, HIGH); //¥—A KA
motors.setLeftSpeed (-300) ;
motors.setRightSpeed (100);

delay (200) ;

lelse(
digitalWrite (13, LOW);

motors.setLeftSpeed (100) ;
motors.setRightSpeed (100);
delay (200) ;

}

i i+ F A R AL £

AT LR H SR AN 4 o SRR T LU 4 LB % & RIVTENE . 72

HHLAPLES & £ & & B — M BE R 58 AR S .
AT RAE Pololu Zumo robot MITHE ML 2 [R]SEHE S, N E 4-13 Fras. BEEH

BB N E oLtk -
‘ HEL
{7

K 4-13
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HAERY, XEMEHET HC-06, —NRTERKE, XFREEKZIET UART #HY
W5 . HC-06 M AR SLE, 1] LAE www.banggood.com. eBay. www.dx.com HI
AliExpress L2,

HC-06 fEA T 4 M pins:

aQ VCC

d GND

d Rx

d Tx

— M HC-06 fR N1 4-14 Bz,

& 4-14

X B {8 A SoftwareSerial £ (https://www.arduino.cc/en/Reference/SoftwareSerial ) 114
7 HC-06 i85 . XMFESCHF AVR MCU #b, {HR2 4R fE % T Arduino 7 ARM MCU,
i1 Arduino 101 A1 Arduino Zero, i/ Ref#H] SoftwareSerial JE .

XfF Arduino Leonardo, A2 HIEF pins Be# FHTE SoftwareSerial . A LATE
SoftwareSerial & )R %t A
EIX 19, B I 2 Pololu Zumo robot /£ A B #iiAik ) Arduino Uno R3.
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T E X Arduino (7 pins 2 Hl1 4 fEJ8 Rx Ml Tx, XAFEA] LAFE Pololu Zumo robot i
L R 4 RO 72 21 F HC-06 BB

TTEﬁﬁ%—*ﬁ‘i%éﬁﬁﬂ€F:

Q % HC-06 VCC AT 5V.

Q &7 HC-06 GND #E# AT 4R GND.

Q ¥ HC-06 Rx ERATHLER L/ pin4 (Tx) &

Q ¥ HC-06 Tx ERFTMHZatR EF pin2 (Rx)

IWAE R BLZE Pololu Zumo robot 4%’5 Sketch F2/%. T Arduino IDE 3H4w’5 PL TS

#include <ZumoMotors.h>
#1nclude <SoftwareSerial.h>

//D2 >>> Rx, D4 >>>Tx
SoftwareSerialbluetooth (2, 4); //RX, TX
charval;

ZumoMotors motors;

void setup () {

Serial.begin (9600) ;

pinMode (13, OUTPUT);
bluetooth.begin (9600) ;
Serial.println ("Bluetooth On..");

}

void loop () {

1f (bluetooth.available ()) {
digitalWrite (13, HIGH);
val = bluetooth.read();

Serial.println(val);

if(val == "1" ) {

motors.setLeftSpeed (-300) ;

motors.setRightSpeed (100);

Serial.println("turn left");
}

1if(val == "r' ) {

motors.setRightSpeed (-300) ;

motors.setLeftSpeed (100) ;
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Serial

}
if(val

motors.

motors

Serial

}

B REVNER I I3 H I R Sk
.println ("turn right");

== 'f' ) |
setLeftSpeed (100) ;
.setRightSpeed (100);

.println ("forward");

digitalWrite (13, LOW);

}

delay (200) ;

}

AR ORAFA ch04 02, R J5 _EAZE%| Arduino AR .

EirHEILE

N, ERFRER,

JLACHE F HC-06. iX B A& R 1HHEAL

UCACHE F HC-06. UM

W iZ Al LLE 3 F HC-06 EE FHEH,

< il Bluetooth

JBL Clip+
Q Not Connected

KB-2600
N 520

9 raspberrypl
Jot Connectead

Bluetooth: On

Turn Bluetooth Off 9 HC-06 Pair
Now discoverable as
“akumbp”
Show Bluetooth in menu bar Advanced... 7
K 4-15
FHEaULECIE F HC-06, ERIARIBCXT 20D 2 1234, Gl 4-16 Fras,

WNHRE R HC-06 ZHERZRITHHEML, AR ARECAEI) 1, WE 4-17 s,

4-15 fif
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Bluetooth

~mm  Enter the code shown on “HC-06" to pair it with this Mg
Mac.
See the documentation that came with your Bluetooth device if you
don't know the code or are having trouble pairing.
Code: 1234
cancel | (AN
HC-06 : .
Turn Bluetooth Oft 9 b, Passkey entered did not mat :‘_IDD'[IOI"IS... Pair
Now discoverable as
“akumbp”
Show Bluetooth in menu bar Advanced... ?
K 4-16
] < Bluetooth
Devices 3.
HC-06
LConnected
\ JBL Clip+
k_ Mot Connected
Q KB-2600
I Mot Connecled
Bluetooth: On e fﬂEDbEFT}'D]
Turn Bluetooth Off Not Connected
Now discoverable as
“akumbp”
Show Bluetooth in menu bar Advanced... ?

K 4-17

PLAE AT ABE HC-06 [RIEEATH . Ear T EM AN T a2

S 1s /dev/cu*

THEE HC-06 #4170, FATHEAL_ AN 22 /dev/cu.HC-06-DevB, N

fis. MERERF R

113

bd

4-18

IAER] A%wE Python 27K V5n HC-06 H¥m . X EAEH pyserial FE https:/pypi.

python.org/pypi/pyserial K5 7.



« 114+ B Be ek I B T A SE AR

i = ‘3 agusk — -bash — 80x9

agusks ls /dev/cu*

/dev/cu.Bluetooth-Incoming-Port /dev/cu.usbmodem1411l
/dev/cu,.HC-06-DevB

agusks

Kl 4-18

AT CAF @R a2 R A IX A

$ pip install pyserial

A 1] Be 75 AL HI A0 sudo.
T E% S Python F2/F. AW FACHE:

import serial

serial hc06 = '/dev/cu.HC-06-DevB'

counter = 0

print ('open ', serial hc06)
hc06 = serial.Serial(serial hcO6, 9600)

while True:

Cry:

# python 3.x

#c = input('>> ')

# python 2.7.x

c = raw input('>> ')
if ¢ == 'gq':
break

hcO6.write (c)

except (KeyboardInterrupt, SystemExit):
hcO6.close ()

railse

print ("Exit"')
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A B 75 B serial he06 WIEMB M AT HC-06 BIREIHF 1T 0. EARERERN
ch04 03.py. RIFIEITIEfT:

$ python ch04_03.py

FEMSITERE “>>7 J5, AflEA . 1/ f, 2HREBERARE. REZNEIT.
BN QI BHERER. B 4-19 fias— b,

O & codes — -bash — 80x20

.agusk$ python ch®4_03.py

(‘open ', '/dev/cu.HC-@6-DevB')
>>
>>
>>
>>
>
>>
>>
>> q
EX1T
agusk$ |

-5 Ta —h o~

& 4-19

I Arduino HUERER| 7 HEAL, v LUEM & OIS MEE 3] Arduino £ITHIEE,
BRI 2t R M BN ERIERI 2
& 4-20 P2 £ 1 WS V28— S 43

@0 /dev/cu.usbmodem1411 (Arduino/Genuino Uno)

| Send

Bluetooth On..
P

turn right

1
turn left
.I'_'
forward
g
h
r

turn right

.F
forward

Autoscroll Both NL& CR & = 9600 baud ¢}

A 4-20
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AANE1T
e e E RS E T ——Arduino MliHHENL. Wi Pololu Zumo robot [

Arduino HUEIL W A REWCR B i EALR 2 .
£ Sketch F£ /7 B € M & ShALATEE T Ak

SoftwareSerialbluetooth (2, 4); //RX, TX

charval;

ZumoMotors motors;

2% Pololu Zumo robot ¥ FERFMNEF KX LRI WL . RS2, PasEKS
H¥e, XM, e ISP ELR, BEla4 fNsEE:
1if (bluetooth.available ()) {

digitalWrite (13, HIGH) ;
val = bluetooth.read() ;

Serial.println(val);
if(val == "1" ) {
motors.setLeftSpeed (-300) ;
motors.setRightSpeed (100);
Serial.println("turn left");
}
if(val == 'r' ) {
motors.setRightSpeed (-300) ;
motors.setLeftSpeed (100) ;
Serial.println("turn right");
}
if(val == "f' ) {
motors.setLeftSpeed (100) ;
motors.setRightSpeed (100);
Serial.println (" forward");
}
digitalWrite (13, LOW);
}

ETHEHn B9 S —4> Python F2F¥, XAMFEFF S STIBE AT DR BIRS RF . 1E
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T A48 F pyserial JFE SR 0] #2471
B X —A HC-06 (& 47 0, B LAFE HC-06 At SN F &t 2 Ja 3R\ XA~ &
T,
serial hc06 = '/dev/cu.HC-06-DevB'

counter = 0
print ('open ', serial hc06)
hc06 = serial.Serilal(serial hc0O6, 9600)

FATOITI G, tHEANSERH A, —ERGRA, Bl eErESHITH:

# python 3.x
#fc = input('>> ")

# python 2.7.x

c = raw lnput('>> ")

HPRIANTA q 1B .

1% J§) GPS A3k -F AL

GPS e — AT L\ R ERGHFE ML BRI . GPS EEINEM ML ik, —&E
BT RS GPS ALH

TR GPS IRBUGRBM B R, MERENSEEE A RERTHEN 5.

fi i U-blox NEO-6M K WM EE R KK EE R . X675 R R G2
FREHLHC-06. THENLEIT R BYLEE 4K GPS #¥E. GPS Rl Tt &4 B AL R

A LAM dx.com Chttp://www.dx.com/p/gps-module-w-ceramic-passive-antenna-for-raspberry-
pi-arduino-red-384916) M uf E K U-blox NEO-6M. X MHRMIR{EH , &) PATE
Banggood. eBay ll AliExpress | Jl43K .

WP 4-21 Fras 2 U-blox NEO-6M &L H— N7

U-blox NEO-6M $&fft TTL i MEIRTGEHE . FIOVREI) GPS 2R indidis, Pl
H—/~ GPS AN 8% . 1 TinyGPS FE (https://github.com/mikalhart/TinyGPS) K4
i5 GPS ¥z . T TinyGPS S22 5T BN E| Arduino FEH .

F—rmtiEGRe], WA 4-22 Pior.
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K 4-21

GND GND

Bluetooth Arduo

Tx

11 Rx

Kl 4-22

MEEELLIT .
Q BEAEDR, B MER:
> WA VCC iEH#:E| Arduino 5V,
> W57 GND &2 Arduino GND.
> W Tx #E# 3| Arduino pin 2,
> W Rx i%E#22 Arduino pin 4.
O GPS &S, HUFER:
» GPS VCC ##23| Arduino 5V,
> W7 GND &2 Arduino GND.
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> WA Tx iE# 3| Arduino pin 5.
> WA Rx %R F| Arduino pin 11,
> HF PPS i#&#:3] Arduino GND.
T — & Arduino FmEREF. T Arduino IDE, @501 T Sketch Y :

#1nclude <SoftwareSerial.h>
#include <TinyGPS.h>

//D2 >>> Rx, D4 >>>Tx
SoftwareSerialbluetooth (2, 4); //RX, TX

//D5 >>> Rx, D11 >>>Tx
SoftwareSerialgps (5, 11); //RX, TX
charval;

TinyGPSgps mod;

void setup ()
Serial.begin(9600) ;

pinMode (13, OUTPUT);
bluetooth.begin (9600) ;
Serial.println ("Bluetooth On..");
gps.-begin (9600) ;
Serial.println("GPS On..");

}

void loop () {
boolnewData = false;
unsigned long chars;

unsigned short sentences, failed;

/ /%8 3s EE—IK GPS (L B
for (unsigned long start = millis(); millis() - start < 3000;) {
while (gps.available()) {
char ¢ = gps.read();
//Serial . .println(c);
if (gps mod.encode (c))

newData = true;

}

1if (newData) {
float flat, flon;
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unsigned long age;

digitalWrite (13, HIGH) ;
gps mod.f get position(&flat, &flon, &age);
print data ("LAT=");

print num data(flat == TinyGPS::GPS INVALID F ANGLE ? 0.0 : flat, 6);
print data (" LON=");
print num data(flon == TinyGPS::GPS INVALID F ANGLE ? 0.0 : flon, 6);

print data (" SAT=");

print num data(gps mod.satellites() == TinyGPS::GPS INVALID SATELLITES
? 0 : gps mod.satellites());

print data (" PREC=");

print num data (gps mod.hdop() == TinyGPS::GPS INVALID HDOP ? O
gps mod.hdop () ) ;

break line();
digitalWrite (13, LOW);
}

voldprint data(char msg[30]) {
Serial.print (msqg);
bluetooth.print (msqg) ;

}

volidprint num data (float msg,int n) {
Serial.print (msg, n);
bluetooth.print (msg, n);

}

volidprint num data (intmsg) {
Serial.print (msqg) ;
bluetooth.print (msqg) ;

}

voidbreak line() {
Serial.println("");
bluetooth.println("");

}

R FRAF N ch04 04,

IR G Al PL4m iR 4% 3] Arduino . 2 Arduino AR HN % Pololu Zumo robot.

EFENL L, Nz HC-06 it HHLWE T &R, XEZARETH LN AL
1o BT, EEH ISR BN LR N/ dev/cu. HC-06-DevB.

IAES S —™ Python #27K i Wr A\ Arduino B K GPS 4 .
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ALY (I

import serial

import sys

serial hc06 = '/dev/cu.HC-06-DevB'

counter = 0

print ('open ', serial hc06)
hc06 = serial.Serial(serial hc0O6, 9600)
print ('read data from gps')
while True:
try:
c = hcO6.read (1)
if ¢ 1= "':
sys.stdout.write (c)
sys.stdout.flush ()

except (KeyboardInterrupt, SystemExit):
hcO6.close ()

ralse

print ('"Exit')

2 serial ho06 (¥ {E HCARIE F R ) HC-06 [958 051D, SRJFRIFFZFA chod 05py.
IEAT I F A A AT IR
$ python ch04 05.py

E LR Arduino ARAL T FTHIRES
R —Y)EF], NiZ 22 0] AW Arduino 83 8 F K IiE K1 GPS 35 T . & 4-23
s — N EF B .

® ® codes — python ch04_05.py — 80x20

agusks$ python ch@4_@5.py

(‘open ', '/dev/cu.HC-06-DevB')

read data from gps

LAT=-7.288106 LON=108.195365 SAT=10 PREC=87
LAT=-7.288107 LON=108.195365 SAT=11 PREC=74
LAT=-7.288111 LON=108.195373 SAT=11 PREC=74
LAT=-7.288119 LON=108.195365 SAT=11 PREC=74
LAT=-7.288127 LON=108.195365 SAT=11 PREC=74
LAT=-7.288125 LON=108.195358 SAT=11 PREC=74
LAT=-7.288122 LON=108.195358 SAT=11 PREC=74
LAT=-7.288122 LON=108.195358 SAT=11 PREC=74

& 4-23
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B REPDIR T H TR SEd%

W Arduino 2 USB MIitENLER:, ATUMEAHSE DR TEFZIEE.

& 4-24 oA g O AL Es ) — AN s Bl H

fdev/cu.usbmodem1411 (Arduino/Genuino Uno)

Send

|LAT=-7.
|LAT=-7.
LAT=-7.
LAT=-7.
LAT=-7
LAT=-7
LAT=-7.
LAT=-7.
|LAT=-7.
LAT=-7.
LAT=-/.
LAT=-7.
|LAT=-7.
LAT=-7.

288098
288098
288101
288098

.288103
. 288106

288107
288111
288119
288127
288125
288122
288122
288127

LON=108.
LON-108.
LON=108 .
LON=10@8 .
LON=108 .
LON=10@8 .
LON=108 .
LON=108 .
LON=108 .
LON=108.
LON-108.
LON=108 .
LON=108 .
LON=108.

195388
195388
195381
195381
195373
195365
195365
195373
195365
195365
195358
195358
195358
195350

SAT=11
SAT=12
SAT=127
SAT=12
S5AT=11
SAT=10
SAT=11
SAT=11
SAT=11
SAT=11
SAT=11
SAT=11
SAT=11
SAT=11

PREC=7/1
PREC=69
PREC=69
PREC=69
PREC=74
PREC=87
PREC=74
PREC=/4
PREC=74
PREC=74
PREC=74
PREC=74
PREC=74
PREC=74

Both NL & CR 9600 baud

Autoscroll H

K 4-24
WA[ELT
AT AR VPR Z T E A 6+ —FE, BEaEX MM+ 58, %4 Pololu Zumo robot %

SAININ—A~ GPS k. A7 i M EE &KW GPS £idE, XEMEMH T TinyGPS FE. H
%G, 7E Pololu Zumo robot ] pins 5 Al 11 & X GPS f&ik:

/ /D5 D11
SoftwareSerialgps (5,

>>> Rx, >>>Tx

11); //RX, TX
charval;

TinyGPSgps mod;

£ setupO BRI EUE VIR I I GPS #8R, B A4S X R

void setup ()

Serial.begin (9600) ;

pinMode (13, OUTPUT) ;
bluetooth.begin (9600) ;
Serial.println ("Bluetooth On.
gps-begin (9600) ;

)

Serial.println("GPS On.."); }
M GPS FiBR b 4F 3s RN — IR B #E, XANEIT loop() BRI FSKHN
for (unsigned long start = millis(); millis() - start < 3000;) {

while (gps.available()) {
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&g
BB

char ¢ = gps.read();
//Serial.println(c);

if (gps mod.encode(c)) newData = true;

}

B2 20 GPS 085, A TinyGPS FEHEATMENT, SRGIEE BIHEEE &
fE Al Arduino & [ serial port.

1if (newData) {
float flat, flon;

unsigned long age;

digitalWrite (13, HIGH);
gps mod.f get position(&flat, &flon, &age);
print data ("LAT=");

print num data(flat == TinyGPS::GPS INVALID F ANGLE ? 0.0 : flat, 6);
print data (" LON=");
print num data(flon == TinyGPS::GPS INVALID F ANGLE ? 0.0 : flon, 6);

print data (" SAT=");

print num data (gps mod.satellites () == TinyGPS::GPS INVALID SATELLITES

? 0 : gps mod.satellites());

print data (" PREC=");

print num data(gps mod.hdop() == TinyGPS::GPS INVALID HDOP 2 O
gps mod.hdop());

break line();

digitalWrite (13, LOW); }

ETHE AL, T HC-06 UUFC #5475 H

serial hc06 = '"/dev/cu.HC-06-DevR'

counter = 0

print ('open ', serial hc06)
hc06 = serial.Serial(serial hc06, 9600)

—Hig DT, BERFaFAEXRBETFNHEE. RABZWEHER, BEHFaLAI4T
B[ 21 2% g o

c = hcO6.read(1l)

1if ¢ 1= "':
sys.stdout.write (c)
sys.stdout.flush ()
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BB TN FEFE

AT AR GPS #iiE, AICAE A . B4 EME ERERFE B E,  wia] PAHED
WE RN E.

AT LU B T B SR AT AR AL GPS Bl « A58 22 S il H b K 51 ZF & Google
Maps API. XANEENTEHE Er[#R4L GPS £t VIR 21k $E. 7T LATj IRl Google Maps
API H)EJ7Muk (https://developers.google.com/maps) FiKHE 215 K.,

AL+ B, 7E Python 2% B A Google Maps API. X B {# A Flask FE{EA
Web - &AHESE . 1] LATE http://flask.pocoo.org H1#K 2| Flask .

BT pip A 7ETHEHLELE Raspberry Pi | %23 Flask

$ pip install Flask

o 2R TR B AR 22 5e, BUE AT 2 I 7SN sudo. £ Windows “F &, A LALLEH
REMIEIT L EH.
SR G — M HL A Flask M gpsapp.py. fIAM T A5

$ mkdirgps web

$ cdgps web
$ nano gspapp.py

Al LATE gpsapp.py S AL S

from flask import Flask
from flask import render template

from flask import jsonify

app = Flask( name )

@Qapp.route('/hello’')
defhello world() :

return 'Hello, World!'

RAEFIEFF, AW N BITIERF:

$ export FLASK APP=gpsapp.py
$ python -m flask run
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FEFFERINZIZATAE 5000 ¥ 1, B LAFTHF3 %548 317 0] http://localhost:5000/hello, <=
EN s EEF] “Hello, World!” .
& 4-25 PN w48 & 2 — bl

[ ® (< ] localhost e (4] 0 (7 S

Hello, World!

Kl 4-25

FEREF % m b, ATUAE R B WA HTE R R . ] 4-26 Frs 2 78 & m ) — 4
ZN ki TH

® 0 gps_web — Python -m flask run — 80x20
agusk$ python3 -m flask run

* Serving Flask app "gpsapp"

* Running on http://127.0.0.1:5000/ (Press CTRL+C to quit)
127.0.0.1 - - [06/Jul/2016 20:50:41] "GET /tracking HTTP/1.1" 200 -
127.0.0.1 - - [06/Jul/2016 20:50:42] "GET / HTTP/1.1" 200 -
127.0.0.1 - - [06/Jul/2016 20:50:42] "GET /hello HTTP/1.1" 200 -
127.0.0.1 - - [06/Jul/2016 20:50:43] "GET /hello HTTP/1.1" 200 -
f

@ 4-26
N— f —
WAL T

EREFH, gpsapp.py XAFEE XL T — M H/hello H HXF1E KR [B] “Hello World!”
FRFE

@app.route('/hello")
defhello world():
return 'Hello, World!'
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Ak S AE A gpsapp.py BEAE A R
ERE P MR B Al E — template XX, AREHE —1XHF index.html, 7E
index.html X 4 B 5 3t a0 F A

<l!doctype html>

<html lang="en">

<head>

<title>Google Maps Demo</title>

<meta name="viewport" content="initial-scale=1.0, user-scalable=no" />

<scriptsrc="http://maps.google.com/maps/api/js?sensor=false"></script>
<script>
var map;
function initialize () {
varmyCenter = new google.maps.LatLng(52.524343, 13.412751);
map = new google.maps.Map (document.getElementById ('map"'), {
zoom: 9,
center: myCenter,
mapTypeld: google.maps.MapTypeld.ROADMAP
b
var marker=new google.maps.Marker ({
position:myCenter

1)

marker.setMap (map) ;
}
</script>
<style>
body {font-family: sans-serif}
#map {width: 640px; height: 480px}
</style>
</head>
<body onload='initialize () '"'>
<div id=map></div>
</body>
</html>

R A 25383 JavaScript INEGA LB API. #5818 — google.maps.Map X &,
HAEN—ANRLE AR, 10 52.524343, 13.412751, 48R W] LARH & F oX ANl , R
F google.maps.Marker X} R 1EZ2 2 B AL BRI B A I — M Rid

IAEAE L gpsapp.py KAHFASINI— RN EEH . 40T & gpsapp.py X AF I TEEE AR .
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from flask import Flask
from flask import render template

from flask import jsonify

Flask ( )

app __name

@app.route('/hello")
defhello world() :

return 'Hello, World!"

@app.route('/")
def i1ndex (name=None) :

returnrender template('index.html', name

=name)

3 5 38 5
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W ¥

IAE W] DAFE K BLIB 4T gpsapp.py XM T . EEHTH

-7 17)  http://localhost:

5000/, iEHARTTHEALEREMZ, FAFER index.html FFE15 KA IH & APL.
iy
W 4-27 Frs & AERE PP A2 00 0 2% B s 15
L ® O localhost O e
Map Satellite ff\'\/‘\'
HEH Latvia
North Sea
Copenhagen e J
Denmark . Lithuania
- WQ"*S
: AN
Hamburg d )
O
B
Amstgrdarn C)/ Béflin Puland Wa;saw
3 Eﬂn Netherlands "
Lﬁ?ugsels Cﬂi%q"‘f Germany
Belgium Franctcfurt
Luxembourg -
: Czech Republic v\
Paé'_rs
Mugi:h ”'egni\ Slovakia k-
Austria Budapest £l
France Sw“zeﬂanm i Hungar'f . hi:
Cﬁar}:‘a{; 22016 GeoBasis-DE/BKG (£2009), Google, Inst. Geogr N*J:;Fé‘x':a'pa“l?ael QORION MF Terms of Use  Reparta-map-arro

K 4-27
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H4E K T GPS 89 &

EZ R ET B, FA1%%E T W{e7E Python 27 BA# A Flask FE V7 RISk W
TEW; 456 Z B 1E Pololu Zumo robot _F12HY GPS ¥ i &11H .

EFEFF M Arduino E2EX | GPS £, " LAKIE GPS K4 2] Web 5545

BHt, 1B gpsapp.py SR LEL GPS £i#E . 7T ULE#E M GPS S IEE fE 1T H
AL A Ta) A R A s E

7E get gps dataQRREHE E— M ESH .. XA REA] DU 2] 1iE{E "hardcoded" IR . &
M GPS 152 lat val #1 long val, get gps data()RfiR[F|—-~ JSON #&NHMEH. X[FEF
gspapp.py X F] T RESTful ARSS IR .

'k /& gpsapp.py #2771 58 A

from flask import Flask

from flask import render template

from flask import jsonify

app = Flask( name )

@app.route('/hello")
defhello world() :
return 'Hello, World!'

@app.route('/")
def index (name=None) :

returnrender template('index.html', name=name)

@app.route('/tracking')
def tracking (name=None) :

returnrender_template('tracking.html', name=name)

@app-route('/gps', methods=["'GET'])
defget gps data() :

4 BRI TR W GSM. WiFi. Bluetooth MALES A KRB 5
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lat val = 52.524343
long val = 13.412751

returnjsonify(lat=lat val, long=long val)

RAFREFF o

TR~ HIML XX . #E—A X tracking.html, FFEEHF] templates
AR

A index.html BA[FH) &, tracking.html BESGERMEREHKS % BRATEFR A
iQuery MRS 233K BUEHE . @it setInterval() Bk ¥i%E 5s 17 ] —ik RESTful AR :

<ldoctype html>
<html lang="en">
<head>
<title>Robot Tracking Demo</title>
<meta name="viewport" content="initial-scale=1.0, user-scalable=no" />
<script
src="https://ajax.googleapis.com/ajax/libs/jquery/1.12.4/jquery.
min.js"> </script>
<scriptsrc="http://maps.google.com/maps/api/js?sensor=false"></script>
<style>
body {font-family: sans-serif}

#map {width: 640px; height: 480px}
</style>
</head>
<body>
<div id=map></div>

<script>
var map;

varisLoading = false;

functionload maps (lat, long) {
varmyCenter = new google.maps.LatLng(lat, lonqg);
map = new google.maps.Map (document.getElementById('map"'), {
zoom: 9,
center: myCenter,
mapTypeld: google.maps.MapTypeld.ROADMAP
b);
var marker=new google.maps.Marker ({

position:myCenter

b);
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marker.setMap (map) ;
isLoading = false;

}

setInterval (function () {
if (!isLoading) {
isLoading = true;
$.getJSON("/gps", function (result) {
load maps (result.lat, result.long);

1)

}

}, 5000);
</script>
</body>
</html>

IRIFAEFT o

IAER] LLIzATRE #3515 A http://localhost:5000/tracking, MNi%Z A] LAE 2| —ANF 1E R
PRIER SRR . TUTEIRE 5s RlET—IK.

PR L0 N TE G A1 B 0 WS 1B B2 2. AT LA — ANt SR HI L8 208 2 1]
DAERNZE 2T —.

HAE B AL &

PREHIENLSS ERAM R C L B4 T . BIER AT B SR FHRKRHIE. /77T BL]
fE— B e EESFSH BN, 2001, —PMEZREVAH%E. AT LA
Ultrasonic 5K Ml AT o

EEEER, HIE—DEEWRAENEE N EKHIE MR S THE SRS — Wik
PLASZEVT R B A RS . O THLa EEAHE], SR LA —> microSD RAFf#ETS 1 B%,
Al LU A e 77 25| L8 25 — 2R R

& —7% iRobot http://www.irobot.com/For-the-Home/Vacuuming/Roomba.aspx %k | K]
—/> Roomba HJ#F. W& 4-28 Fr7s/& Roomba robot F IiE Vi B2 H V%

FlEEAZ “SIH” #HoRRL 4, 5, 6) RIWEMEAETIBEIBRER R,

IS 5 AR KA A IR 4%, A] LAPh R dlENL a8 = HORE R TT
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STAIRS

Sk https://www.irobot.com/

K 4-28
~
A 2E

AT, Z3H | —BHEENSEREERT AR, WRER 7 —8h8 AGIEmRE 5K
&, BAEFE 7 HFp—F & Pololu Zumo robot for Arduino 1EN%:>], bENZSE L4
GV IR . e — P EEH, dfe L E 5 5 B API KIEFEENLAS 4 .

£ 5 &, KF ] WrEYERM I H BERIEE TR

71 A

TR —SHEERIR S BIEMMNEE, EETLU TREZRTAERNE.
1. Meystel, A.: Intelligent Control: A Sketch of the Theory, 1. Intelligent and Robotic
Systems, Vol. 2, 1989, pp. 97-107.
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2. Autonomous Robotic Systems. Lecture Notes in Control and Information Sciences,
Springer, 1998.

3. Advances in Intelligent Autonomous System. International Series on MICROPROCESSOR-
BASED AND INTELLIGENT SYSTEMS ENGINEERING, Vol. 18, Springer Science + Business
Media Dordrecht, 1999.

4. K. M. Hasan, Abdullah-Al-Nahid and K. J. Reza, Path planning algorithm development
for autonomous vacuum cleaner robots, Informatics, Electronics & Vision (ICIEV), 2014
International Conference on, Dhaka, 2014, pp. 1-6.

5. Sewan Kim, Autonomous cleaning robot: Roboking system integration and overview,
Robotics and Automation, 2004. Proceedings, ICRA '04.2004 IEEE International Conference
on, 2004, pp. 4437-41 Vol. 5.

6. Ryo Kurazume, Shigeo Hirose, Development of a Cleaning Robot System with
Cooperative Positioning System in Autonomous Robots (2000) Volume 9, Issue: 3, Springer,
pp. 237-46.

7. Flask, http://flask.pocoo.org.

8. Google Maps API, https://developers.google.com/maps.
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N IEEFERHIAAE, HTEEAETRBSOR, XA XAERES, NFHE
IEE SRR . AP EIE T RAAIES SRR E R NBE A~ MG T 5%, H
il Z LR [ S AH SR B

ERFEN, RFEAUTEDRM G FAEE AL = H AR .

EZAERR AR B

FEAUREANE. . REF. N TAEFESEEE, HhALHEERENDEL
NENUNBFIE N ZAF LA O s i 1 5 2 R EOR SEIL, o fa] B ) 5 & A e 2 el
ez M, Z 5 KA LS sRARE Y A 83 R TR

O F v AR BOE R BB M F £, W0 Arduino 1 Raspberry Pi. HH iz —,
40 Electret Microphone Breakout (R4l 4 https://www.sparkfun.com/products/12758) , X~
A 3 /> pin i O: AUD, GND I VCC, W 5-2 ffiw.

K 5-2

Bik—2, AU PREESERE S, —MEERE TR AR EEEE, WLIE
A PR A AR N E R B A & AT LUB A U S Bl E PWM pin KIEEF pin KA RLH
Ho —] T yEng SRR breakout fEt. WK 5-3 Frosg — MRS A8 IR 28 IR o

WENG SR H 2 — DB IREN A, R R AN E DR EE B4R, ATLMER A
REANAAAE S M EE W L5 AR B 5 K 2. FBFHAE Sparktun EX 7 —4>, MHEN
https://www.sparkfun.com/products/11089, #1& 5-4 Fii~.

N T IREUE B S AR Es IR s e 2%, T mgs B — Ml Pe e SRR E 6.

TEIX/ME 7 B, 4 e el f A 75 B 4% 1 8% Electret 22 50 MU S &R FE I« 1X
NEERRIEA] LEFREEAK, SE . M) EE HoAh BE A% B A 1 B B 2 95 K FE & o
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Rk as 0 i H R AR IME, XA MCU A] Bl — A0 2 K 5 e 24T 5

& 5-3

& 5-4

N XA R ) — RS
QO  Arduino .
Resistor 330 Ohm.
Electret Microphone Breakout, M1k’ https://www.sparkfun.com/products/12758,
10 4~ Segment LED Bar Graph -2, M4k5 https://www.sparkfun.com/products/
9935, AILAMEFMEREE.

A] PAf# A Adafruit Electret Microphone Breakout ¥~ Il %] Arduino R F. = W
https://www.adafruit.com/product/1063.

U000
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B REPDIR I H TR SER

AT RS, F& 2T N AEL:

4

U OO0

E % Electret Microphone AUD pin #| Arduino A0 pin.

%% Electret Microphone GND pin %] Arduino GND pin.

%% Electret Microphone VCC pin | Arduino 3.3V pin.

73 7E#E 10 Segment LED Bar Graph pins 2! Arduino digital pins: 3, 4, 5, 6, 7, 8, 9,
10, 11, 12,

A PR W 5-5 Fiios.

X

fritzing

& 5-5
10 MSZH) Led Bar Graph BB RARE HiRE KA. 7E Arduino 7] LLH

analogRead() BRI EL M\ AP A% B AR L BV U S A analogRead()iR [F[{H 9 0~1023.
A E H B A2 3.3V, KA Electret Microphone Breakout i 23] 3.3V i) VCC.

XEE, AILLAREAS led bar 5 E 3.3/10 =033 fHE. Z— led bar #i%EHE 3] Arduino £
H pin 3.



BUE ] LLSCE sketch F2 7 R IEHUS F HU5R A, 2R AR

Graph.

N IREUEERE, NG pin BEEUS FHIN . R EEF L —BURFIR], IY4E
KB DEFE], 0 250ms. fEIXEES A1, GRIBMMANEE (&AE , XN EE
BARNE = & HIME.

}

IR SR . 9TF
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/ /R TERRRAEEE O K/ (250ms, AT 4Hz)

const int sampleWindow = 250;

unsigned int sound;
int led = 13;

void setup()

{

Serial .begin (9600) ;
pinMode (led, OUTPUT) ;

pinMode (3, OUTPUT);
pinMode (4, OUTPUT) ;
pinMode (5, OUTPUT) ;
pinMode (6, OUTPUT);
pinMode (7, OUTPUT) ;
pinMode (8, OUTPUT);
pinMode (9, OUTPUT) ;
pinMode (10, OUTPUT) ;
pinMode (11, OUTPUT) ;
pinMode (12, OUTPUT) ;

void loop ()

{

unsigned long start= millis();

unsigned int peakToPeak = 0;

unsigned int signalMax = 0;

unsigned int signalMin = 1024;

/ I FFERRER 2505

while (millis() - start < sampleWindow)

{

sound = analogRead(0) ;

L7 4% 10 Segment Led Bar

- Arduino IDE, 50T Sketch 2% -
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1f (sound < 1024)
{

if (sound > signalMax)

{

signalMax = sound;

}

else if (sound < signalMin)

{

signalMin = sound;

}
}

peakToPeak = signalMax - signalMin;
double volts = (peakToPeak * 3.3) / 1024;

Serial.println(volts);

display bar led(volts);

vold display bar led(double volts)

{
display bar led off();

int index = round(volts/0.33);
switch (1ndex) {
case 1:
digitalWrite (3, HIGH);
break;
case 2:
digitalWrite (3, HIGH);
digitalWrite (3, HIGH);
break;
case 3:
digitalWrite (3, HIGH);
digitalWrite (4, HIGH);
digitalWrite (5, HIGH);
break;
case 4:
digitalWrite (3, HIGH);
digitalWrite (4, HIGH);
digitalWrite (5, HIGH);
digitalWrite (6, HIGH);
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break;

case J:
digitalWrite (3, HIGH);
digitalWrite (4, HIGH);
digitalWrite (5, HIGH);
digitalWrite (6, HIGH);
digitalWrite (7, HIGH);
break;

case 0:
digitalWrite (3, HIGH);
digitalWrite (4, HIGH);
digitalWrite (5, HIGH);
digitalWrite (6, HIGH);
digitalWrite (7, HIGH);
digitalWrite (8, HIGH);
break;

case /:
digitalWrite (3, HIGH);
digitalWrite (4, HIGH);
digitalWrite (5, HIGH);
digitalWrite (6, HIGH);
digitalWrite (7, HIGH);
digitalWrite (8, HIGH);
digitalWrite (9, HIGH);
break;

case 8:
digitalWrite (3, HIGH);
digitalWrite (4, HIGH);
digitalWrite (5, HIGH);
digitalWrite (6, HIGH);
digitalWrite (7, HIGH);
digitalWrite (8, HIGH);
digitalWrite (9, HIGH);
digitalWrite (10, HIGH);
break;

case 9:
digitalWrite (3, HIGH);
digitalWrite (4, HIGH);
digitalWrite (5, HIGH);
digitalWrite (6, HIGH);
digitalWrite (7, HIGH);
digitalWrite (8, HIGH);
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digitalWrite (9, HIGH);
digitalWrite (10, HIGH) ;
digitalWrite (11, HIGH);
break;

case 10:
digitalWrite (3, HIGH);
digitalWrite (4, HIGH);
digitalWrite (5, HIGH);
digitalWrite (6, HIGH);
digitalWrite (7, HIGH);
digitalWrite (8, HIGH);
digitalWrite (9, HIGH);
digitalWrite (10, HIGH);
digitalWrite (11, HIGH);
digitalWrite (12, HIGH);

break;

vold display bar led off ()

{
digitalWrite (3, LOW);
digitalWrite (4, LOW);
digitalWrite (5, LOW) ;
digitalWrite (6, LOW);
digitalWrite (7, LOW);
digitalWrite (8, LOW);
digitalWrite (9, LOW);
digitalWrite (10, LOW) ;
digitalWrite (11, LOW) ;
digitalWrite (12, LOW) ;

}

1 Sketch F2FF R1F 9 ch05 01,

%1% FH 50 E 2 Arduino .

5E 5EFE /7, A] LA$THF Serial Plotter T &, kT B A]PAE Arduino menu Tools -| Serial
Plotter ¥ E|. £ T H R EFFEN 9600 HFF.

1B = A5 Ay W28 i el 1) 3& 75 2 - A] BAM Serial Plotter tool & 2{E 11224k . 1B 5-6
Fir7s /& Serial Plotter F)— N7~ H




FSE EYEMNIE P HRINESTEAR « 141 *

& i /dev/cu.usbmodem1421 (Arduino Leonardo)

8.0+

L Lot s

-8.0

9600 baud ¢

K 5-6

e TAE?
REURE 5 om N B ERR TR B . BEAE A HUUE(E AR — ME. B E X — 1 XKEFER
B, i1 250ms {tF 4Hz.

/ /A TAIARR KA E DK/ (250ms=4Hz)
const int sampleWindow = 250;

unsigned int sound;

int led = 13;

7E setupO R E, WIGH4L & 475 1 HT 10 Segment Led Bar Graph.

volid setup /()

{
Serial.begin (9600) ;
pinMode (led, OUTPUT) ;

pinMode (3, OUTPUT) ;
pinMode (4, OUTPUT);
pinMode (5, OUTPUT) ;
pinMode (6, OUTPUT) ;
pinMode (7, OUTPUT);
pinMode (8, OUTPUT) ;
pinMode (9, OUTPUT) ;
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pinMode (10, OUTPUT);
pinMode (11, OUTPUT) ;
pinMode (12, OUTPUT) ;

}

{E loopO R, FEXRME NP HHE A ERME. R peak-to-peak {H < Ja K H e it
NE R

unsigned long start= millis();

unsigned int peakToPeak = 0;
unsigned int signalMax = 0;
unsigned int signalMin = 1024;

/ /% 250ms WE—IREHE

while (millis() - start < sampleWindow)
{

sound = analogRead(0) ;
1f (sound < 1024)

{

if (sound > signalMax)

{

signalMax = sound;

}

else if (sound < signalMin)

{

signalMin = sound;
}

}
}

peakToPeak = signalMax - signallMin;

double volts = (peakToPeak * 3.3) / 1024;

SR, i I F display bar led()7E &% 1A 10 Segment Led B PLHER R B R R E

Serial.println(volts);

display bar led(volts);

£ display bar ledO)BRZ(HE, #iL A display bar led off()7<H] 10 Segment Led Bar
Graph, HAHSLIZIEIT digitalWrite() &5 LOW 25 A ) LEDs. Z Ja ME & H i+H—
MNMEEE, X MERPF 2] LEDs.
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display bar led off ();

int index = round(volts/0.33);

B RARGARXIRA 22

BRI T — DB T W, HREHERANEARM. By, ZRE S5-7 s
R EE R RSt
=

{A%@iﬁ% }—ﬁ%ﬂiﬂﬁ?%ﬁ]—{%‘%ﬁtﬁ]—{ R AA

K 5-7

NRWEFT W NI, MZAEHERE. B —S5%R, mERSE
X EHE AT TRALHE

IAER B TGR A ATIE S R . FFRREA 7 — 8057, Wk SRR AR
WA F AR 18 IR RHER R SCR A — 37 . BRI &
PE NI EGR A HIA -

B R AT FHFE AT TR ER P T H H ) Speech-to-Text A1 Speech 74 & .

N2BiEFFo b AR

EARFE S, KB & Fp AT LA R B MCU IR (1FiEE S SRR A2 2 ESE
PR AL ERAR SRR ER, BEAMEERE A IE ST H KRR
Hrp— AN VeeaR [f] EasyVR 3 & EasyVR Shield 3. B Z X5 B UEE
http://www.veear.eu/introducing-easyvr-3-easyvr-shield-3/. HEJE&XFHRIE (US) . =
KAE. (&I VAE. IPHEMHIE.

P 5-8 Fizn & EasyVR 3 R ) — R .
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SR+
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EasyVR3 Edd

i W oy Al dad
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|e[e|efe|e(e|e]0e]
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> N9 AS

- " e ) ; ! Wk
- 4 |ﬂ A
SR ' -
- H O]}

s E;jm EasyVR3

=
(=
<
z
-
aNd_EAL
-

EasyVR 3 tR thi& 5 1E 9 Arduino shield. WIHR K | —> EasyVR Shield 3, <RIl 3RS
—/I> EasyVR AR # Arduino shield. %1 5-9 pr7~72 EasyVR Shield 3 f)—4> 7=

Kl 5-9
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BB ZE Emic 2. B2 Parallax &% iTH), AKX Grand Idea Studio Chttp:/
www.grandideastudio.com/) , {¥3/5E & & RARMIFF R H. A LUENE & O SURIECA
PRI AE NN « XEIRAEE A H . 7] LAV 1A https://www.parallax.com/product/30016
RPUE 2 {5 Bl K. Wi 5-10 frs & Emic 2 BB — i

Kl 5-10

) DI IR B 3 i 3= )

WARIR AT DU EE T RAT, BARIERE? A9 8 H EasyVR 3 shield for
Arduino £ Arduino FHEE—AMIEFE R BEAITE .

BATHI N A w2 P A IE & a2 326 ¢ LED. 5 th ] A= Hil 4k i8S Bl & 4T .
A H—4 EasyVR T H HG87E Windows “F & L1E, Frli#if Windows #1E RS/ BN
Bl AL, X B Arduino Uno R3 #RAE AW

ik FRATITaaE !

1% & EasyVR shield 3

FE50 H H{& ] EasyVR shield 3 Z 8, #FZE %%k —SRAFME.
B F#, Arduino f) EasyVR . B PAM https://github.com/RoboTech-srl/EasyVR-
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Arduino/releases &, 5 FFHE| Arduino FER) XX AFFR T, aiEEFESEHE Sketch |
Include Library | Add .ZIP Library. %% EasyVR FEff) ZIP #3014

T —P %% EasyVR Commander T.E., bk~ http:/www.veear.eu/downloads/, T
BB ER 2, RRTRESEI S THE., FHMPEhSHXE T ARE EasyVR
BB, WAES 6 EiHAT A,

2% % Easy VR shield 3 breakout #8422l Arduino A _E . 7EIX M|+ B.AF B B =& Arduino
Uno R3,

& 5-11 fFrz~ /2 EasyVR shield 3 )11+

SDA

AREF
) o-e |- R GND

- : oL (=) Ii

-
i-

e
oL

8
L
°
°
©
&
o™
[F

-
-

8
7
. 6
- 5
L 4
o3 3
L >
Loy )
b
o" E
CH
3.5mm JACK MIC SPEAKER
UNEOUT - EASYVR AUDIO
{Top View)
& 5-11

N7 3% Easy VR #54t, #2 MODE JUMPER % & N PC, #A J5 @it USB #2475 EasyVR
shield F] Arduino E# 2)1HE A,

A — N IFEAZ BEME] Arduino #R. R PAYE Windows ~F & I ¥ & & PR A% H I
Ports (COM & LPT)EF 2|, k] 5-12 Fras.

PLTEHT H EasyVR Commander T E . iF—-~# Hik77 35 EasyVR B Arduino %
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. WE 5-13 g — N ef&EsE L+

# Device Manager — ] X

File Action View Help
o m Hm W

< Imaging devices A

BF Jungo Connectivity

' Mice and other pointing devices
B3 Monitors
&P Network adapters
R’ Other devices
B Portable Devices [s
v @ Ports (COM & LPT)
W Arduino Uno
7 Print queues
[ Processors
» I SD host adapters
> [ Sensors
B Software devices
il Sound, video and game controllers
» S Storage controllers
Em System devices

' Universal Serial Bus controllers

i L L W W W
)
2
8
S
&

W W .

W

v

L

W W

W
K 5-12
&~ EasyVR Commander - v3.10.3 — O X
File Edit Tools Help
23RS RFRRAR IR @ - BRPR RO = ¢ ¢ &
Group List Trigger Command List
index Description  Commands # index Label Trained Conflict
@ 0 Tigger 0
= 1 Group 0
@ 2 Group 0
= 3 Group 0
(= 4 Group 0
= 5 Group 0
= 6 Group 0
@ 7 Group 0
@ 8 Group 0
= 9 Group 0
= 10 Group 0
= 11 Group 0
+ 12 Group 0
=2 13 Group 0
1 14 Group 0
= 15 Group 0
1251 16 Password 0
] -- SoundTable 1
= -- Messages 32
2 1 Wordset 8 v
Ready Connected to EasyVR 3 (Rev 3) on COM3

Kl 5-13
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A PLE % index 0 2| 16, Trigger A Password »& &/ group ) index fRfF. T IHBF#ELN
i/ i} EasyVR Commander . £,

S IEEHS

T f# H EasyVR Commander T ERAIE 1T &y AL
ARDUINO R G &7
MYPASS R %/,

LAMP_ON fXEFT I led.
LAMP OFF {3 %] led.
LOGOUT KB HEE W2
i 5-14 o2 iE & w2 FPREAE

ARDUINO

I N Ny Wy

K 5-14

iz 2l ARDUINO & i % J5 Arduino UG8 a7 % » Z Ja F P K E 5K kI8 MYPASS
. MYPASS IRERFMA—NEFMG. WR MYPASS 54 1E#, AP ATLGEE LAMP
ON T H & 4T 8 # ik LAMP OFF K& 4T. Ah, HPATPMEH LOGOUT B .
WAz AT ?
ZEF%E Arduino £ EasyVR Commander T EZ J5 (#f{f MODE JUMPER 7£ PC L E2%&
wWE) , KERIHE 515 KER.
B, G2 ARDUINO iEE 4. 1E Group List Ak _EEHF group 0 (Trigger) . H
G INE F IR bR . W E ARDUINO 1E PR 4 F
%%, ISR XMEEHL. %EF ARDUINO W& HBdilgnsg, IReE D
ik 5-16 PRI TEAE -

L
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4+ EasyVR Commander - v3.10.3

File Edit Tools Help
A 8 | comM3
Group List
index Description  Commands
= 0 Trigger 1
= 1 Group 0
L 2 Group 0
= 3 Group 0
= 4 Group 0
= 5 Group 0
(5] 6 Group 0
=2 7 Group 0
2 8 Group 0
= 9 Group 0
= 10 Group 0
(o 11 Group 0
& 12 Group 0
= 13 Group 0
2 14 Group 0
= 15 Group 0
= 16 Password 0
£ - SoundTable 1
= -- Messages 32
3 1 Wordset 8 v |
Ready Connected to EasyVR 3 (Rev 3) on COM3
K 5-15
| @8 EasyVR Commande - ‘
File Edt Tools Help ‘
A 8 | |coms RS IVLRNVXN IR @ - PR 590 = ¢ ¢ &N
Group List Trigger Command List
Index Descrption Commands * Index Label Traned Conflict
1 0 Trigger 1 @ 0 ARDUINO 0 OK
= 1 Group 0 ed T Rehat N/A oK
= 2 Group 0 Command Training
= 3 Group 0
= 4 Grow 0 . Command 0 of Group 0
= 5 Gm 0 "ARDUINO" - Phase I,FZ
= & Group 0
= 7 Group 0 Press the Phase 1" button and say the word
| &= 8 Group 0 corresponding to the command "ARDUINO" within 5 |
= seconds.
= 9 Group G
= 10 Group 0
= 12 Group 0
= 13 Group 0
= 14 Group 0
= 15 Group 0 "
(= 16 Password 0
K3 - SoundTable 1
- -- Messages 32
& 1 Wordset 8 v
Ready Connected to EasyVR 3 (Rev 3) on COM3 !

Kl 5-16
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R IREEIKIIZR. Bt Phase 1 i R4T4, W ARDUINO, BEFRIERFAH, #%
%N T ARDUINO #r%EH 25—k

BLAEA] LA 5 52 . EasyVR 1B & a7 R BEAE A group BRIIE Z <. Kt
IR AR ZAE group 0 BIK, FZH i Trigger (index 0 BY group 0)

ZJa, BalliEE B, <& 3K 5-17 i 5% Speak now... KX THHE.

2 8 | [COM3 NS VL VENR VR @ - BN 590 | = ¢
Group List Trigger Command List

Index Descnption Commands * Index Label Trained Cof

0 ARDUINO 2
Group T Robot N/A
Group
Group
Group
Group
Group
Group
Group
Group
Group
Group
Group
Group
Group

Speak now...

00O -] OO LN & W N -

—
-2 W

sl el el
n B W M

Group

il
i —.
i (=]

Password
: SoundTable
2 --  Messages

1 Wordset

e W = D O O O 0O 0O 0 0 0 O o o o o

A 5-17

i E % ARDUINO WHEMA—NFEE. R ERN2RZEESmER B RENIREE .

XA EEE W TBRIE. WEF LIRS A ER T HiESmL:

O MYPASS FRZE7E Password group (index 16)

Q LAMP ON #r%5#E Group 1 (index 1) o

Q LAMP OFF #r%7E Group 1 (index 1)

Q LOGOUT #5254t Group 1 (index 1) .

AT LLEE B — N hRas,  IIZRIFIH

PAE AT LA E I RIARES B A iAhS . 7£ EasyVR Commander T B iS5 File |
Generate Code, 2F | sketch fCHE 34 (*.ino file) o 7E F —T (B 0X ™ Sketch 27 .

SERZ JE Wi Arduino A1 EasyVR commander T B . 4k%4E%%5 Sketch F2/5 -
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lg 1ﬁ'é£

EX BFH—/> LED 4T. AILMEATERBRPELT . @i HEEE 330 Ohm #E#
LED /T 2% pin 8. Il 5-18 FiinRLH+ .

Shield 3

MG+ |I.E

" L &
LINE OUT 03 T
| )
o - 50)
[ 5 OB a1l =l
o o
fritzing

K 5-18

£ EasyVR shield 3 F ¥ MODE JUMPER & SW #=,, X#E#iA] LLFI Arduino &
EasyVR shield 3 1815 .

‘BE Sketch 12+

BANIE 23RS [ Sketch FEFFHIAESR, AR FEBIAEF. N2 BESHIH:

#include "Arduino.h"

#1f !defined(SERIAL PORT MONITOR)

ferror "Arduino version not supported. Please update your IDE to the
latest version."

$endif

#1f defined (SERIAL PORT USBVIRTUAL)
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//Shield Jumper on HW

(for Leonardo and Due)

#define port SERIAL PORT HARDWARE
#define pcSerial SERIAL PORT USBVIRTUAL

felse
//Shield Jumper on SW

¥include

SoftwareSerial port (12,

(using pins 12/13 or 8/9 as RX/TX)

"SoftwareSerial.h"

13);

#define pcSerial SERIAL PORT MONITOR

fendif
#include "EasyVR.h"
EasyVR easyvr (port) ;

//Groups Ml Commands

enum Groups

{

GROUP 0 = 0,
GROUP 1 = 1,
GROUP 16 = 16,

O

enum Group0

{
GO ARDUINO = O,

};

enum Groupl

{
Gl LAMP ON = O,
Gl LAMP OFF = 1,
Gl LOGOUT = 2,

}i

enum Groupl®©

{
Gl6

};

MYPASS = 0,

int8 t group, 1idx;



55 3 EPIERMIN H A IEE BOR

int myled = 8;

void setup()

{

/ /B PC BRI
pcSerial .begin (9600) ;

pinMode (myled, OUTPUT) ;

//bridge mode?

int mode = easyvr.bridgeRequested (pcSerial);

switch (mode)

{

case EasyVR::BRIDGE NONE:
/ /B EasyVR & [
port.begin(9600) ;
//run normally

pcSerial.println(F("--=-"));

pcSerial.println(F("Bridge not started!"));

break;

case EasyVR::BRIDGE NORMAL:

/ /B EasyVR # 1 (KiE)
port.begin(9600) ;

//soft—-connect the two serial ports (PC and EasyVR)

easyvr.bridgeLoop (pcSerial) ;
//resume normally if aborted

pcSerial.println(F("--=-"));

pcSerial ..println(F("Bridge connection aborted!"));

break;

case EasyVR::BRIDGE BOOT:
/ /B EasyVR £ 1 (&iE)
port.begin(115200) ;
//BERESE D (PC Ml EasyVR)

easyvr.bridgeLoop (pcSerial) ;

/] BTG

pcSerial.println(F("--=-"));

pcSerial ..println(F("Bridge connection

break;

aborted! ")) ;
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while (l!easyvr.detect())

{

Serial.println ("EasyVR not detected!"™);
delay (1000) ;

easyvr.setPinOutput (EasyVR:: 101, LOW) ;
Serial.println("EasyVR detected!");

easyvr.setTimeout (9) ;

easyvr.setLanguage (0) ;

group = EasyVR::TRIGGER; //<-- start group (customize)

volid action|() ;

void loop ()

{

if (easyvr.getID() < EasyVR::EASYVR3)
easyvr.setPinOutput (EasyVR::101, HIGH); //LED on (listening)

Serial .print ("Say username ");

Serial.println (group);

easyvr.recognlizeCommand (group) ;

do
{

/ /SRR TR T A R B AT DA A b 2

}

while (l!easyvr.hasFinished());

if (easyvr.getID() < EasyVR::EASYVR3)
easyvr.setPinOutput (EasyVR::I01, LOW); //LED kM

idx = easyvr.getWord();
if (idx >= 0)

{

//built-in trigger (ROBOT)

//group
//group

GROUP X; <-- Bk¥%F|5H—1 group X
GROUP 16;
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return;
}
1idx = easyvr.getCommand /() ;
if (idx >= 0)
{
/ /¥TEN debug [ B
uint8 t train = 0;
char name[32];
Serial.print ("Command: ");
Serial.print (1dx) ;
1f (easyvr.dumpCommand (group, idx, name, train))
{
Serial.print (™ = ");
Serial.println (name) ;
}
else
Serial .println();
[/ REEE
easyvr.playSound (0, EasyVR::VOL FULL);
/ /AT —EF1E
action () ;

}
else //®aieBFE B

{
1f (easyvr.isTimeout ())
Serial.println("Timed out, try again...");
intle t err = easyvr.getError();
1f (err >= 0)
{
Serial.print ("Error ");

Serial.println(err, HEX);

volid action ()

{
switch (group)

{
case GROUP_O:

switch (idx)

* 155 ¢
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{
case GO_&RDUINO:

/ 1 %5 SEAHS
Serial.println("Please say password");
group = GROUP 16;
break;

}

break;

case GROUP 1:

switch (i1dx)

{

case G1 LAMP ON:
digitalWrite (myled, HIGH);
Serial.println ("LAMP ON") ;
break;

case G1 LAMP OFF:
digitalWrite (myled, LOW);
Serial.println ("LAMP OFF") ;
break;

case Gl LOGOUT:
group = EasyVR::TRIGGER;
Serial.println ("Logout");
break;

}

break;

case GROUP 16:
switch (1dx)

{
case G16_MYPHSS:

/ 1 %5 B EAHY
Serial.println("OK.Now I'm waiting your command") ;
group = GROUP 1;

break;

}
break;

}
AT RESE.
R 84E EasyVR RABAEEZED group LIRF 5 5,
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RAFFE P - 4% 3] Arduino B .
3

IAERT AAAFE P . & KN ARDUINO WEREMFEE, R KHEN MYPASS
PR BB E

ZJa, MRATH AR A LED AT HIE & 52 o

& Ja M LOGOUT % H1E S, ZJ5 Arduino R 2% 4F ARDUINO FrREEHITEH

ik ToT i 1E

XAEFFEEB, BR—T IoT A —EZHEM, &HFHEERNAGERNZRN, Wik
FERRES . RELI 7 XARTES K DRERTA] .

EIX/MEF B, f#H Emic 2 for Text-To-Speech #H 1 Arduino Uno R3 #z. AN
Sparkfun 7 )54 SE 2], MhEA https:/www.sparkfun.com/products/11711 .

AT aENE !

W E

iX B EMIC2 FEH7E Arduino Sketch I EMIC 2 #53k  [B]iB{5 . 1] LAFE https:/github.
com/pAlgn10/EMIC2 F3k |, FEIFFHHNE] Arduino FEHFR T .
HLAER] LA#F A Arduino IDE K285 Sketch 127 -

hix

R EMIC 2 #5583 Arduino IRIEFH ARG . ELWT:
%4 EMIC2 5V #| Arduino 5V.

i%+H: EMIC2 GND %] Arduino GND.

%+ EMIC2 SOUT %I Arduino digital pin 9,

E#Z EMIC2 SIN #| Arduino digital pin 8.

%4 EMIC2 SP-%| speaker -

% EMIC2 SP+3| speaker +,

ELZL BT 5-19 Fis.

o000 0o0
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DIGITIL (Pun=

. @:N:@

rxmm Arduino”

fritzing

EQ 5-19
‘mE Sketch 12

A PAMEAH EMIC2 FER) emic.speak()RSEI AR EFHIFEF. N7 TN, Btk
51— RBERFERKEE “Hello Arduino” I “I am waiting your command” 1X 7)1

USRI Sketch 2

#1nclude <SoftwareSerial.h>
#include "EMICZ2.h"

//ZW, http://arduino.cc/en/Reference/SoftwareSerial
#define RX PIN 9 //i%# SOUT Emic 2 HHF| RX pin
fdefine TX PIN 8 //¥#% SIN Emic 2 f&ER¥F| TX pin

EMICZ2 emic;

void setup () {
emic.begin (RX PIN, TX PIN);
emic.setVoice(8); //WET=E (9 MMEF: 0~8)

void loop () {
/ /R FBERREBUX B HEFIZT:
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emic.setVolume (10) ;
emic.speak("Hello Arduino");
emic.resetVolume () ;

delay (2000) ;

emic.speak ("I am waiting your command");
delay (3000) ;

}
REFER N ArTTSDemo.

UNEN

PP I+ A% Sketch 27 2 Arduino R w] AW 2N Pr i & 1P A1
XA AR H . WTCATESCEAL By RRAE 7, AR _Eie iU E, R ibl4s it
X 1A, BRE ik Arduino ik Hi =5 FI H IR AR SE .

1k Raspberry Pi #11%&

EZRINET, C&EF2WALE Arduino MR _EEBIEZAER, AT55 5 > W] 72 34
AT .

N HEPEE A Raspberry Pi SRAE 94155 > ande] b 3 3K #h - X B 4% FH 1 /& Raspberry Pi 3
A Raspbian Jessie 2R%t, 7] LAM# FH 58T ) Raspbian R4 .

WE

— L Raspberry Pi #5t, U1 Raspberry Pi 3, 8L & Mifd R fR it 2 A e, Wi 5-20
FT7 .

A LLERCKBA BN, HZEAHYLEGE M7 = 48 3] Raspberry Pi AR b 1E9Hl1K,
AL E SR 4 ——IBL #7= 4%

N T BN RS, TEIRE— F Raspberry Pio A] PATE % v B ¥ B rasp-config iy
L. W

$ sudo raspi-config

SR JE B AT LAE #| rasp-config K% H. #EFHH 9 17— —Advanced Options, U1E 5-21
FI7s o
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ff X F F ¥ T P B N B R %" W B EREEE R W TR

L = | | w - w ® | o o ] o L | " L | o L | L ] '.

e R ] m CH4 ' 2he |
A e -11 H:I-F'].]'l ~ e = % 4 |
S Tl A §<  Respberry Pi 3 Model B V1.2 O we &L 0 Tk |
@ 2% (©) Raspberry Pi 2015 Sl U= swlr | Ll S |

] .,-. ::‘ m:; = -3 2 ! ™ : L I‘-i:-l E ¥ S .

=24
. EEE= - Bio
w2z omz
{
| |
C212 s tems =" x
s = s
Coze s - C23% 5 =
- o v
mtiliﬁ e ;g:.::.! o
L 17 =
Ry g '-fr.,-"#-r
RLE > (213 C222

DISPLAY &

EREEILRR/
HZXE

N s

ﬁ.

Kl 5-20

on e agusk — pi@raspberrypi: ~ — ssh pi@192.168.0.12 — 80x24

{ Raspberry Pi Software Configuration Tool (raspi-config)

1 Expand Filesystem Ensures that all of the SD card s
2 Change User Password Change password for the default u
3 Boot Options Choose whether to boot into a des
4 Wait for Network at Boot Choose whether to wait for networ
5 Internationalisation Options Set up language and regional sett
6 Enable Camera Enable this Pi to work with the R
7 Add to Rastrack Add this Pi to the online Raspber
8 Overclock Configure overclocking for your P
9 Advanced Options Configure advanced settings

@ About raspi-config Information about this configurat

<Select> <Finish>

Kl 5-21

BEEEFEE 9 1TH) A9 Audio KACE Raspberry Pi &4, WHE 5-22 Frw.
RE ] LLE 35 8 IR T 51 3R . 18 FESE —4THY 1 Force 3.5mm (‘headphone') jack,
nE 5-23 Fis.
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. o agusk — pi@raspberrypi: ~ — ssh pi@192.168.0.12 — 80x24

{ Raspberry Pi Software Configuration Tool (raspi-config) }

Al Overscan You may need to configure oversca 1
A2 Hostname Set the visible name for this Pi §
A3 Memory Split Change the amount of memory made §
A4 SSH Enable/Disable remote command lin §
A5 Device Tree Enable/Disable the use of Device §
A6 SPI Enable/Disable automatic loading §
A7 I2C Enable/Disable automatic loading 1
A8 Serial Enable/Disable shell and kernel m §

) Force audio out through HDMI or 3
AA GL Driver Enable/Disable experimental deskt

<Select> <Back=

K 5-22

| . » agusk — pi@raspberrypi: ~— ssh pi@192.168.0.12 — 80x24

Choose the audio output

@ Auto
1 Force 3.5mm ('headphone’') jack

2 Force HDMI

<Cancel>

& 5-23

HARNEMmE CEREY V. T—PE%EK audio F. XEEH festival
http://www.cstr.ed.ac.uk/projects/festival/,

£ Raspberry Pi £ 3w L&A U0 K B 2K %3¢ festival JE:

$ sudo apt-get update
$ sudo apt-get install festival
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15 & Raspberry Pi & Bk

festival FE 32 it — LB FH iR, 7] PATE https://packages.debian.org/jessie/festival-voice
Wxh EEE IR — i E SRR,

TR, RIMRAERMERS “Good morning!” o W] LATE & ¥m _EXI AN T p 2

echo "Good morning!" | festival --tts

A] PAPT 2# Hf Good morning HY = & !

#%5 Python 1ZFF

HEFH festival FE. fEARTIH, 95 Python #2715 I festival g, XAEA] LLE Fill #£
FF3F B45& GPIO %fE. iz, "M festival FEH] Python IR pyfestival FE. 1+4H
N %5 W https:/github.com/techiaith/pyfestival.

{5 F 4 T A 2 7E Raspberry Pi 223 pyfestival JE:

S sudo apt-get install python python-dev festival festival-dev
$ sudo pip install pyfestival

1E pyfestival £ A festival.sayText()BRE A A 7 - A festival.sayFile()>& M 344
FARNE .
PS40 K RA

import festival

festival.sayText ("I am Raspberry Pi")
festival.sayFile ("ch05 test tts.txt")

PRAF SN ch05_tts.py s
A LAFE ch05_test tts.txt AF R GEMAR. T &—167:

The Raspberry Pi 1is a series of credit card-sized single-board computers
developed in the United Kingdom by the Raspberry Pi Foundation to promote
the teaching of basic computer science in schools and developing

countries.

PRI CA
BATI T a2 ch0S _tts.py 345

$ python chO05_ tts.py

AT EHLEE 7= 4 I B A
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T—HZ—TA?

Xe— N ERE R BERFERF, 7S a1LREE . IR aE HAh B 7314 KT R E .
Bltn, W PASZEL—/NM% T Raspberry Pi B 40 FE w16 R Dk
BT A& Z R A REE WL, 1XFF Raspberry Pi 5t 7] ARIYRFIE & 2830 T -

w2 ?—_LJ]:

A
AN

ERFEN, F3 7 —EBERAPFFTMET A, BERE 7 el —2E 5 MiE
FHIARRBI VIR INE . HhmS 1= FmENER, 2J5F ] EasyVR Ml EMIC
2 BRI TE F oy AR EEHIRESF. #Ja, ik Raspberry Pi BEWS Ui1d

5 6 B, RrE S UNATAE ToT Tl H B AR = AR N G st 5 A b

7] FA]

TR SRR BIEMMNE, AT EEZ R TEARRNAR.

1. Juang, B. H.; Rabiner, Lawrence R. Automatic speech recognition—a brief history of the
technology development. http://www.ece.ucsb.edw/faculty/Rabiner/ece259/Reprints/354 LALI-ASRHistory-
final-10-8.pdf.

2. Benesty, Jacob; Sondhi, M. M.; Huang, Yiteng. Springer Handbook of Speech
Processing. Springer Science & Business Media.2008.

3. Wu Chou, Biing-Hwang Juang. Pattern Recognition i Speech and Language
Processing. CRC Press, 2003.






FEO6E AYBEMNEEEZNES

EREF, RIRKMNFE IoT MHENHZTE. =76 MR G mZ il 5oe
FEHEEA . 1B IoT o xKBIMHF AR R 7 EME RSB EIEE, HitHa
—PNHREEEFER RS FEX T9 RIUH AFH K

AF 5 NIR AN FE R
IMEEFERAR
I RET = B IERE
EFZ ToT 2| = Ak 55 4%

BEMFRRES
R TR R = 1 oT M A

U000 0O

K= IR EN43

TR TR A1 1) T AR RS B W 2% HoAh R 55 4% b 335 KRE R iz H AR
e AR s A, BRAFIRAR TG XA .

BE KU, mTRFEM T — ARG, X FR E I O R 5 4 1
RG. =HAH 3k H#E1A: SaaS. PaaS Fl aaS.

SaaS (CAFRIIRSS) Ra-FEHNEHABKIEI. SaaS & BB FIH E A4 1Y
&A% T HE =T WARS . SaaS BF 8+ DropBox. Google Apps Fll— & H.Ath 77 fifh fif 1
UET

PaaS (FHEVARSS) RO VAT A MERE KT 6. HIE R & EZREMATRL S
. A LAk S didE &l 55 HIF 6 i A FH 25 8 X 28 R0 Al 95 45 X S8 5L Rl Wt . PaaS HIBI]1
£, 45 Heroku. Google App Engine #1 Red Hat's OpenShift.

laaS (FEREEERD RS BT HEAREL API R4t = IR & 2 FAH S B IR. I RAEE
XA TR, B@E MR E—IEET O L, XSBRAERD. laaS @FRME—
AT B EER, [ RFEEE RS e CFBEE, AL,

— PSR, W AWS ToT Ml Azure IoT, #24it SDK/API LA#E B ToT #R 3%
FBATTHI AR S . ] LAFE = Ak 554 BB BAM A2 B8, WK 6-1 Fios.
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E 6-1
NGB R T = 0y FdR A2

EHAER O, PHeBEIR. 2R R . B ERER T E S IER AT X
. ) s B A S

ETF=MEER R — MERTIRERR BRI AR 0] LR 5 IR R AT 73 ZE Tl
£55. — ~Eal RS B E 2 o F & SN 4R .

—ERAHF, WHEEK. TSR AEHR e 7 HeEER 2 ER S, TUMEA R
5% Python NEFERI F4m 5. BEATA TTETALE A 5 AL B B AL F U .
A 6-2 Fis e — NN T = Iblas = ik, BITEE) Azure HLAS 52 ) THIAR

My AzureML Service ¥ Properties Project 4

4 Experiment Properties

P 11,/20/2015...
- Saved Datasets
11/20/2015

oowi@m!ﬂ

\ M — FY &
: O e srie
Ijiir; Machine Learning q ™
I
B i

E_ DOpenCV Library Modules

Pa] Python Language Modules

(' R Language Modules 3 __ bt i i

):“' Statstical Functions .

‘F'_T)_; Text Analytics |

@ Wb Srvie = O O Ry
w " g

Quick Help "
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£ [oT M E| =R 55

ER S IRE S ERE oT R EA M IIEE. 7] LAFE ToT R {8 A Ethernet iR EY
BRI

BUZ A LI IoT (R FERN =T E. 2B —BIERER B FEREH.

ik RATF 2R NE !

&k Azure loT

M Azure FFIEE I = RS, AR IT R EIRAE TR & . IR EE Azure A
k& RS, Azure NDWE 6-3 .

& portal.azure.com

DaShboard L L I vt

All resources Service health
ALL SUBSCRIPTIONS MY RESOURCES

B portaivhdss

Subscriptions

Forecast expenses and costs to optimize your
apps

Kl 6-3

B RTWEHIME R, RILLUII https://azure.microsoft.conVe APBA S 4H A BT
B Azure 55, TFHIFIERT K4 Azure [oT,
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I 5 AWS loT

SR = E AR AT St AWS., HZE T Dbt 324t ToT B R, ToT R
A A AWS ZE#:. HEEEE SREUEE .
AWS ToT Ze4 KREWE 6-4 FiR.

] | < >
Amazon DynamoDB
Things <« > Thing
Message [ g| e g Rules Amazon Kinesis
| Broker Engine
Thing SDK » of ThiNg . AWS Lambda
Registry
A A 2 Amazon S3
v v +
| [ Security and Identity Amazon SNS
loT
Applications ’ Amazon SQS
AWS SDK

VR : http://docs.aws.amazon.com/iot/latest/developerguide/aws-iot-how-it-works.html
& 6-4

Al LLiA I Message Broker & 2 IoT #IE#E] AWS ToT. AJ AN FH— 2251 WSk #5 Bh i
PEEE . EaumMuh, A V2 IRkS REFELYE, W Amazon DynamoDB. Kinesis.,
AWS Lambda Al Amazon S3. X284 B it ToT 34T 245 AbH

B ZRT AWS IoT HMEERTLAVIA http:/docs.aws.amazon.com/iot/latest/developerguide/
aws-10t-how-1t-works.html .

Arduino =

Arduino (arduino.ce) #ft | — MBI = F & MHH - B 2 Arduino ER: . #1187
0] B 77 W%k https://cloud.arduino.ce/, MW 6-5 Pon. 75 B IEM A BEVTIH

HAJ, Arduino =#fft MQTT broker, B]PAM— Arduino R &IZEVHEEH—1
Arduino .
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. § < O & cloud.arduino.cc ¢ O [ +

L blackduck w T

& 6-5

INRABEEH Arduino =, BT EA — M E KM AR ELE Arduino . T IHIZE
—E55E A Arduino z B P ZEFEELAT Arduino AR :

O Arduino/Genuino Yun Shield

O Arduino/Genuino MKR1000

O Wik Shield 101

EARFF, FH Arduino MKR1000 #x H T JF & C(https://www.arduino.cc/en/Main/
ArduinoMKR1000) .

% & Arduino =

JEM5E Arduino =B %G, FTLLM Arduino M5 IA] Arduino = . 3 — B eiEM
Arduino % .

A] LA ) T ) R B SERE M : https:/cloud.arduino.ce/cloud/getting-started, BYF AJ
PL7 8] P ik https://cloud.arduino.ce/cloud JEM— Nk . 28 )5 B NEW THING %4,
W 6-6 B FE1H

#\ Arduino BRI 4 F, U0 arduinobot. 5EMLJE B SAVE 41 1R 174 F-

A LAE NI 6-7 Fros T AR _£% 2] Arduino AR )44 ¥

AR E N — ek EME. A B EHLREMEE, XM IEMEK# Arduino
AR K _EAR AT 345 AR EHE
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O w cloud.arduino.cc

My things

Give a name to the thing you want to connect

arduinobot

& blackduck »

K 6-6
O « cloud.arduino.cc O | o
4 arduinobot » I P
Emmphas
4 blackduck » LHE P -
K 6-7

FETE A A AR 7 b o e 0 ) B b F AR 7 B i, AT LA 31 2
Hiii ADD A NEW PROPERTY #%Z#l, REHALLTE.

Q Name: Humudity,

O  Type: Float.

Qd Policy: Update when the value changes.
SERE Hiidi SAVE I RTF B, Wk 6-9 fras.

& 6-8 PSR A
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0O “ cloud.arduino.cc ) +
=
'
{4 arduinobot W - o
Examples
ADD A NEW PROPERTY
4 blackduck » I P -

& 6-8

0 « cloud.arduino.cc
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FIAR R BRAE B S AN B

d Name: Temperature.

Q Type: Float,

O Policy: Update when the value changes.

IAER] LB BIX R 2 B, Wk 6-10 .

a8 < i 0O w cloud.arduino.cc ’ (4] ! nl

My things

& arduinobot w bt

4 blackduck » = L] ©

& 6-10
XIS Arduino AR ) J& PR FHORAE N BE H b T TR R 75 an 4] Uy ] X 22 J 1%
mix

X B —> DHT22 1% /888 K 3k B B AR B 8 - FERTTH S 25% 2 T W FEAR
¥ _Ef# R DHT22.

XA T, & DHT22 45/ 4885 3| Arduino MKR1000. ZEZWIT -

Od VDD (pin 1) #E£F| Arduino VCC (3.3V) pin.

Q SIG (pin2) #EHF| Arduino digital pin 8.

Q GND (pin4) ##:%F| Arduino GND,

A LVE BEL WA 6-11 B,
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| DACD /AN 8 |

Al

fritzing

& 6-11
AR Arduino =

Arduino Z=HE MQTT M3 F A _EAEEHE . 7E Arduino “F &L, AILAMEH ArduinoCloud
FE K1/ 7] Arduino = ARFS 28 . XN FERTIRER), 7] LATE hitps://github.com/arduino-libraries/
ArduinoCloud & 2| {5 .

A T %% ArduinoCloud, 1# F Arduino IDE. % #3528 Sketch | Include Library | Manage
Libraries. 2 JaM1%nA] L& 2| — N1 6-12 Bz~ Library Manager X} 15HE

& N\ arduinocloud, 2AJ5R] LA#KF| ArduinoCloud JE. .54 M| ) Install 324

7% 56 UE AT AT K Sketch F2F7

FH4% Arduino z=Miu5AY SSL iE+H

WHRHK 2 Arduino MKR1000 8 25 WiFil01 shield B) Arduino R, FHEA
Arduino == M¥L Carduino.cc) 2% SSL iFF5.
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AR T R ATY B 4 E 4K A https://github.com/arduino-libraries/ WiFi101-FirmwareUpdater/

releases,
|II!!!!II|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
® o Library Manager
Type All Topic  All arduinocloud

ArduinoCloud by Arduine

Easly connect your Arduino/Genuino board to the Arduino Cloud Easly connect your Arduino/Genuino board to the Arduino Cloud
More info

Install

Close

Samsung Artik 5 v0.5 on 192.168.1.17

K 6-12

Tt Arduino IDE. %&#3¢H. File | Examples | WiFil01 | FirmwareUpdater, ¥JJF
FirmwareUpdater F£/7, & 2|41 6-13 Frasi) Sketch #2/7

] [ FirmwareUpdater | Arduino 1.6.10

FirmwareUpdater

#include <WiF1101.h
#include <spi_flash/include/spi_flash.h
typedef struct __attribute__({{__packed__}) {
uintB_t command:
uint32_t address:
uint3Z_t argl;

uintle_t payloadlLength;

// payloadLenght bytes of data follows...
} UartPacket:

stotic const int MAX_PAYLOAD_SIZE = 1024
#define CMD_READ_FLASH Axdl
#define (MD_WRITE_FLASH Bxds
#define (MD_ERASE_FLASH BxB3

#define CMD_MAX_PAYLOAD_SIZE @x50
#define CMD_HELLO @Bx99




£ oE AYBMIEBELRE S « 175 ¢

7E Arduino IDE B i%&$E Arduino A 1) HAnAdm L, R )5 %% ¥ FF 4% 2| Arduino 1.
WA LLEFEFE Arduino HUERE ) THEML _Eiz4T WINC1500 SSL UE B #H#fF. A
m e

$ ./wincl500-uploader-gui

0] LAE 240 & 6-14 Bz~ ) WINC1500 SSL iiF+5 58 #raxk £4
| @ WINC 1500 SSL Certificate updater

1. Fetch certificates from websites

Insert [P or domain name here and press 'Fetch' button

Download successful

arduino.cc;443

2. Select programmer serial port

/dev/cu.Bluetooth-Incoming-Port Refresh List
/dev/cu.HC-06-DevB

/dev/cu.usbmodem1411
/dev/tty.Bluetooth-Incoming-Port
/dev/tty.HC-06-DevB

dev/tty.usbmodem1411

3. Upload certificate to WiFi module

|'Up|c:acl ::ertificates]

Upload completed!

K& 6-14

ZEPATUT 4 PR
(1) A B ¥ A arduino.cc (Fetch certificates from websites)
(2) Hii Fetch #%4ll, M arduino.cc F#{ SSL iFF5.
(3) eI 2 Bik$FE—> Arduino %5,
(4) FERJE B Update certificates %4l _F4% SSL ilE 52! Arduino £% .
XA WINC1500 [E 4 24 7E Arduino.ce M35 45 5 #T i ) SSLAE.

73 Arduino =R E2F

5 NIZH 4975 Sketch F2F. A Arduino = _EJEMIEH Arduino % [~
YEREAL . BRI ERR, 7T PAE 2K 6-15 Frasf Sketch £
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O w cloud.arduino.ce . O &t 0O B
o
AN My Things { arduinobot W T
Select your board MERIOODO or WiFN01 shield - OPEN CODE [E dﬂ
ude <M1F1101.h>
ude <ArduinoClowd.hs
ar ssid[]
har pass[]
¢ chor userNome[] “agusk” ;

nst chor thingNome[] = "arduinobot”™;
ns ar thingPsw[] “08e23530- i

WiFiSS5LClient ss1Client:

Arduinol loudThing arduinobot;

Kl 6-15

B il 3 Sketch F£7 R 2] Arduino IDE.
N BBk Sketch AASREE R DHT22 %848 - A2 7 il DHT22 32 B B AR BEAE ,
NG RIEAE RESEAE 2] Arduino = .
%5 F e AN
#include <WiFil01l.h>

#include <ArduinoCloud.h>
#include "DHT.h"

/17711 Wi-FiW&& ///////

char ssid[] = "<your ssid>";

char pass|[] = "<your ssid password";

//Arduino =& BAIEH

const char userName] ] = "{ycur_thing_username>";
const char thingName[] = "<your thins name>";
const char thingId[] = "<your thing id>";

const char thingPsw[] = "<your thing password>";
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WiFiSSIL.Client sslClient;

/ /BN R "arduinobot ™
ArduinoCloudThing arduinobot;

//EN DHT22
tdefine DHTTYPE DHT22

//7E DHT22 E X pin
#define DHTPIN 8

DHT dht (DHTPIN, DHTTYPE) ;

void setup () {
Serial .begin (9600);

dht .begin() ;

/ /A ER wi-Fi
Serial .print ("Attempting to connect to WPA SSID: ");

Serial.println(ssid);

while (WiFi.begin(ssid, pass) != WL CONNECTED) {
/R 4s JEER

Serial.print("failed ... ");

delay (4000) ;

Serial .print ("retrying ... ");
}

Serial.println("connected to wifi");

arduinobot.begin (thingName, userName, thingld, thingPsw, sslClient);

arduinobot.enableDebug() ;

/ /& X @tk
arduinobot.addProperty ("Humidity", FLOAT, R);

arduinobot.addProperty ("Temperature", FLOAT, R);

void loop () {
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arduinobot.poll () ;

delay (2000) ;

/ /R EAEE T E 250ms

/ /B 2s FMEREBEEE R “E7T7
float h = dht.readHumidity () ;
/ /BRI B B A R 3R R

float t = dht.readTemperature/() ;

/ /R R TR BRI K B IR
1if (isnan(h) || isnan(t)) {

Serial.println("Failed to read from DHT sensor!");

return;

arduinobot.writeProperty ("Temperature", t);
arduinobot.writeProperty ("Humidity", h);
delay (1000) ;

}

BEHARHS B Wi-Fi 1 Arduino = fIME, TR TRAEAN ch06 01,

INAE SR 3R EAEFE 7 2] Arduino 7.

M Arduino IDE #TH & OE#aEs TH. afUFERREFERES Wi-Fi FHE2RE
DHT22 R EAVEEE . S GEARSEEE G, BFEHE &kiEE] Arduino = .

Wk 6-16 Fras 45 & O A Es AR .

2 (2 {dev/cu.usbmodem1411 (Arduino/Genuino MKR1000)

Send

Connecting to mgtt broker...

Connected

OK, Published 28.40 on topic: agusk/arduinobot/Temperature
0K, Published 75.2@ on topic: agusk/arduinobot/Humidity
0K, Published 28.4@ on topic: agusk/arduinobot/Temperature
0K, Published 75.3@ on topic: agusk/arduinobot/Humidity
0K, Published 28.4@ on topic: agusk/arduinobot/Temperature
0K, Published 75.1@ on topic: agusk/arduinobot/Humidity

.4 Autoscroll Both NL & CR W 9600 baud w

K 6-16
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FTHF Arduino =Mk, SRIGHEEZVEMHY Arduino AR, ATLAFE RIS EANGEEE, WK 6-17

O & cloud.arduino.cc & 4] i o |
0o
¥\ My Things arduinobot i L] o
HUMIDITY TEMPERATURE
74.90 2840
4 blackduck IR [ £

K 6-17
A E ] TAERWE? ACREH LR R 5. 1E setup() BR 0 B 30 £ L FIAE SR 3
%% Wi-Fi:

Serial.begin (9600);
dht.begin () ;

5
R

while (WiFi.begin(ssid, pass) != WL CONNECTED) {
/ /R 4s JaE R
Serial .print ("failed ... ");
delay (4000) ;
Serial.print ("retrying ... ");

}
1518 F ArduinoCloud JE # %€ X Arduino #r & 14 :

arduinobot.begin (thingName, userName, thingId, thingPsw, sslClient);

arduinobot.enableDebug () ;
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/ /X e tE

arduinobot.addProperty ("Humidity", FLOAT, R);

7 loop() BRI £ B 1] Arduino z= K& poll()iF 3K :

arduinobot.poll () ;
delay (2000) ;

N2l DHT22 f# @43 i BUR AR EAE, )5 KiXF] Arduino =

float h = dht.readHumidity () ;
float t = dht.readTemperature() ;
1if (isnan(h) || 1isnan(t)) {
Serial.println("Failed to read from DHT sensor!");

return;

}

arduinobot.writeProperty ("Temperature", t);
arduinobot.writeProperty ("Humidity", h);
delay (1000) ;

1 JF 4% % Azure IoT Hub

Azure ToT Hub 24t ] FE K] device-to-cloud #l cloud-to-device FJEE NIEIE B . BN
#HHA Z AR B R RERIPRIMEIEE %4, HRRATRRIEE SHFEREE 7 & E.

IRZ M) ToT t#PR] L2 3] Azure ToT Hub, T LATE https://azure. microsoft.com/
en-us/develop/iot/get-started/f & /& 73 A AIE 2

FEARTT, <2 H Raspberry Pi BiH FZiIC A ERMEIX Azure ToT Hub, 7] LAfFE A H
ft AR T

15 B & Azure loT Hub

W B Azure IoT Hub Z I 75 B1E Azure § —PMEGERI SRR P, ARG R
K

FTH 0 .45 3£ 5% 2| https://portal.azure.com/$T HHMEX Azure. 1E /M3 H4K ToT Hub,
SXJE AT LAE B0 & 6-18 s i) IoT Hub dashboard.

{E TIoT Hub dashboard I #.di+Add #8IN—HrH) ToT hub, 2XJ5 AT LAE 240 6-19
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¥ portal.azure.com

L lal Hub

loT Hub

Subscriptions; Windows Azure M5DN - Visual Studio Ultimate

MNAME RESOURCE GROUP LOCATION

Ma laT hub to display

Virtual machines

SQL databases

loT Hub

More Services >

Kl 6-18

& ® < ] (§] portal.azure.com [ O 0] 7 +

loT Hub > loT hub B O G Shetonaiond

1 O Th ub

B2 All resources

Visual * Name

Pricing and scale tiel

F1 - Free

App Services
Virtual machines (classic)
* loT Hub units @
Virtual machines
databases * Device-to-cloud partitions @

¥ Subscnption

Subscriptions Windows Azure MSDN - Visual Studia Ul v

Streamn Analytics jobs * Resource group @

o‘:’t‘ﬁrt‘ new WEE existing

Storage account

Jigy # T
ieT Hub Pin to dashboard

g 1 s 48
Mare Services m

K 6-19
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HIFFEERFZER, OFEMEANE. ESKN, thERFED, N Fl.
SER G Bt Create #%4H, B 6-20 Frs 71 .

Q0O < [ O portal.azure.com ; O 1 : o

) [9 i aquﬁl-ur thotmail.com .
oT Hub J 03 )
v loT Hut /L ks @ @ 6US KURNIAWAN QP
loT Hub

- New + Add == Columns O Retresh

=% All resources

Subscriptions: Windows Azure MSDN - Visual Studio Ultimate

Recent

App Services NAME RESOURCE GROUP LOCATION

i _ 5 ¢ ae [claceic) L]
Virtual machines (classic) :)i pyloTHub loTHubDev East Asle

Virtual machines

SQL databases
‘ Cloud services (classic)
? Subscriptions

Stream Analytics jobs

K 6-20

W Azure IoT Hub K2 H 1) hub. 5ERTE BEAF—2.
HTH) Azure IoT hub G555, BLAT CAAT MG IR E .

!Iﬂﬂ' loT 1%

AN T Ak ToT BRAEFIHAX ToT Hub, 75 Z5GTEM ToT #), X474 AT LIRS Vi [FEF
B R 7R AEME ToT %4 -

FTFHF Microsoft Azure | IoT Hub | Settings, B] LAE 2K 6-21 il & -

Hiif; Shared #%H °] LLE WA 6-22 iz i — L8175 7] 5B

B iothubowner g, PILAFRHLZEM VI ZEH. B “ERFHFE” BE—

primary keyo
“ESETTEH” ATHRM—8H ToT U5 Azure ToT. HETA LA B RTRME:
iothub-explorer B ¥ &M T E.
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ﬁ' Settings

All resources

Recent

Active

East Asia

Virtual machines (classic

Usage
Cloud sarvices (classic

L PHETIS L 8/17/2016 UTC
PYIOTHUB
scrptions

Stream Analy

TOTAL
Hub
Manitoring
Anre Servicee
Qre 2eryiCes :)‘
Llo i &
et =

portal.azure.com

pyloTHub azure-devices. net

F1 - Frea

Virtual machines i B )

| MESSAG

0 /s

DEVICES

0

SUPPORT + TROUBLESHOOT

n Activity log

a  New support reque

GEMERAL

Shared access polic
B Messaging

File upload
' Pricing and scale

ﬂ Operations monitor

SETTINGS

A& 6-21

access polic

MNew

All resources

iothubowner
LSErVICE
Virtual machines (c
device

LY ; 5 = R me

Virtual machines registryRead

501 data 5 registryReadWrite

Cloud servic

grage accounts

loT Hub

Liksre Coandene
More Services >

portal.azure.com

PERMISSIONS

e istry wrtd, sérvice conneéct, device Connect

service connect

device connect

registry read

reqistry write

Permissions
|ogf| Reqgistry read i ]

Registry write @

SIS
[

Shared access keys
Primary key @

suGiPuvNzaHixGFoIV) [N ‘
Secondary key @

msvirkvisitshexi/We; + ko [ W

Connection string—primary key 0

Osf

HostName=pyloTHub.azure-devices nets ‘

Connection string—secondary key @

HostName=pyloTHub.azure-devices.net;s .

& 6-22
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B REPDIR I H TR SEd%

iothub-explorer T EZ&—1# T Nodejs K17 LE, AILLEITHEEERFE. &
il T B2 Windows & KA BB F I LTE, Al F5{R Windows &5t

MR — R XE, P

A https://github.com/Azure/azure-iot-sdks/blob/master/tools/

iothub-explorer/readme.md, LA [ f##5E Z tn{alfE A iothub-explorer T E KI5 B .
AT K E 0 ATE Windows 10 A% A B & 2R T By M — N8 ) ToT AR
A] PAA https:/github.com/Azure/azure-iot-sdks/releases | %I 315 &R T E. 58

)G, LR —F B ) Connection Information X AME R Bl “EFEHEFERE” , WH 6-23

FT7 o

o' Device Explorer

Connection Information

Configuration Management Data Messages Tc Device

loT Hub Connection String:

\DcfL6/30yZ8v/+VmSKs=

Update

Key Name sthubowr

iHDsﬂ\Iame=pyloTHub_azure—
devices.net SharedAccessKeyName=iothubownerSharedAccessKey=0sBuGIPUvNzaHXGFv0idVJ

Protocol Gateway HostName:

Shared Access Signature

=]

Key Value  (sBuGIPUvNzaHXGFvOIdVJDcfLE/30yZ8v/+VmSKs=
Target  pyloTHub. azure-devices net
TTL(Days) 365 Generate SAS
K 6-23

Filk 58 Azure ToT Hub [ “ERFRr& " , Hiy Update %4, UK E F| Management
—F=AME 6-24 s —FF, BCRECERI) T .
i Create FHL I — N8 ToT W&, W LAE BB 6-25 s KX iEAE .

WA T, 5 H
AR T

7 Create %], TR &R T EF) Management — 4= L g
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ﬂ Device Explorer - O 4
Configuration Management Data Messages To Device
Actions
| Create  Refresh Update Delete SAS Token..
Devices
Total: O
. Id . PrimaryKey SecondaryKey PrimaryThumbl SecondaryThui Cmnacﬁol

K 6-24
Create Device — O X
Device Authentication
@ Securty Keys (O X509
Device ID: myraspi|
Primary Key: WGatLwySoZRWAsRJgMtB33gpVoFrDAWICXTYSomviR4=
Secondary Key: cSDKKmyLx4YisD7TMXBWYSVk¥SBh SNEhwB7+ztzigM=
[] Auto Generate ID [ Auto Generate Keys
Create Cancel
& 6-25

ZE A LU ToT &G 2 “ERFRH” . ARG UER— PR, 1 6-26

FIT7R o

1% FE Copy connection string for selected device, X544

LREERERE — AR, X

MERHE R AR FF A 2
NIRRT R
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ad Device Explorer — O X

Configuration Management Data Messages To Device

Actions
Create '~ Refesh  Update Delete | SASToken..
Devices
Total: 1
Id F-"limaryl(ey Sacundawl(ey PrimaryThumbl SecondaryThui Connectic

. myraspi WGatlwyS 7 HostName
I R Copydutafor al devic L
Copy data for selected device

Kl 6-26
wmEIEFF

TH¥HEA Python KA Azure IoT Hub e 518, XEBEFEHHE Raspbian OS
Raspberry Pi 7E Al .

A] PLM https://github.com/Azure/azure-iot-sdks T # 3% 3% Azure IoT SDK. %32 Hj
A AR — T Raspberry Pi f32 8 SUAH R /NI E

T 24T, B Far<:

$ sudo nano /etc/dphys-swapfile

AW AT

CONF_SWAPSIZE=100

EEON:

CONF_SWAPSIZE=1024

56 R BRT S 3038 # CAF IR 95 B3 B2 S Raspberry Pi.

5 M URS https://github.com/Azure/azure-iot-sdks.git Z3% SDK for Azure IoT . /5% %%
Azure IoT SDK for C, F§%¢%% Python .
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7E Raspberry Pi Z&3m4a A T [H 2 :

$ sudo apt-get update

$ git clone --recursive https://github.com/Azure/azure-iot-sdks.git
$ cd azure-iot-sdks/c/build all/linux/

S ./setup.sh

S ./build.sh

3% 225 Python FE. # F/python/build allVlinux/FF-H AU F 654

$cd../../../

$ cd python/build all/linux/
$ ./setup.sh

$ ./build.sh

ZRSERUE, P LAfE<sdk azure iot hub>/python/device/samples/ 344 T+ 2 FE SC44 .
SHIZA R H 2842 T, B K X 2] Raspberry Pi Python FE [ EE4E B .

AL T B, #HEEREFEF VIR Azure ToT. X B 2228 1 https://github.com/
Azure/azure-iot-sdks ] Python /-l ACHE . X1 8, ¥ AIEEEAEEEIER] Azure
[oT Hub.

%5 U0 F AR

#!/usr/bin/env python

import random

import time

import sys

import iothub client

from i1othub client import *

# messageTimeout - YH.Bid M B8]

message timeout = 10000

recelve context = 0
avg temperature = 0
avg humidity = 0
message count = 3

received count = 0

# global counters
receive callbacks = 0
send callbacks = 0
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B BEPNER I I TR SEK

¥ MQTT 1E AtEHRITHN

protocol = IoTHubTransportProvider.MQTT

¥ 47 Hostname. Device Id Ml Device Key #&I\HIF R &

# "HostName=<host name>;Deviceld=<device id>;SharedAccessKey=<device

key> m
connection string = "[device connection stringl"
msg txt = "{\"deviceId\": \"<device id>\",\"temperature\": %.2f,

\"humidity\": %.2f}"

b —ERARTFERFERIEER
def set certificates (iotHubClient) :
from iothub client cert import certificates
try:
iotHubClient.set option ("TrustedCerts", certificates)

print ("set option TrustedCerts successful")

except IoTHubClientError as e:
print ("set option TrustedCerts failed (%s)" % e)

def receive_message_callback(message, counter) :
global receive callbacks
buffer = message.get bytearray()
size = len (buffer)
print ("Receilved Message [%d]:" % counter)

print ("Data: <<<%$s5>>> & Size=%d" % (buffer[:size] .decode('utf-8"),

size))
map properties = message.properties ()
key value pair = map properties.get internals /()

print ("Properties: %s" % key value pair)
counter += 1

recelve callbacks += 1
print ("Total calls received: %d" % receive callbacks)

return IoTHubMessageDispositionResult.ACCEPTED

def Send_confirmation_callback{message, result, user context):
global send callbacks
print (
"Confirmation[%d] received for message with result = %s"

(user context, result))
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map properties = message.properties ()

print ("message 1d: %$s" % message.message 1d)

print ("correlation id: %s" % message.correlation 1d)
key value palr = map properties.get internals ()
print ("Properties: %$s" % key value pair)

send callbacks += 1

print ("Total calls confirmed: %d" % send callbacks)

def i1othub client init():

# K iothub &g

iotHubClient = IoTHubClient (connection string, protocol)

# WA IH SIS AR ]

iotHubClient.set option("messageTimeout", message timeout)

1if i1otHubClient.protocol == IoTHubTransportProvider.MQTT:
iotHubClient.set option("logtrace", 0)

1otHubClient.set message callback(
recelve message callback, receive context)

return i1otHubClient

def iothub client sample run():
try:
iotHubClient = l1othub client 1nit ()

while True:
¢ BARRIERGER

print ("IoTHubClient sending %d messages" % message count)

for i in range (0, message count) :

msg txt formatted=msg txt % ((random.random() *4 +10),
(random.random () * 4 + ©60))

# VH R A string or bytearray
if (1 & 1) == 1:
message = IoTHubMessage (bytearray (msg txt formatted,
'utfg8'))

else:

message = IoTHubMessage (msg txt formatted)
# AJi%ER): assign ids
message.message 1d = "message %d" % 1

message.correlation id = "correlation %d" % 1
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# TA[i%H): assign properties
prop map = messade.properties()
prop text = "PropMsg %d" % 1
prop map.add("Property", prop text)
1otHubClient.send event async (message,
send confirmation callback, 1)
print (
"IoTHubClient.send event async accepted message [%d]"
" for transmission to IoT Hub." %
1)
# FfFar L EE IR H
print ("IoTHubClient waiting for commands, press Ctrl-C to

exit")

n =0

while n < 6:
status = 1otHubClient.get send status()
print ("Send status: %s" % status)
time.sleep(10)
n += 1

except IoTHubError as e:
print ("Unexpected error %s from IoTHub" % e)

return
except KeyboardInterrupt:
print ("IoTHubClient sample stopped")

1f name == ' main )=

print ('Demo Azure IoT Hub')

iothub client sample run/()

fE4 connection string A2 &= {H 3 H & #t msg txt & B )<device 1d>AK & ID.
RAFIIA 9 ch06 02.py. BT HAF2:

$ python ch06_02.py

FEFF R &% message count kiR E AR EHKIZEHE . message count BRIAK/M A 3.

ik 6-27 Fras 2P — AR Bl .

Al DUE B &R TR RIEHRITEE . B Data i35, A5 H.d7 Monitor %%
IR EREHHEE . WA 6-28 frni— P anfildt .

b
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0 agusk — pi@raspberrypi: ~/Documents/book — ssh pi@192.168.0.12 — 80x28
pi@raspberrypi:~/Documents/book $ python ch@6_02.py
Demo Azure IoT Hub
Info: IoT Hub SDK for C, version 1.0.13
IoTHubClient sending 3 messages
IoTHubClient.send_event_async accepted message [@] for transmission to IoT Hub.
IoTHubClient.send_event_async accepted message [1] for transmission to IoT Hub.
IoTHubClient.send_event_async accepted message [2] for transmission to IoT Hub.
IoTHubClient waiting for commands, press Ctrl-C to exit
Send status: BUSY
Confirmation[@] received for message with result = 0K
message_id: message_@
correlation_id: correlation_@
Properties: {'Property': 'PropMsg_0'}
Total calls confirmed: 1
Confirmation([1l] received for message with result = 0K
message_id: message_1
correlation_id: correlation_1
Properties: {'Property': 'PropMsg_1'}
Total calls confirmed: 2
Confirmation[2] received for message with result = 0K
message_id: message_2
correlation_id: correlation_2
Properties: {'Property': 'PropMsg_2'}
Total calls confirmed: 3
Send status: IDLE
Send status: IDLE
Send status: IDLE
Send status: IDLE
K 6-27
¢~ Device Explorer = O =
Configuration Management Data Messages To Device
Monitoring
Event Hub: |PyloTHub
Device ID: | TyrSspi
Start Time: |[]108/17/2016 18.08:22 B~
Egnsumereruup; $Default D Enable
Monitor Cancel | Clear
Event Hub Data
8/17/2016 6.13:36 PM> Device: [myraspi]. Data:[{"deviceld". "myraspi"."lemperature”: ~

1275 "humidity™ 60.95}]Properties:
'Property". 'PropMsg_2'

8/17/2016 6:14:35 PM> Device: [myraspi]. Data:[{"deviceld". "myraspi”."lemperature”:
1012 "humidity™: 61.03})Properiies:
'Property”: 'PropMsg_0'

8{17/2016 6:14:35 PM= Device: [myraspi]. Data:[{"deviceld": "myraspi" "temperature™
11.60."humidity™; 62.52}]Properties:
'Property” "PropMsg_1"

8/17/2016 6:14:35 PM= Device: [myraspi]. Data:[{"deviceld" "myraspi” "temperature™
13.20."humidity™; €1.37}]Properties:
'Property" 'PropMsg_2'

K 6-28

AR R 2We? F2 7@ A iothub client sample run()ER#EUIZ1T, AR5 HH



« 102 o B Be BRI I H FF A SE K

iothub_client init() PR EWIEE4LFF R E MQTT 1E AfEH i 3R (3

def iothub client init():
# #E# iothub &/ ¥y
iotHubClient = IoTHubClient (connection string, protocol)
# WA IH SIS AR ]

iotHubClient.set option("messageTimeout", message timeout)

if iotHubClient.protocol == IoTHubTransportProvider.MQTT:
iotHubClient.set option("logtrace", 0)
iotHubClient.set message callback (
recelve message callback, receive context)
return iotHubClient

RIGHIEERIER)HE S . f£1X 8, FA random.random() 1% & i& AR EAE N FEHIE :

msg txt formatted = msg txt % ((random.random() * 4 + 10), (random.
random() * 4 + 60))

¥ JHEBHRmIL A string Bl bytearray ¥

if (1 & 1) ==

message = IoTHubMessage (bytearray(msg txt formatted, 'utfg8'))
else:

message = IoTHubMessage (msg txt formatted)

EEWEIHESBEHIF BT A send event async()&I% 2| Azure IoT Hub:
# A[iER): assign ids

message.message 1d = "message %d" % 1
message.correlation i1d = "correlation %d" % 1
# A[i%EM): assign properties

prop map = message.properties|()

prop text = "PropMsg %d" % 1

prop map.add("Property", prop text)

iotHubClient.send event async (message, send confirmation callback, 1)

FEF R AT n IR n FMEH E XAE message count.
MEAFRZFE

ML AR W AR Be 5 e, T®EEHS: i {EH X &R ? X1,
PAZOE IS 7 A B RS B — SR AR . HLAR AT R R A B T2 9 A S B s S A A
KHEITT [ o

HERKEVERITEISFZAFERMROTN . — DB NRBERT Rl
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—B VGRS R IR AT AR ST R T 8% P B E R EREEE, R EmES e
FAED, —ERAR, WK, FEEBMA G RO oT REREFIRZ RS
AT R AR AR FH O Azure D8R 52 2 B S5 o TSR Azure ML Studio SR &AL

o A, IS AT BAVG A) https:/studio.azureml.net/

FEXBERGITH, ARG ERATRAB—iKEF PR R ES El. S

e ) E Pz SE 1 https://archive.ics.uci.edu/ml/datasets/Iris # A 17 1]

JFRIE !

IR Azure H2E5 3]

B TBEH AN IR Azure TP 77T LIEE Azure LIRSS, 4T FFHI 2851

17 I9] https://studio.azureml.net/ .

)

Azure ML Studio # BIFH P RENL 8 2 A, BREZMILGZINEL, BT
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