) 4

2727

P

H\HVWXC

.H\HVWXGLR 6PDUW +RPH .LW IRU $UGXLQR
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JUTZKTZ

2YHUYLHZ
LW
'RZQORDG 6RIWZDUH ,QVWDOO 'ULYHU

'RZQORDG 6RIWZDUH

. H\HVWXGLR 3/86 '"HYHORSPHQW %RDUG

,QVWDOOLQJ 'ULYHU

$UGXLQR ,'( 6HWWLQJ

6WDUW \RXU ILUVW SURJUDP
+RZWR $GG D /LEUDU\"
3URMHFWYV
BURMHFW /(' %OLQN
SURMKMBMWHDWKLQJ /LIKW
SURMKMBIVVLYH %X]]HU
SURMKPBMWWWRQ 6HQVRU
SURMKHMFWKDQQHO 5HOD\ ORGXOH
SURMKMBWRWRFHOO 6HQVRU
SURMKMB®MXVWLQJ ORWRU 6HUYR $QJOH
SURMMKEFDWQ ORGXOH
3URMHFW 6WHDP 6HQVRU
S3URMHFW 3,5 0RWLRQ 6HQVRU

SURMHFW $@DORNGIDYVRU
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SURMHFW /&' 'LVSOD\
SURMHFERLO +XPLGLW\ 6HQVRU
BURMHFW  %OXHWRRWK 7HVW

Y% 8VLQJ %OXHWRRWK $33
$VVHPEO\ *XLGH
SURMHFMKOWL SXUSRVH 6PDUW +RPH

SHODWHG 5HVRXUFHYV

2YHUYLHZ

7KLY 6PDUW +RPH /HDUQLQJ .LW EDVHG RO ZVAKHLYVEMIG
.H\HVWXGLR ',< 5RERW &R /WG
W VPHDQW IRU WKRVH ZKR GUHDP RI PIRNPLRUWBESE K

WHFKQRORJ\



X
M

ZZZ NH\HVWXC

(QYLVLRQ DQG EXLOG D UHPRWHO\ RS HURIW.GY WA B W\H
\RXU SKRQH RU FRPSXWHU HYHQ ZKHQ \RX UH RXW
7XUQ RQ WKH DLU FRQGLWLRQLQJ ERRWRXS \WRHF H 2 M|
HOHFWURQLF ORFN DQG VHW \RXU /(' ORJKWWKY D@ RE
DXWRPDWLEDOO\ ZKHQ \RX JHW KRPH RQQVHKNQ QWHNX
EHDSSUHFLDWHG

7KH LQWHOOLJHQW OLJKWLQJ VIVWHP DUQRIM RR XS Wt
OLJKWLQJ VFHQHV WR FUHDWH D FR RJIR UNQIBE\® X RA/DIQDRY
WKHVH SUHVHWY HDVLO\ YLD WKH FRQWUROOHU DSS
$V %LOO *DWHV SXWV LW ,Q WKH QH D UDIXW X&RIP HDVKRV
ZLOO EH DV XQIDVKLRQDEOH DV D KRPERLWKRXW ,QWF

6R JR DKHDG DQG JHW VWDUWHG OHW NEXWXKER WKLYV I

LW
$IWHU JHWWLQJ WKLV VPDUW KRPH NLW SSROHDQMWVPD

FRPSOHWH
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1DPH

47<

SLFWXUH

.H\HVWXGLR 3/86 &R
g&RPSDWLEOH ZLW

812h

H\HVWXGLR 6HQVR

'RRGHQ %RDUG 7

KLWH /(" ORGXO

otpmisahay

<HOORZ /(' ORGX

W XWWRQ 6HQV

Button Switch

J

Keyestudio
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3KRWRFHOO 6H{ iNe.

- Keyestudio

3,50RWLRQ 6HQ

04 *DVO6HQVRU

SHOD\ ORGXOH

YOXHWRRWK +0

3DVVLYH %X]]HU ¢

Keyestudio

)DQ PRGXOH

Keyestudio '
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6WHDP 6HQVRU
6HUYR ORWRU
/&' 'LVSOD\ ORG

6RLO +XPLGLW\ 6

86% &DEOH

JHPDOH WR )HPDOH ')

ODOH WR IHPDOH "X3§

O 1LFNHO 3ODWH

00 5RXQG +HDG ¢

O 1LFNHO 3ODWH

0 00 'XDO SDVV
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&RSSHU %XVK
212334
0 005RXQG +HDG 6 1211
0 6WDLQOHVYV o
DDDD
6HOI ORFNLQJ 1
1111111111
0 O0O05RXQG +HDG ¢ TEIRTRTET
0 00 5RXQG +HDG 111111
0 1LFNHO 30DWI o e ey ey @y @
121
0 O0O05RXQG +HDG ¢ %’g%’
X
0 00)ODW +HDG 6 Il
0 00 5RXQG +HE I
Tty

6HOIl WDSSLQJ 61

60RW $$ %DWWHU\

+HDG DQG FP 'HZ

%ODFN \HOOR

+DQGOH 00 &UTF (I - JONID ———
6FUHZGULYHU
R
FP 3LQ) ) -XPSFH ‘( 1
A
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FP 3LQ) ) -XPStH

'‘RZQORDG 6RIWZDUH ,QVWDOO 'ULYHU

'RZQORDG 6RIWZDUH

'KHQ ZH JHW FRQWURO ERDUG ZH QHHG WK GRYQW R G
<RX FRXOG GRZQORDG $UGXLQR ,"(IURP WKH RIILFLDO

KWWSV Z7ZZ DUBALR®RAFKIE5(RQ WKH EURZVH EDU FOL

8'2:1/2%$'6" WR HQWHU GRZQORDG SDJH DV VKRZQ EHOR

ARDUINO

CHOOSE YOUR
FAVOURITE! .,

BUY AN ARDUINO

S AN
ARDUINO-BASED POWER
LEARN ARDUINO [ ] el k2l DU R
M .

7KHUH DUH YDULRXV YHUVLRQV IRU $DGE ®HQRH UMLRQ GH
VI\VWHP ZH ZLOO WDNH :,1'2:6 VIVWHP DV DQ R DWPFS O
GRZQORDG DQG LQVWDOO


https://www.arduino.cc/

X
M
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7KHUH DUH WZR YHUVLRQV IRU :,1'2:6 V\AWWPR @ QBIQRA
RQH LY GRZQORDG YHUVLRQ \RX MXVW XWMIBUVRLE R EQ/

XQJLS LW 7KHVH WZR YHUVLRQV FDQ E HDXQ\CHG RYR)UDARDC

\RXU FRPSXWHU

support t by c uting ust r a ibu
tax dedu but
7 SINCE MARCH 2015 ) HAS BEEN DOWNLOADED
\ ( TIME MPR R JUST FOR ARDUINO AND
s S GENU o OUN E RE
USING DI o HEIR DEVIC NCLUDING C IBLES
':] CLONES, AN cou S. HELP ACCELERATE ITS D OPMENT
1 WITH A SMALL CONTRIBUTION! REMEMBER: OPEN SOURCE IS LOVE!

$3 $5 $10 $25 $50 OTHER

JUST DOWNLOAD CONTRIBUTE & DOWNLOAD

<RX MXVW QHHG WR FOLFN -867 '2:1/2$%$' \MKH QCFHO WRNL\Y k
$QG ZKHQ WKH =,3 ILOH LY GRZQORDGHG MR BW/Q &/L U F

.H\HVWXGLR 3/86 ' HYHORSPHQW %RDUG
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$IWHU GRZQORDGLQJ VRIWZDUH OHWI&6JGMWY WARRNE@R
ERDUG WLV WKHFRUHRIWKHIROORZLQJ FRXUVHYV

H\HVWXGLR 3/86 SRQWURO %RDUG L\ QROZIN2FR FERMW IGE
IXQFWLRQV LV DV VDPH DV $UGXLQR 812 P SHRKYHE HIR/
PDGH KLJKO\ VWUHQJWKHQ LWV | X HVERWW KXW HEK) D
KRZ WR EXLOG FLUFXLW DQG GHVLJQ ARG.H\ HAWNNVGIHRW

&RQWURO %RDUG DV VKRZQ EHORZ

12C communication interface

A
]

14 digital ports
Fix screw « T
Resetbutton“- ‘_O e ‘5 i " N N W N NEN _- - " NN
+ PWM port
S {D11 D10 D9 D6 D5 D3)
Type-c USB port <— §R 6 £ & &
' . : —= 5V
GND
» Serial
e [T1 # =8 communication
. L/ = ) interface
Working voltage« l = | (.
(5Vor3.3v) ; o8 § n — ICSP port

o]s GND

ale 2 5 5V

= el & = 0 B 8w — AD-A5

= . :
» 12C communication
2l eno . interface
IIIIIII ]I' - =" " w
I T
} i !
External powerinterface (A7 /A6) Analog port
(6V-15V, or 9V) Analog port (AD-A5)

Y
Power Input/Qutput port

6HULDO FRPPXQLFDWLRQ LQWHUIDFH ' LV 5; ' LV 7,
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3:0 LQWHUIDFH SXOVH ZLGWK PRGXODWLRQ " " " "'
(I WHUQDO LQWHUUXSW LQWHUIDFHUUXSOWHUUXSW C
63, FRPPXQLFDWLRQ LQWHUIDFH ' LV 6&2 ' ULW02%.,

,,& FRPPXQLFDWLRQ SRUW $ LV 6'$ $ LV G6&/

,QVWDOOLQJ 'ULYHU

/JHWIV LQVWDOO WKH GULYHU RI .H\HYW 86 %R73/8BK&R C
3/86 ERDUG DGRSWV &3 VHULDO FKLXLMKFKES LYHDE
LQ $SUGXLQR YHUVLRQDQGDERYH ZK86% 5WR BR/QRIHER
WKH FRPSXWHU FDQ UHFRJQL]H WKH KRV ®/DI0UH VDKM Bl

&3

1 LQVWDOO XQVXFFHVVIX0OO\ RU \RX RGW 8 QGKW RS H{

PDQDJHU RI FRPSXWHU 5LJKW FOLFN &R'HSYXWHODQDJU



4

ZZZ NH\HVWXC

5 Device Manager e O et
File Action View Help
&5 @ BE B EX®

~ 4 DESKTOP-eng

» Iy Audic inputs and outputs
% Batteries
& Computer
s Disk drives

» [O@ Display adapters
s DVD/CD-ROM drives

~ ) Human Interface Devices

# USB Input Device
> =@ |IDE ATA/ATAPI controllers
@ Mice and other pointing devices
[ Monitors
) Iij’ Metwork adapters
~ BY Other devices
B4 CP2102 USB to UART Bridge Controller
[ Print queues
> I} Processors
B Software devices
S Storage controllers
i3 System devices
i Universal Serial Bus controllers

7KHUH LV D \HOORZ HI[FODPDWLRQ PDUN RQWWIH 5D QF
GULYHU RI &3 XQVXFFHVVIXOO\ 7KHIIGZB GHR BB GHXS(

WKH GULYHU
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CP2102 USE to UART Bridge Controller Properties *
General Driver Details Events

!: CP2102 USB to UART Bridge Controller

Device type: Cither devices

Manufacturer: Lnknown

Location: Port_#0002. Hub_#0001
Device status

[The drivers for thiz device are not installed. {Code 28)

There are no compatible drivers for this device.

Ta find a driver for this device, click Update Driver.

lpdate Driver...

Carcl

&OLFN332." WR HQWHU WKH IROORZLQJ 3WHU FROLKENGE

GULYHU VRIWZDUH ™ ILQG RXW WKH LQYRVORIOW® BH G

VKRZQ EHORZ
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B Update Drivers - CP2102 USB to UART Bridge Controller

How do you want to search for drivers?

—» Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver software
for your device, unless you've disabled this feature in your desice installation
settings.

—> Browse my computer for driver software
Locate and install driver software manually.

Cancel

7KHUH'LYID58ROGHUGRLQR VRIWZDUH LQVWDOOHG S

arduino-1.8.
g B RSHQ GULYHUIROGHUDQG \REFDQ VHF

VHULHV FKLSV

‘HFOLFN3%URZVH WKHQLMQGRYWWKRX FRXOG HQW
VHDUFK LQ UHFWDQJXODU ER[ WKHQ EBLRNW)IIH)OHG
VXFFHVVIXOO\ |, SODFH $SUGXLQR VRIWXRX HRROGHR

P\ ZD\
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4 @ Update Drivers - CP2102 USB to UART Bridge Controller

Browse for drivers on your computer

Search for drivers in this location: / /

M Users\ Administraton,Desktopharduino-1.8.12drivers\ CP210x 6.7 Browse...

~| Include subfolders

—> Let me pick from a list of available drivers on my computer
This list will show available drivers compatible with the device, and all drivers in the

same category as the device,

Cancel

2SHQ GHYLFH PDQDJHU ZH ZLOO ILQG WK VDBGRIDH [|

GULYHU RI1 &3 LVLQVWDOOHG VXFFHVVIXOO\
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! Update Drivers - Silicon Labs CP210x USE to UART Bridge (COMY)

Windows has successfully updated your drivers
Windows has finished installing the drivers for this device:

Silicon Labs CP210x USB to UART Bridge
o
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wy Device Manager
File Action View Help

&« D/ Ha/ B EX®

v % DESKTOP-eng
» iq Audio inputs and outputs
b ﬁ Batteries
3 E Computer
» s Disk drives
» [ Display adapters
- 2 DVD/CD-ROM drives

~ [ Human Interface Devices

» =y IDE ATAJATAPI controllers

Keyboards
> 8 Mice and other pointing devices =
» [ Monitors
5 I Network adapters /
~ B Ports (COM & LPT)
ﬁ Silicon Labs CP210x USB to UART Bridge (COMT)

» 0 Print queues
3 n Processors

! Software devices
> & Storage controllers
» Em@ System devices

i Universal Senal Bus controllers

$UGXLQR ,'"(6HWWLQJ

LFERSHQ $UGXLQR ,'(
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&% sketch_apr03a | Arduino 1.8.12 - O pt
File Edit Sketch Tools Help

sketch_apr03a

wvoid setup() { ~
// put your setup code hers, to rum once:

1

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

}

/RDYRLG WKHHUURUV ZKHQ XSORDGLQRXV®HFW® WRJDH
WKH FRUUHFW $UGXLQR ERDUG WKDW HMRD\W K K H\R W& XWEH
7KHQ FRPH EDFN WR WKH $UGXLQR VRIWZ® R B UR XVWIOR

WKH ERDUG DV VKRZQ EHORZ
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&8 sketch_apr03a | Arduina 1.8.12 e O x ‘

File Edit Sketch Help
T . Auto Format Ctrl+T Reomeds Manager.
| Archive Sketch &
sketch_apr03a | Fix Encoding & Reload Arduinc AVR Boards
void setup() || Manage Libraries... Ctrl+Shift+1 Arduino Yin
// put your Serial Monitor Ctrl+Shift+M
| Seral Plotter Ctrl+Shife+L Arduino Duemilanove or Diecimila

Arduino Mano

WiFi101 / WiFININA Fi Updat :
o £ et Arduino Mega or Mega 2560

void loop() {

£ BN I Board: "Arduino Uno" I : Arduino Mega ADK
1 Port 1 Arduino Leonardo
Get Board Info Arduino Leonardo ETH

Programmer: "AVRISP mkl|” R
Arduino Esplora
Arduino Mini

Arduino Ethernet
Arduino Fio

Arduino BT

LilyPad Arduino USB
LilyPad Arduino
Arduino Pro or Pro Mini
Arduino NG or older
Arduino Robot Control

Burn Bootloader

Arduino Robot Motor
Arduino Gemma

Adafruit Circuit Playground

Arduina U Arduino Yan Mini

7KHQ VHOHFW WKH FRUUHFW &20 SRUW Q\WR&20D8R Y MHDWV

WKH GULYHU LV VXFFHVVIXOO\LQVWDOOHG
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9 sketch_apr03a | Arduino 1.8.12 - [m} *

File Edit Sketch

Help

,;;r?a 7 4 Auto Format Ctrl+T
| Archive Sketch
sketch_apr03a | Fix Encoding & Reload
void setup() {  Manage Libraries.. Ctrl+Shift+ 7
f/ put your . . -
Serial Monitor Ctrl+Shift+M
1 Serial Plotter Ctrl+Shift+L

oid, Teepill I WIFi101 / WiFININA Firmware Updater

// put your

Board: "Arduino Uno” 4l
} I Port: "COM7 (Arduino Uno)" I 3 Serial ports
Get Board Info | COM1

+  COM7 (Arduino Uno)
Programmer: "AVRISP mkll" i |

Burn Bootloader

Arduino Uno on COMT

%YHIRUH XSORDGLQJ WKH SURJUDP W RHWXKIHEIKQUW G/ LARHV

HDFK VIPERO LQ WKH $UGXLQR ,"( WRROEDU
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&9 sketch apr03a | Arduino 1.8.12 — O x

File Edit Sketch Tools Help

$ 8VHG WR YHULI\ ZKHWKHU WKHUH LVBRW\ FRPSLOLQJ

% 8VHG WR XSORDG WKH VNHWFK WR \RXU $UGXLQR ER
& 8VHG WR FUHDWH VKRUWFXW ZLQGRZ RI D QHZ VNHW
' 8VHG WR GLUHFWO\RSHQ DQ HI[DPSOH VNHWEFK

( 8VHG WR VDYH WKH VNHWFK

) 8VHG WR VHQG WKH VHULDO GDWD UHFHPRIDEWMRRP EF

6WDUW \RXU ILUVW SURJUDP

2SHQ WKH ILOExampleVARRIRWHLIIURRS$S6, HV VKRZQ EHORZ
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@ sketch_apr03a | Arduinc 1.8.15- A g %

File|Edit Sketch Tools Help | Built-in Bxamples | _

i Mew Ctrl+ N i A AnalogReadSerial
Open... Ctrl+ O 02.Digital 1 BareMinimum
Open Recent s 03.Analog |
Chcth ok , 04.Communication ! DigitalReadSerial

Y 05.Control q Fade
Eleree Cirl+W | 06.5ensors 5 ReadAn_ang‘l.l’oItage |
Save Ctrl+5S 07.Display |
Save As... Ctrl+Shift+5 08.5trings >j
| 09.USB »|
Raye Setp - CiekiStatER 10.5tarterKit_Basickit ¥
P Cerl+P | 11.ArduinolSP 5|

Preferences Ctrl+Comma Examplas Fok s e

Quit Cirl+ 0 . Adafruit Circuit Playground > |
Bridge 2|
Esplora »
Ethernet |
Firmata |
GSM 2|
LiquidCrystal » bt

Robot Control 3
Robot Motor »
SD »
Servo ¥

SpacebrewYun »

Stepper >

&9 Blink | Arduino 1812 - m] X
File Edit Sketch Toaols Help

// the setup function runs once when you press reset or power the
void sgetup() {
/f initialize digital pin LED BUILTIN as an output.

pinMode (LED N, CQUTPUT);

again forewver

turn the LED on (HIGH is t

e
wait for a second
turn the LED off by making
y{1000}; wait for a second
} v
< >

6HW ERDUG DQG &20 SRUW WKH FRUUHVSBI G KRZQ RIL
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WKH ORZHU ULJKW RI ,'(

&% Blink | Arduino 1.8.12 - O x
File Edit Sketch Tools Help

Blink
y i %
// the setup function runs once when you press reset or power the
void setup() {
// initialize digital pin LED BUILTIN as an output.
pinMode (LED BUILTIN, OUTEUT);
t
/{ the loop function runs over and over again forewver
void loop() {
digitalWritce (LED BUILTIN, HIGH); // turn the LED on (HIGH is 1
{1000} ; /f wait for a second
gitalWrite (LED BUILTIN, LOW); // turn the LED off by making
delay (1000} ; // wait for a second
} v
< >

Arduing

&O.WR VWDUW FRPSLOLQJ WKH SURJUDP FKHFEN HUUF
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&2 Blink | Arduino 1.8.12 - O X

File Edit Sketch Tools Help

// the setup function runs once when you press reset or power the
wvoid setup() {

// initialize digital pin LED BUILTIN as an output.

pinMode (LED BUILTIN, CUTFUI):

// the loop function runs over and over again forewer
void loop() |

digitalWrite (LED BUILTIN, HIGH); S/ turn the LED on (HIGH is t

delay (1000} ;7 // wait for a second
digitalWrite (LED BUILTIN, LOW); {{ turn the LED off by making
delay (1000} ; // wait for a second

&O-NVR XSORDG WKH SURJUDP XSORDG VXFFHVVIXOC



// the setup function runs once when you press reset or power the
wvoid setup() {
// initialize digital pin LED BUILTIN as an output.

pinMode (LED _BUILTIN, OUTFUT):
}
// the loop function runs over and over again forewer
LED BUILTIN, HIGH):; S/ turn the LED on (HIGH is t
// wait for a second
ED BUILTIN, LOW): // turn the LED off by makinc

// wait for a second

8SORDG WKH SURJUDP VXFFHVVIXOO\ IRKHW @ IERDVNGR

V &4RQJUDWXODWLRQ \RXILQLVK WKH ILUVW SURJUDTF

+RZWR $GG D /LEUDU\"

=NGZ GXK 20HXGXOKY %

20HXGXOKY GXK G IURRKIZOUT UL IUJK ZNGZTSTKQEK Y ® B
YKTYUX JOYVRG_ SUJ[RK KZI

JUX KAGSVRK ZNK H[ORZ OT 20W[0J)X Z2MZGR BOWXBE _
'NKXK GXK N[TJXKJY UL GJJOZOUTGR ROHXGXKB®KKZGLG
JUJTRUGJ

'NK HI[ORZ OT ROHXGXOKY GTJ YUSK ULKXNKXYKKRXJVYDKDO


https://www.arduino.cc/en/Reference/Libraries
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XKLKXKTIK

KXK]K]JORR OTZXUJ[IK ZNK SUYZ YOSVRK |EOKYX UJ[ Z
9ZKV YyLZKX JU]JTRUGJOTM ]JKRR ZNK 'XJ[OTIROH€Q ZNKIGM
UL 'XJ[OTU /*+

,OTJ ZNK UVZOUT 5S5VKTLORKRUIGZOUT YNU]T GY HKRL

Troubleshoot compatibility

Open file location

9ZKV +TZKXOZZULOTJU[ZROHXGXOEBX LURRK XN ® IR
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i Favorites

Bl Desktop
4 Libraries
[ Documents
J‘F Music
[E=| Pictures
B Videos
t@ Homegroup
A zuckejian
1% Computer
?j Metwork
53 Control Panel
o Recycle Bin

L wugui

MName

, drivers

. examples

. hardware

J java

) lib

. libraries

. reference

| tools

| tools-builder
@ arduino

4 | arduino 4

@ arduino_debug
4 | arduino_debug.l4j
[ arduino-builder
1% libusb0.dll

%) msvepl00.dil
1% msverl00.dil
| revisions

| wrapper-manifest

Date modified

2020/6/16 11:44
2020/6/1611:44
2020/6/16 11:44
2020/6/16 11:44
2020/6/1611:44
2020/6/16 11:44
2020/6/1611:44
2020/6/1611:44
2020/6/16 11:44
2020/6/1611:44
2020/6/16 11:44
2020/6/1611:44
2020/6/1611:44
2020/6/16 11:44
2020/6/1611:44
2020/6/1611:44
2020/6/16 11:44
2020/6/1611:44
2020/6/16 11:44

Type

File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder

Application

Cenfiguration sett...

Application

Configuration sett...

Application

Application extens...
Application extens...
Application extens...

Text Document
XML Document

Size

12KB
1KE

69 KB

1 KB
18137 KE
43 KB
412 KB
153 KB
94 KB
1KE

9ZKV y4K"*"Z ZU LOTIRJHAZNKOKY UL YSGXKKTOH QNK R(

NZZVY

LY QK KYZ[JOUGIY $NUY]T HKRU]
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© » Starter kit » KS0085 Smart Home Kit for Arduino Q
Overview Hide

o describe this folder and turn it into a Space Show examples
Name + Modified - Members - HE
1. About keyestudio -- Only you
2. Tutorial for Arduino == Only you
3. APP -- Only you
4. Tutorial for Mixly == Only you

5. Installation gquide -- Only you
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+ » 2. Tutorial for Arduino Q
Overview Hide
-k here to describe this folder and turn it into a Space Show examples
Name + Medified - Members = =

1. Arduino Software 2 Only you
2. Getting Started With Arduino = Only you
3. Tutorial 5 Only you
4. Arduino code a7 Only you

<5. Arduino IibrawD - Only you

# » 2. Tutorial for Arduino > 5. Arduino library files

Overview
here to describe this folder and turn itinto a Space | Show examples
Create new file
Name + Modified - Members -
LiquidCrystal_I2C o Only Share -

Servo = Only Share | -~
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LURJKX UL 'XJ[OTU /*+

LiquidCrystal 12C

Semvo

U[P[YZ TKKJ ZU XKVROI __.. _

- . _KOTZU ENK X G XO|

'NK ROHXGX_UL NUSKYSGXZOY Y[IIKYYLHRRUIPTYZGRF

Adafruit Circuit Playground

Bridge

Esplora
Ethernet
Firmata

G5M

IRremote
Keyboard
LiquidCrystal
LiquidCrystal 12C
Mouse
Robot_Control
Robot Motor
RobotlRremote
sD

Servo
SpacebrewYun
SR04

Stepper
Temboo

TFT

WiFi

[ keep

2020/2/12 10:22
2020/2/13 10:32
2020/2/13 10:32
2020/2/12 10:32
2020/2/13 10:32
2020/2/12 10:32
2020/8/18 14:15
2020/2/13 10:32
2020/2/12 10:22
2020/8/26 9:38

2020/2/13 10:32
2020/2/12 10:32
2020/2/13 10:32
2020/2/12 10:32
2020/2/12 10:32
2020/2/13 10:32
2020/2/12 10:22
2020/8/17 15:51
2020/2/13 10:32
2020/2/12 10:32
2020/2/13 10:32
2020/2/12 10:32

2020/2/13 132

=
=
=
=
g
=
=
g =
=
=
i
=
g
=
=
=
=
=
=
=
g
=
KEEP 37
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SURMHFWYV

$OULIKW OHWIV JHW VWUDLJKW WRHRRUFURWMHFNRWU
PRGXOHV LQFOXGHG :H ZLOO VWDUW ZHWRXWK® R WX
VPDUW KRPH GHHSO\

+RZHYHU LI\RXDUHDQ HQWKXVLDVW ZXLARK ®GGCMLLBRW

VWHSY DVVHPEOH WKH VP DWKNHKIRIPIH/NOLWW B REB B FWIGB HR

1RWH ,Q WKLV FRXUVH WKHLQWHUIDFH RI RDHKGVH GAKF
* *1' LQGLFDWHY WKH QHJDWLYH SROH * LFWRUFRIQQHF
RI'VHQVRU VKLHOG RUFRQWURO ERDUG 32:QNIHGSRW.RNVIL

RU9&& RU 9
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ZZZ NH\HVWXC

SURMHFW /(' %OLQN

ﬂ - “‘\ﬁ/ | s\i;f/

'HVFULSWLRQ
‘HfYH LQVWDOOHG WKH GULYHU Rl .HRDMWGXGLR 9 GH
,Q WKLY OHVVRQ ZH ZLOO FRQGXFW DQNH[SHULPHQW W
3RZHU RQ *1'DQG 9&& WKH /(' ZLOO OLJKW LXIK ZKHNHDL .
WKH FRQWUDU\ /(' ZLOO WXUQ RIl ZKHQ VLJQDO HQG 6 |
,Q DGGLWLRQ WKH GLIIHUHQW EOLQMHE EYU B GWVKYRN LF

GHOD\HG WLPH

6SHFLILFDWLRQV
&RQWURO LQWHUIDFH GLJLWDO SRUW
'RUNLQJ YROWDJH '& 9
3LQ SLWEFK PP
/(' GLVSOD\ FRORU ZKLWH

'LVSOD\ FRORU ZKLWH
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ZZZ NH\HVWXC

KDW <RX 1HHG

3/86 &RQ\ B6HQVR :KLWH /( 86 % SLQ ) ) 'XS

%RDUG 6KLHO ORGXOH &DEOH &DEOH

L m POWER ANALOG IN
# (?;SUGNDUIN 012345

Ea 35

bmm URF 01+ SN

'H XVXDOO\ FRPELQH $UGXLQR FRQWUR O PERREIXOH ¥ LD\
PXOWLSOH VHQVRUV ZKLFK LV GLHKLY¥XB®WWRJALKIIH @GR
SUREOHP \RX MXVW QHHG WR VWDFN RQUIK\BANWXGR R 8

LW

7KLV VKLHOG FDQ EH GLUHFWO\ LQV HHIDWM R X /W\RK I3 AR

XVHG FRPPXQLFDWLRQ SRUWYV DV ZHOO VROK D&



)ii
ZZZ NH\HVWXC

FRPPXQLFDWLRQ 63, FRPPXQLFDWLR@RRBWIVYWR DHJ

EXWWRQ DQG VLJQDO OLJKWV

3LQV 'HVFULSWLRQ
3mm

D13 led
fixed hole

VCG power input
(default 5VY)

A

AREF

lra
Jaacl

Dlgital port
DO-D13

GND
Electroly
capacitor
NG APG220
D1 headers

QY power |nput-<3y - q
i< 2 I DA 5UGND
Sl UW“““ SCLS . 00

anal al 28 .-L.\AQF\
llu serial
o Pouer — ANALOG IN () [T
%5UGNDU1N 012 3 4 5

reset button

jumper cap
nterface
(defaylt connected)||®

Analog
URF

port ) ¢
onnect y external = ntertace
AO-A5
power negati SPI Y !
&° 12C communicatic
headers
Ceramic

connect to external

power positive capacitor

'LULQJ 'LDJUDP
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ZZZ NH\HVWXC

I1H[WWR ZLUH OLQN /(' PRGXOH ZLWK "' RIVKLHOG

000D 0OO 00000000

Sensor Shield V5.2

G

S
AREFGND13 12

1RWH * 9DQG 6 RI ZKLWH /(' PRGXOH DUH O HQINMHBVZLIIRW

ERDUG

THVW &RGH

. H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR

SURMHFW

% OLQN

KWWS Z7ZZZ NH\HVWXGLR FRP

YRLG VHWXS A~
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ZZZ NH\HVWXC

LQLWLDOL]JH GLJLWDO SLQ DV DQ RXWSXW

SLQORGH 287387

WKH ORRS IXQFWLRQ UXQV RYHUDQG RYHU DJDLQ IR!

YRLG ORRS ~#

GLJLWDO:ULWH +, %+ WXUQ WKH JHFROMH YHHO+ LV
GHOD\ ZDLW IRUD VHFRQG
GLJLWDO:ULWH /2 WXUQ WKH /(DRH EA:PDNLQ
GHOD\ ZDLW IRUD VHFRQG

THVW 5HV XOW
8SORDG WHVW FRGH VXFFHVVIXOO\ ZXKKWMNHRQ VRAUD U Wi

OLJKWYV RII IRU PV DOWHUQDWHO\

&RGH ([SODQDWLRQ
7KH FRGH ORRNV ORQJ DQG FOXWWHU EXW/ RR\IW RP ZK
RI $SUGXLQR LV EDVHG RQ &
&RPPHQWY JHQHUDOO\ KDYH WZR IRUPV RI H[SUHVVLR(
VXLWDEOH IRU ORQJ SDUDJUDSK FRPPHQWYV

VXLWDEOH IRUPRQR OLQH FRPPHQWYV
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ZZZ NH\HVWXC

7KH FRGH FRQWDLQV PDQ\ YLWDO LQIRUPWWHRIQ/ VXX

DJUHHPHQW HWF
6WDUWHU PXVW GHYHORS D JRRG KDELW RI ORRNLQJ W
7KH FRPPHQWV PDMRU SDUW RI WKH ZKRQH QAR GRD G

LQIRUPDWLRQ DQG GR KHOS \RX XQGHUVWDQG WHVW F

WKH VHWXS IXQFWLRQ UXQV RQFH ZKHIQH\ERBWGE VV U

YRLG VHWXS A~

LQLWLDOL]JH GLJLWDO SLQ DV DQ RXWSXW

SLQORGH 287387

$FFRUGLQJ WR FRPPHQWYV ZH ZLOO ILQG SALKIDMR B KWK

GLIJILWDO RXWSXW LQ VHWXS IXQFWLRQ

6HWXS LV WKH EDVLF IXQFWLRQ RI $UGXIQQBXDQE& Q

SURJUDP

WKH ORRS IXQFWLRQ UXQV RYHU DQG RYHU DJDLQ IR!
YRLG ORRS ~
GLJLWDO:ULWH b+ WXUQ WKH (HFOMH VHO+ LV
GHOD\ ZDLW IRU D VHFRQG

GLJLWDO:ULWH 12 WXUQ WKH /(DRH EA:PDNLQ
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H\HVWXC

GHOD\ ZDLW IRU D VHFRQG

/IRRS LV WKHQHFHVVDU\IXQFWLRQ RRSD®@XOLW R HLWLIPI
SVHWXS ~H[HFXWHV RQFH

,Q WKH ORRS IXQFWLRQ DXWKRU XVHV
GLIJLWDO:ULWH +, %+ WXUQ WKH JHFROHYHO+ LV W
GLJLWDO:ULWH VHW WKH RXWSXW YYRYOMODJIJH RDNSHQ

RXWSXW KLIKOHYHO WKHQ WKH /(" OLJKWV RQ

GHOD\ ZDLW IRUD VHFRQG
'HOD\ IXQFWLRQ LV XVHG IRUGHOD\LQJPVLPH PV LV
GLIJLWDO:ULWH /2 WXUQ WKH /(DRH EA:PDNLQJ

6LPLODUO\ ZH PDNH' RXWSXW ORZ OHYHO /('"ZLOO W

GHOD\ ZDLW IRUD VHFRQG

'HOD\ IRU V OLJKW RQ /(' NHHS RQ VQOVJKWHRUDWMH
SURFHVYV /(" IODVKHV ZLWK VHFRQGLQWHUYDO

KDW LI\RX ZDQW WR PDNH /(" IODVK UDSLGIOWKR X BQXl
GHOD\ EORFN 5HGXFLQJ WKH GHOD\ YRAXZDLWSIOL MKR

WKDW LV IODVKLQJ UDSLGO\ &RQY HUWWHWVA RRA\FRXOG
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H\HVWXC

SURMHFWUHDWKLQJ /LIKW

Breathing light

'"HVFULSWLRAQ
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ZZZ NH\HVWXC

,Q WKH SUHYLRXV OHVVRQ ZH FRQWUROLQNRQ DQG RII
,Q WKLV SURMHFW ZH ZLOO FRQWUROR (VERX0 RW® HEVOH
HITHFW 6LPLODUO\ \RX FDQ FKDQJH WRH VQVWE IO ARGW

WR GHPRQVWUDWH GLITHUHQW EUHDWKLQJ HITHFW

3:0LVDPHDQV RIFRQWUROOLQJ WKH DDV RLIJR XAD XA/
LV XVHG WR JHQHUDWH VTXDUH ZDYHV DLWKJGDOHWI
FRQVWDQWO\VZLWFKHY EHWZHHQ KLWK B @® D@ R ORIXW
JHQHUDO WKH LQSXW YROWDJH Rl SRUWLNUH PXDQ 8 G¢
ZKDW LI VZLWFK DPRQJ 9 9DQG 9" :H FRQYW B RDNDA

WKLV VLWXDWLRQ ZH QHHG WR FRQWURO E\ 3:0

a

Duty Cycle: 05

Voltage

Time

JRU WKH $UGXLQR GLJLWDO SRUW Y R WG R XW KW F K
FRUUHVSRQG WR WKH YROWDJH RXWSXW RIDY DQQGH9

+,*+DV DQG OHW WKH $UGXLQR RXW S XMW LIW KILKQX Q/GHUF IR
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ZZZ NH\HVWXC

I RXWSXW ILYH KXQGUHG

PRYLH 7KHPRYLHZH ZDWFK DUH QRW FRRIXOBOOHROXWRS
SLFWXUHV SHU VHFRQG
ZDQW GLITHUHQW YROWDJH QHHG WR KR®PWURO WH Q

RXWSXW SHU XQLW WLPH WKH PRUH DFFXUDWHO\ FRQ)\

KDW <RX 1HHG

WKDW LV 9VLIODAM®RRWZBK

LQ WKLV ZD\ WKHQ WKH RXWSXW ®SRUW VYKRZI

,Q WKLV FDVHWXKH IGRPHDVQ3FO

3/86 &RQ] 6HQVR <HOORZ SLQ) ) 'XS
86% &DE
%RDUG 6KLHO( ORGXOH &DEOH
g D
~ " ‘4f¥hr]
\’/

LULQJ 'LDJUDP




/7 6 5 4

1RWH RQ VHQVRU VKLHOG WKH* 9DQG ®IHQQ/LRINHG C

* 9DQG

THVW &RGH

.H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR
SURMHFW
3:0

KWWS Z7ZZZ NH\HVWXGLR FRP

LOQW OHG3LQ '"HILQH WKH /(' SLQ DW

YRLG VHWXS N

SLQORGH OHG3LQ 287387 LQLWLDOL]H OHGSLQ
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H\HVWXC

YRLG ORRS "

IRU LQW YDOXH YDOXH YDOXH YDOXH A
DQDORJ:ULWH OHG3LQ YDOXH KSOLJKWV JUDG X
GHOD\ GHOD\ 06
IRU LQW YDOXH YDOXH! YDOXH YDOXH A
DQDORJ:ULWH OHG3LQ YDOXH /(' JUDGXDOO\ JR
GHOD\ GHOD\ 06

8SORDG WHVW FRGH VXFFHVVIXOO\ /WRHUDGKHD® GDBM

KXPDQ EUHDWK UDWKHU WKDQ OLJKW RQDQG RIILPPH
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ZZZ NH\HVWXC

&RGH $QDO\VLYV

'KHQ ZH QHHG WR UHSHDW VRPH VWDWH P @MY HZHAMK D Y

JRUVWDWHPHQW IRUPDW DV IROORZV

@ @ condition is true @
for (cycle initialization; cyde condition; Joycle adjustment statement) {
3 loop body statement;

}

3IRU” F\FOLF VHTXHQFH

SRXQ®%B | 1 |

SRXQ®% | |

«

8QWLO QXPEHU LV QRW HVWDEOLVKHG 3IRU"ORRS LV
$IWHU NQRZLQJ WKLV RUGHU JR EDFN WR FRGH

IRU LQW YDOXH YDOXH YDOXH YDOXH A~

IRU LQW YDOXH YDOXH! YDOXH YDOXH A
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7KH WZR 3IRU'VWDWHPHQW PDNH YDO X I WUMFRINXFHVIK RPR
WR WKHQLQFUHDVH WR LOQILQLWH ORRS

7KHUH LV D QHZ IXQFWLRQ LQ 3IRU" VWDWHPHQW D

‘HNQRZ WKDW GLJLWDO SRUW RQO\ KDV WZRQ\GVDINCHIRI(
YDOXH WR D GLILWDO YDOXH" +HUH ZH{ V@K & UNGKKLL\Q IRX E
DQG \RX ZLOO ILQG SLQV ZLWK 2a’ 7KHYU BUB\GDQBUR

RXWSXW 3:0VLIJQDOV

)YXQFWLRQ IRUPDW DV IROORZV

DQDORJ:ULWH SLQ YDOXH

DOQDORJ:ULWH LV XVHG WR ZULWH DQ BQID®RUW DORK W
YDOXHLVLQ WKHUDQJH RI a DWWHKQMWGRIJL WRDVS LR

3:0 IXQFWLRQ VXFK DV SLQ

3:0 LV D WHFKQRORJ\ WR REWDLQ DQDURBPHWRR®W LWJ I
FRQWURO IRUPV D VTXDUH ZDYH DQG WPBRKN WI2FROVUW X}
VZLWFKLQJ WKDW LV KLIJKRUORZ OHRQG®YVRORXQ LBWK
WKH GXUDWLRQ RIRQ DQG RII D YROWDJN LYDXODQHI® R
WLPH WDNHQ DFDGHPLFDOO\ UHIHUWS$PGCOWR BNV &KW KK \DRY

DOVR FDOOHG SXOVH ZLGWK PRGXODWLRQ
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TKURXJK WKH IROORZLQJILYH VTXDUHXWWBHNV OHWI{V N

Pulse Width Modulation

0% Duty Cycle - analogWrite(Q)
Sv

Oy

25% Duty Cycle - analogWrite(64)

T T

0w

50% Duty Cycle — analogWrite(127

Sv

v

75% Duty Cycle = analogWrite{151)

U UL

100% Dury Cycle = analogWrite(255)
L |

Gy - e ms e i Ak

Ov ‘

' Q WKHDERYH ILIXUH WKH JUHHQ O L QHOWXHHSRII HDVQHIQONRV
FRUUHVSRQGVY WR D SHUFHQWDJH ZK L BK 'IXWH FORCHGL' KX §
WKDW KLJK OHYHO GXUDWLRQ LV GIQVDGRHBOE QRBREZPOW!
ERWWRP WKH GXW\F\FOHRIILUVW VTXBEB GDYH YLNO XI
7KH /(' EULJKWQHVV LV ORZHVW WK DWKILA KVOXLY®! @ 10 D\
EULJKWHU WKH /(" 7TKHUHIRUH WKH OB RREX\MVE\EQG \
/(' LV EULJKWHVW PHDQV GDUNHU

3:0 PRVWO\ LV XVHG IRUDGMXVWLQJ WK® VS HENG RIVPRHN
W SOD\V YLWDO UROH LQ FRQW UR O @/KDMW FROXURMD QR &R

HQWHU QH[W SURMHFW



BUZZER o))

SURMHFMDVVLYH %X]]HU ‘_ 1y

Keyestudio

'"HVFULSWLRQ

7KHUH DUH SUROLILF LQWHUDFWLY H KRIUPNRW R\R PFS RORHRAOH
LV VRXQG DQG OLJKW GLVSOD\ :H DOZD\VQXW\H )R WWR |
OHVVRQ ZH GHVLJQ FLUFXLW WR HPLWRRPSRE® HQKM VX
EX]JHUDQG KRUQV %X]]JHU LV HDVLHUMWERXMW 3D\GLEX]
DQG SDVVLYH EX]]JHU ,Q WKLV H[SHULPHQW ZH DGRSW
:KLOH XVLQJ SDVVLYH EX]]JHU ZH FDQ FRQBMWRW LGLI A1
ZDYHV ZLWK GLVWLQFW IUHTXHQF\ 'X0QWUIRWKAR B |5 W&

EX]]JHU VRXQG EHJLQ ZLWK 3WLFN WLHNEXRMNQ G PN WHC
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ZZZ NH\HVWXC

PLIDVRODVLGR” DQG SOD\VSHFLILF VRQJV

KDW <RX 1HHG

3/86 &RQ 6HQVR 3DVVL)Y SLQ) ) 'XS
86% &DE
%QRDUG 6KLHO( %X]]JHU &DEOH
- ’ 2
‘Wﬁ

'LULQJ 'LDJUDP

7KH* 9DQG 6 SLQV RISDVVLYH EX]]JHU DUH FRQQHFWH
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H\HVWXC

THVW &RGH

H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR
SURMHFW
% X]]HU

KWWS ZZZ NH\HVWXGLR FRP

LQW WRQHSLQ 6HW WKH 3LQ RI WKH EX]]HU WR WK

YRLG VHWXS

N

SLQORGH WRQHSLQ 287387 6HW WKKWBXMW/DO |,

YRLG ORRS

N

XQVLJQHG FKDU L M

ZKLOH
N
IRU L L L RXWSXW DIUHTXHQF\ VRXQG
N
GLILWDO:ULWH WRQHSLQ +,*+ BRXQG

GHOD\ ‘'HOD\ PV
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H\HVWXC

GLIJLWDO:ULWH WRQHSLQ /2: 1R VRXQG
GHOD\ 'HOD\ PV
IRU L L L RXWSXW VRXQG RIDQRWKHU |
N
GLILWDO:ULWH WRQHSLQ +,*+ BRXQG
GHOD\ GHOD\ PV
GLIJLWDO:ULWH WRQHSLQ /2: 1R VRXQG
GHOD\ GHOD\ PV

JURP WKH DERYH FRGH DQG GHFL G HHIRHHJWH QGO I

FRQWUROV GXUDWLRQ OLNH WKH EHDW LQ PXVLF
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ZZZ NH\HVWXC

HZLOO SOD\IDEXORXV PXVLF LI ZH FR2MAQ®R O/IRJE AXH @

RXW WKHIUHTXHQF\ RI WRQHV $V VKRZQ EHORZ

% DY V

7RQH 1

%
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ZZZ NH\HVWXC

$OW R

7RQH 1

%
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H\HVWXC

7UHEOH

7RQH 1

%

$IWHU NQRZLQJ WKH IUHTXHQF\ Rl WRQOWKHQERWW B GRQ.

PXVLF ZLOO EH SURGXFHV ZKHQ HYHU\ CGRRWH. B DAK HD (R
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ZZZ NH\HVWXC

UK\WKP LV GLYLGHG LQWR RQH EHDW KZHOVWH 5 XO D WHIl
WLPH IRUD QRWH WR EH KDOIl EHDW LVDODW LV EHDW LV

7TKHUHIRUH WKH PXVLF LV SOD\HG

'HZLOO WDNH H[DPSOH RI132GH WR MR\~

Ode to joy

Beethoven
1=D 4

3 3 4 5 5 4 3 2 |1 1 2 3 3-22"|

Joy=ful, joy—ful. we a- dorethee, God of glo—- . lord  of love.

3 3 4 O > 4 3 2|11 2 3 E-I_I'|
Heart un~flod like flowers be=fore thee, O-pening to the  sun  a =bove.

|¢.

EEEBIEFE T FAIFF R FARSE ¥

Melt the clouds of sin and  sad-ness. rive the  dark of doubts a— way.Giv—

3845|5643 42|1 128|2.11-]]
—ver of im — mor-tal glad-ness, full us with the light of day,

JURP QRWDWLRQ WKH PXVLF LV EHDW
7KHUH DUH VSHFLDO QRWHV ZH QHHG WR H[SODLQ
1RUPDO QRWH OLNH WKH ILUVW Q RWH F\F RRURIFK\ES R B |

7KH QRWH ZLWK XQGHUOLQH PHDQV  EHDW
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7KH QRWH k..o KPEB BAW WKDW EHDW LV DGEHOWKDW LV

7KH QRWH ZLWK"2" UHSUHVHQWYV WKDWEHIHWDW LV DG

7KHWZR VXFFHVVLYH QRWHYV ZLWK DOEXIVEO\ PRIGD M
IUHTXHQF\RI WKH QRWH EHKLQG OHJDW RXJHKHG MWHR GHHE

RULQFUHDVLQJ VRPH YDOXHV WKH VRXQG ZLOO EH PR

H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR
3URMHFW
% X]]HU PXVLF

KWWS 7Z2ZZ NH\HVWXGLR FRP

GHILQH 17"
GHILQH 17"
GHILQH 17"
GHILQH 17"
GHILQH 17"
GHILQH 17"
GHILQH 17"

GHILQH 17"

GHILQH 17"/



b4
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GHILQH 17"/
GHILQH 17"/
GHILQH 17"/
GHILQH 17"/
GHILQH 17"/

GHILQH 17"/

GHILQH 17"+
GHILQH 17"+

GHILQH 17"+

GHILQH 17"+

GHILQH 17"+

GHILQH 17"+

GHILQH 17"+

/ILVW DOO ' WXQHG IUHTXHQFLHYV
GHILQH :+2/(

GHILQH +$/)

GHILQH 48%$57(5

GHILQH (,*+7+

GHILQH 6,;7((17+

/ILVW DOO EHDWYV

LQW WXQH >@ /ILVW HDFK IUHTXHQF\ DFFRUGLQJ WR
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H\HVWXC

i7" 17" 17" 17

i7" 17" 17" 17

i7" 17" 17" 17°

i7" 17" 17°

i7" 17" 17" 17

i7" 17" 17" 17

i7" 17" 17" 17°

i7" 17" 17°

i7" 17" 17" 17°

i7" 17" 17" 17" 17°
i7" 17" 17" 17" 17°
i7" 17" 17'/ 17

i7" 17" 17" 17

i7" 17" 17" 17" 17
i7" 17" 17" 17°

i7" 17" 17°

IORDW GXUW >@ /ILVW WKH EHDWYVY DFFRUGLQJ WR W

N
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2

LQW OHQJWK
LQW WRQHSLQ 8VH LQWHUIDFH
YRLG VHWXS

A

SLQORGH WRQHSLQ 287387

OHQJWK VL]HRI WXQH VLIHRI WXWHK > @ &DOFX



X
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YRLG ORRS

N

IRU LQW | [ OHQJIWK [

A

WRQH WRQHSLQ WXQH >[@

GHOD\ GXUW >[@ 7KLV LV XVHG W QG MRWWK\WM
FDQ EH DGMXVWHG E\\RXUVHO

QR7RQH WRQHSLQ

GHOD\ GHOD\ 6

8SORDG WHVW FRGH RQ WKH GHYHORSPHGRW\ERDUG GF
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Button Switch

S: x
B
> Gy

Keyestudio

SURMHFWXWWRQ 6HQVRU

'HVFULSWLRQ

8QWLO QRZ ZH MXVW PDNH DQ H[SHULP HQ\8 XILOGRK R®W
OHVVRQ ZH ZLOO XVH WKH LQSXW |XQBWLKRH RX W 8 S\ 1Y
H[WHUQDO GHYLFH :H ZLOO GR DQ H[SHU'LWR@W® NHWRKX
NQRZ PRUH DERXW , 2

, EHOLHYH WKDW EXWWRQ VZLWFK LV Z80OW \WMR RZZQ \k
TXDQWLW\ GLJLWDO TXDQWLW)\ FRP SR QREPW RRPEBBRF
QRUPDOO\FORVHG FRQWDFW LWV ZR NG LD PLSLON
'KHQ WKH QRUPDOO\RSHQ FRQWDFW EHIUVVSLW MV X R
ZKHQ WKLV SUHVVXUH GLVDSSHDUV WHKM BBEN NROL @

VWDWH WKDW LV RIIl VWDWH 7KH SUH¥XXWWHRLYY/ WKH D

'KDW <RX 1HHG
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ZZZ NH\HVWXC

3/86 &RQ B6HQVE <HOO| %XWW 86% SLQ)
%RDUG 6KLHO| /(' 6HQVR| &DEO| 'XSRQ

&DEOH

A

1RWH 7KH* 9 DQG 6 SLQV RIEXWWRQ VBONRQ PHREXIDGE
9 DQG RQ WKH VKLHOG DQG WKH * 9 DQG BGMY RU

OLQNHG ZLWK * 9 DQG RQ WKH VKLHOG

THVW &R GH

I1H[WWRGHVLIQ WKH SURJUDP ZH PDNH /JZR® E\SBXWW |



4

ZZZ NH\HVWXC

H[SHULPHQWY ZH DGG D FRQGLWLRQD M X GV WPMMP N
7KH ZULWWHQ VHQWHQFHV RI $UG XL QR LR UEHD WHIGHRRR & (
MXGJHPHQW VWDWHPHQW RI & LV VXLWRBEPK HRWFR UG X

JRU WKLV OHVVRQ ZH WDNH VLPSOH SLHPRWLMWH B MW I

, I EXWWRQLYV SUHVVHG GLJLWDO LWIRY RYWHIX W K E
OHYHO WKHQ /('ZLOO EHRQ FRQYHUWNVWIBEO G LI WMWWKCHOE XV

OHYHO ZH PDNH GLJLWDO RXWSXW ORZ OHYHO WKHC

$VIRU\RXU UHIHUHQFH

.H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR
SURMHFW
% XWWRQ

KWWS 27ZZZ NH\HVWXGLR FRP

LOQW OHGSLQ '"HILQH WKH OHG OLJKW LQ '
LOW LQSLQ '"HILQH WKH EXWWRQ LQ '
LOW YDO 'HILQH YDULDEOH YDO

YRLG VHWXS

N

SLQORGH OHGSLQ 287387 7KH /(' QIH& O\ R YW & XDV |
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SLQORGH LQSLQ ,1387 '"HILQH WKBXWWWRQ LQWHU

YRLG ORRS

A

YDO GLJLWDOSHDG LQSLQ 5 H D GQUGKIHVE L JIQALIMOW R |
LI YDO /2: :KHWKHU WKH NH\LV SUHRYBGHQY KH KD\
AGLJLWDO:ULWH OHGSLQ +,*+

HOVH

AGLJLWDO:ULWH OHGSLQ /2:

7KLV H[SHULPHQW LV SUHWW\ VLPSORXB ®G RZILGAFXL\WD\S |
HOHFWULFDO DSSOLDQFHV ,Q RXWO&OH RROXDFQRXGHGY ILLR
LOVWDQFH WKHEDFNOLJKW LV RQ ZKK QVSWHKWW.\GL B D

DSSOLDQFH
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H\HVWXC

SURMHFWFKDQQHO 5HOD\ORGXOH

keyestudio

'HVFULSWLRQ

7KLV PRGXOH LV DQ $UGXLQR GHGLFDWHS K REGEOH D Q
H[SDQVLRQ ERDUG ,W KDV D FRQWURO W\\DRRB DQWG
FRQWUROOHG VIVWHP DOVR FDOOHG DQ RXWSXW ORR
&RPPRQO\ XVHG LQ DXWRPDWLF FRQWOR Q V¥ IDUF X0 XWWR
VZLWFK WKDW FRQWUROV D ODUJHU FXU D W® W MaHUDF

DQG D ORZHU YROWDJH

7KHUHIRUH LW SOD\V WKH UROH RI DX®BRRWNWIEW LIRG)

FRQYHUVLRQ FLUFXLW LQ WKH FLURXORD GW BHMRZ \$ $ V



X
M

ZZZ NH\HVWXC

/(' OLJKW VWULSV '& PRWRUV PLQLDVGXVYBO2HNFHWXSI X
LQWHUIDFH

7KHPDLQ LQWHUQDO FRPSRQHQW YV R | RVXIH bl MVOSD \DRUIRPEX
% VSULQJ& PRYLQJFRQWDFW' VWDRRGWRDW DFWQG!

FRQWDFW QRUPDOO\ FORVHG FRQWDFW ) DV VKRZQ |

B D_2F 2

[ '; } = {1
= af
C A ' <
| : = ] Q-’j .
wire

$V ORQJ DV D FHUWDLQ YROWDJH LV DS SIDEHGWR &R\
ZLOO IORZ WKURXJK WKH FRLO WR JHQHNU D\WB MAXH FMWU
ZLOO DWWUDFW WKH LURQ FRUH DJDWQXWUWY WX WBLEIOXALC
DFWLRQ RIHOHFWURPDJQHWLF IRQ ¥ MW B W R DIFQUILRQ W
WKH VWDWLF FRQWDFW QRUPDOO\ RSHQV KR QRRDBW
GLVFRQQHFWHG WKH HOHFWURP DJSHDVL D QBFWKR @ @
ZLOO UHWXUQ WR WKH RULJLQDO SR\RIWLKRHWSQUG QU WK
WKH PRYLQJ FRQWDFW DQG WKH RULVE QR QHGVDR\QW FR
SXOOV LQ DQG UHOHDVHV WKXV DFKLRQLRQGVRH §RU
FLUFXLW 7KH QRUPDOO\RSHQ DQG FPRY EG GLRQW IR\

LQ WKLV ZD\ WKH VWDWLF FRQWDFWYV R8 GHOPBR ERH
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SRZHUHG RIIDUH FDOOHG QRUPDOOKRQWD FWY\RDFRY
VWDWH DUH FDOOHG QRUPDOO\ FORVW G LARK WORFWL W T

KROHV IRU\RX WR ILf WKHPRGXOH WR RWKHU HTXLSPH

6SHFLILFDWLRQV
'RUNLQJ YROWDJH 9 '&
,QSXW VLIQDO GLJLWDO VLIQDO KLJKOHYHO ORZ O

&RQWDFWVY VWDWLF FRQWDFWYV Q RI)FIDRY\HRES FHRQFRII
PRYLQJFRQWDFWYV

SDWHG FXUUHQW $ 12 $ 1&
OD[LPXP VZLWFKLQJ YROWDJH 9 $& 9 '&

(OHFWULF VKRFN FXUUHQW OHVV WKDQ $

&RQWDFW DFWLRQ WLPH PV

KDW <RX 1HHG

3/86 &RQWUR( 6HQVRU 6KLH 86% &DEOH

5HOD\ORGXd :KLWH/('ORGX SLQ) )'XSRQW &




JHPDOH WR )H ODOH WR )HPDQ

'XSRQW &DEC &DEOHYV

'LULQJ 'LDJIJWDP

1RWH 2Q WKH VKLHOG WKH* 9 DQG 6 SXQN BU H FFKRIANM
WR* 9 DQG UHVSHFWLYHO\ 7KH 12 L\QGLESIHBVZR MZK

/(' DUH UHVSHFWLYHO\ FRQQHFWHG WRW RI IZPQREQWKHHC

PRGXOH
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H\HVWXC

THVW &RGH

. H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR
SURMHFW
SHOD\

KWWS ZZZ NH\HVWXGLR FRP

LQW 5HOD\ 'HILQH WKH UHOD\ SLQ DW '

YRLG VHWXS

N

SLQORGH 287387 6HW 3LQ DV RXWSXW
GLJLWDO:ULWH +, %+ 6HW 3LQ +LJK
SLQORGH 5HOD\ 287387 6HW 3LQ DV RXWSXW

YRLG ORRS

N

GLILWDO:ULWH 5HOD\ +,*+ 7XUQ RIT UHOD\
GHOD\
GLILWDO:ULWH 5HOD\ /2: 7XUQ RQ UHOD\

GHOD\
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H\HVWXC

7HVW 5HV XOW
'LUH SRZHU XSDQG XSORDG WHVW FRGR ZKXHRQHO® LNV
IRU V WKHQ GLVFRQQHFWHG IRU V DICWH/URD W.E @\
WKH UHOD\LV FRQQHFWHG WKH ZKLWHKHK' ZKIOWH H 'RZQ C

RII

SURMHF33» RWRFHOO 6HQVRU
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ZZZ NH\HVWXC

'"HVFULSWLRQ

2 o

- Keyestudio

7KH SKRWRFHOO VHQVRU SKRWR UH \KIHSWRRUN R ¥ O AV W
RI D VHPLERQGXFWRU ,W LV YHU\ VHRW LW VYWHHW R\DNPEC
YDU\ ZLWK GLITHUHQW OLJKW LQWHQVLW\

'H XVH LWV IHDWXUHV WR GHVLJQ D FLUNXNW DWW & HGE
PRGXOH 7KH VLJQDO HQG Rl WKH PRGXOB SR PR @O MA
PLFURFRQWUROOHU :KHQ WKH OLJKW. VQ\WUB 6 M LOMFLUGH
WKH YROWDJH RI WKH DQDORJ SRUW UL VH W | W\KKDHN
PLFURFRQWUROOHU DOVR JRHV XS 2MRHWALGHFZKHBQ
UHVLVWDQFH LQFUHDVHV DQG WKH YRQWBYH 7RI DWK H\
DQDORJ YDOXH RI WKH PLFURFRQW URRDH UZ B HFIRP X V H
SKRWRUHVLVWRU VHQVRU PRGXOH WHR U MD G XHKBIQRR V|
WKH OLJKW LQWHQVLW\LQ WKHHQYLURQPHQW

WLV FRPPRQO\DSSOLHG WR OLJKW PMBUXUR®HQM KPR

FLUFXLW DV ZHOO

"KDW <RX 1HHG
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ZZZ NH\HVWXC

3/86 &RQ| 6HQV 3KRWR| <HOORZ 86% SLQ) )

6HQVRU ORGXO| &DEO 'XSRQW

%RDUG

A0 A1 A2 A3 A4 A5

1RWH 2Q WKH H[SDQVLRQ ERDUG WKH * 9HDQGVHA G\
PRGXOH DUH FRQQHFWHG WR * 9 DQG $ WHKEORZ /D'Q

PRGXOHDUH OLQNHG ZLWK * 9 DQG VHSDUDWHO\

THVW &R GH

.H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR
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ZZZ NH\HVWXC

SURMHFW
SKRWRFHOO

KWWS ZZZ NH\HVWXGLR FRP

LQW /(' 6HW /(' SLQ DW '
LQW YDO 5HDG WKH YROWDJH YDOXH RI WKH SKRW
YRLG VHWXS ~

SLQORGH /(' 287387 /(" LV RXWSXW

6HULDO EHJLQ /7KH VHULDO SRUW EDXG UD

YRLG ORRS "

YDO DQDORJ5HDG % SHDG WKH YROWDJH YDC
6HULDO SULQWOQ YDO 6HULDO ®RUDW WYRDYO A
LI YDO

AN JHVV WKDQ [(" OLIJKW LV RII

GLILWDO:ULWH /(" /2:

HOVH

N 2WKHUZLVH WKH /(" OLJKWYV XS

GLILWDO:ULWH /(" +,*+

GHOD\ '‘'HOD\ PV
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H\HVWXC

/(' ZLOO EH RQ DIWHU XSORDGLQJ WHVWORRBHQERUY
IODVKOLJKW RU WKH IODVK IURP FHK'OLO/SEKRWRPDWRXFO

+RZHYHU WDNH DZD\ WKH IODVKOLJKW /('"ZLOO EH RQ

SHYLHZ
JRU WKLV FRGH VWULQJ LW LV VLPSO\ RH SRIDWE YSODOL
DWWHQWLRQ WKDW DQDORJ TXDQWLW WGRRIKID B\M DIH ¥

DQDORJYDOXH RI SKRWRFHOO VHQVRU E\DQDORJ SRU

7KH DQDORJ YDOXH ZLOO JUDGXDO O\ \8 HW W HDADHOX R QLR

WKLV YDOXH FDQ EH FKRVHQ DFFR WHGL BH'D R BN PHY
SXW WKH ZKROH GHYLFH LQ WKH HQY L URQHH QW P RIQU M
FKHFN VKRZQ YDOXH UHSODEH Z L WIKR/P KL ULID@XAHR

LVDJIJRRG ZD\WR PRGXODWH FRGH
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H\HVWXC

SURMHF$GMXVWLQJ ORWRU 6HUYR $QJOH

'"HVFULSWLRQ
'KHQ ZH PDNH WKLV NLW ZH RIWHQ FRQWVROYGRRUY W/

FRXUVH ZHYOO LQWURGXFH LWV SULQMRBWOVH DQG KRZ

6HUYR PRWRU LV D SRVLWLRQ FRQW URRQW R W\W VU \RD FKWR
FLUFXLW ERDUG FRUH OHVV PRWRUWYHDRIUNQ Q JISRWIL @
WKDW WKH VHUYR UHFHLYHV WKH VLIJQDOSVRGWFHE\VO

XKLKXKTIK YOMTGR JOZN G VKXOUJ UL SYTGMUIIFVEXKY
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ZZZ NH\HVWXC

ZNK GIW[OXKJ *) HOGY \URZGMK ZU ZNK \URZBEMKEUL .

UHZGOT ZNK\V\URZGMK JOLLKXKTIK U[ZV][Z

'KHQ WKH PRWRU VSHHG LV FRQVWDQW) WR H B R\ WGI\W\L
WKH FDVFDGH UHGXFWLRQ JHDU ZK L FHUM-IFGIVLW K DINQ

PRWRU VWRSV URWDWLQJ *HQHUDO OWDWKRQQY®H UD (

7KH URWDWLRQ DQJOH RI VHUYR PRWR W KW BROW & RF0
3:0 3XOVH :LGWK ORGXODWLRQ VLJIQB® VKMHDWILYGLF

+] 7KHRUHWLFDOO\ WKH ZLGWK W BVV ®XWEQMDG \
EHWZHHQ PV PV 7KH ZLGWK FRUUHUBRQRBRK | KMRU F
%XW QRWH WKDW IRU GLIIHUHQW EUDQG IPRW B UI | WKH

URWDWLRQ DQJOH

500microsec 1000microsec 2500microsec

2QH LV WR XVH D FRPPRQ GLJLWDO VHQVR LY BRLWHRACHY
ZLWK GLITHUHQW GXW\ F\FOH WR VLPXODWIDD W\RLEROQ

SRVLWLRQLQJ RI WKH PRWRU
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$QRWKHU zZD\ LV WR GLUHFWO\ XVH WK I B MU RR R Q/RMR

PRWRU ,Q WKLV ZD\ WKH SURJUDP ZLOW EBHR§ DN & R

WZR FKDQQHO PRWRU EHFDXVH WKH WMDY 5 LXQ AMMLAR Q

7KH $UGXLQR GULYH FDSDFLW\ LV OLPIROHEER BBIR W IK\ORX

PRWRU \RXZLOO QHHG HIWHUQDO SRZHU

1RWH WKDW GRQTW VXSSO\ SRZHU WKUREKUR L8W %WB EQ

WKH 86% FDEOH LI WKH FXUUHQW GHPDQ® ENRRHPGYWUW

HIWHUQDO SRZHU

6SHFLILFDWLRQV
'RUNLQJ YROWDJH '& 9a 9

2SHUDWLQJDQJOH UDQJH DERXW

3XOVH ZLGWK UDQJH : EVHF
1R ORDG VSHHG ‘ VHF ‘&
1R ORDG FXUUHQW “P$ & 9
6WRSSLQJ WRUTXH : NJ FP

6WRS FXOUHB$ '& 90 P$ '& 9
BWDQGE\ FXUUHQW “ P$ '& 9
JHDG OHQJWK “ PP

$SSHDUDQFH VL]H PP

DW ! EVHF

“& 9VHF

P$ '& 9

9 9 NJ FP

P$ '& 9
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H\HVWXC

HLIKW “J ZLWKRXW VHUYR KRUQ

KDW <RX 1HHG

3/86 &RQ W |

6HQVRU 6K 6HUYR| 86% &DE(
%RDUG

'LULQJ 'LDJIJWDP

1 10 9 8

1RWH 7KHVHUYRLVFRQQHFWHG WR * *1LUH REWKH VK
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LV FRQQHFWHG WR *QG * WKH UHG Z L UMK ROUDNHHGZZ.

FRQQHFWHG WR GLJLWDO SLQ

THVW &RGH

. H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR
SURMHFW
6HYUR

KWWS ZZZ NH\HVWXGLR FRP

LQFOXGH 6HUYR K! GHUYR IXQFWLRQ OLEUDU\
6HUYR P\VHUYR

LQW SRV 6WDUW DQJOH RI VHUYR

YRLG VHWXS

N

P\ WVHUYR DWWDFK '"HILQH WKH SRVLWLRQ RI WKH \

YRLG ORRS

N

IRU SRV SRV SRV DQJOH IURP WR GHJU



X
.

ZZZ NH\HVWXC

P\WVHUYR ZULWH SRV 7KH VHUYR DQJOH LV SRV
GHOD\ 'HOD\ PV

IRU SRV SRV! SRV $QJOH IURP  WR GHJUF
A

P\WVHUYR ZULWH SRV 7KH DQJOH RI WKH VHUYR LV S
GHOD\ 'HOD\ PV

THVW 5HVN XOW

8SORDG FRGH ZLUH DFFRUGLQJ WR FR QORIG WLKRH) \GHL

URWDWHV IURP f WR fWKHQIURP fa f
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H\HVWXC

SURMHIFMDQ ORGXOH

'"HVFULSWLRQ
7KH / IDQ PRGXOHDGRSWYV / PRWRB G RQWO RVK FKLL
GLUHFWLRQ DQG VSHHG RI WKH PRWR UL DRHUGI\R DHUG R/IKV

TXDOLW\N IDQ ZKLFK FDQ SXW RXW WKH I60PRID 2 UW K LLQA
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LPSRUWDQW SDUW RIILUH URERW DV ZHOO

6SHFLILEFDWLRQV

'RUNLQJ YROWDJH 9

'RUNLQJ FXUUHQW $

77/ &026 RXWSXW OHYHO FRPSDWLEOH

&RQWURO DQG GULYH LQWHJUDWH LQ ,&

+DYH SLQ KLJK SUHVVXUH SURWHFWLRQ IXQFWLRQ

'RUNLQJ WHPSHUDWXUH f

KDW <RX 1HHG

3/86 &RQ| B6HQVR )DQ 86% | )HPDOH WR )

%RDUG 6KLHOG ORGXOHKH &DEOH 'XSRQW &DE

~ .
L

'LULQJ 'LDJIJWDP
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H\HVWXC

1RWH 2Q WKH VKLHOG WKH *1' 9&& ,1$ DRGXDH B

UHVSHFWLYHO\ FRQQHFWHG WR * 9

THVW &RGH

. H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR
SURMHFW

)DQ

KWWS ZZZ NH\HVWXGLR FRP

YRLG VHWXS "

SLQORGH 287387 GHILQH ' SLQ DV RXWSXW
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ZZZ NH\HVWXC

SLQORGH

YRLG ORRS
GLIJLWDO:
GLIJLWDO:
GHOD\
GLIJLWDO:
GLIJLWDO:
GHOD\
GLIJLWDO:
GLIJLWDO:

GHOD\

287387
A
ULWH /2:
ULWH +,%+
GHOD\ 6
ULWH /2:
ULWH /2:
GHOD\ 6
ULWH +,%+
ULWH /2:
GHOD\ 6

THVW 5HV XOW

GHILQH SLQDV RXWSXW

SHYHUVH URWDWLRQ RI WK

/KHPRWRUVWRSY URWDWL

/KH PRWRU URMFDMWIRYD L Q W K

8SORDG WHVW FRGH ZLUH DFFRUGLQJ,® R FIRQFXHEWGE R

WR ULJKW VLGH DQG SRZHU RQ 7KH IDQRURWIPNHV W R X

IRU

PV WKHQ URWDWHY FORFNZLVH IRU

PV
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H\HVWXC

SURMHFW 6WHDP 6HQVRU

& 'EDI-

SEm

'"HVFULSWLRQ
7KLV LV D FRPPRQO\ XVHG VWHDP VHQVRW WWIK BRRR®

ZDWHU E\ EDUH SULQWHG SDUDOOHOHKERHW R/ MV KB V¥
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ZZZ NH\HVWXC

WKH PRUH ZLUHV ZLOO EH FRQQHFWHG US$\D W K R UFHR\GX
RXWSXW  YROWDJH ZLOO JUDGXDOO\WLYMWKW BDQ 5\H XM
VWHDP VHQVRU FDQ EH XVHG DV D UDLQ X\DPKH WUKE B WK

KXPLGLW\RQ WKH VHQVRU VXUIDFH V>XOUWIHY F WHBIVRHX W ¢

7KH VHQVRU LV FRPSDWLEOH ZLWK YWDRIQ ERY BGNUR KRR
$UGXLQR VHULHVY PLEFURFRQWUR O O HW K H: KXLEG XMW R RISV
VWHDP VHQVRU DQG $UGXLQR FRQW URMGERIDW IGH & RIQV i
WKH DQDORJ SRUW RI WKH PLFURFRQWHK RQO B B JWH@DWXH
GLVSOD\WKH FRUUHVSRQGLQJDQDORBJ YDOXH RQ WKH

1RWH WKHFRQQHFW SDUW LV QRW ZDWKHR 3D RRIUGROIT

6SHFLILFDWLRQV

'RUNLQJ YROWDJH '& 9

'RUNLQJ EXUUHQW P$

2SHUDWLQJ WHPSHUDWXGH URQJH 2
&RQWURO VLIJQDO DQDORJVLIQDO RXWSXW

, QWHUIDFH SLQ LQWHUIDFH ZLWK PP LQ SLWFK
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ZZZ NH\HVWXC

KDW <RX 1HHG

3/86 &RQ 6WHDP SLQ) ) 'XS
86% &DE
%RDUG 6HQVRU &DEOH
W

A0 A1 AZ A3 A4 A5

1RWH 2Q WKH VHQVRU KKLHQG 6\ RKMWBHQY YHQVRU DUH

* 9DQG $

THVW &R GH
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ZZZ NH\HVWXC

. H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR
SURMHFW
6WHDP

KWWS Z7ZZZ NH\HVWXGLR FRP

YRLG VHWXS

N

6HULDO EHJLQ RSHQ VHULDO S RUWEDQG VHW ED

YRLG ORRS

A

LQW YDO

YDO DQDORJ5HDG SOXJ YDSRU VHQVRU LQWR DQD¢
6HULDO SULQW ORLVWXUH LV

6HULDO SULQWOQ YDO '(& UHD G D@ B R B W YSIUQ QN &

GHOD\ GHOD\ PV

THVW 5HV XOW

KHQ GHWHFWLQJ GLITHUHQW GHJUH HVORI KW PALIGH. WHH &
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ZZZ NH\HVWXC

GLITHUHQW FXUUHQW YDOXH 6KRZQ DV WKH IROORZLQ
'KHQ WKH VHQVRU GHWHFWV WKH VWHDPWH EBO®RHG

GLVSOD\HG RQ VHULDO PRQLWRU RI $5'8,12VRIWZDUH
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iH-:-isture 1s 937
iHoisture iz 936
iH-:-isture 1= 936
Moisture iz 937
(Moisture 1z 937
%Hoistu.re 15 937
iH-:-isture 1= 936
Moisture 15 938
Moisture is 938
iHoistu.re 15 936
iH-:-isture 1= 938
Moisture 15 939
Moisture 15 938
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SURMHFW 3,5 0RWLRQ 6HQVR

'"HVFULSWLRQ

7KH 3\URHOHFWULF LQIUDUHG PRWLRQLVQQORU ERP 5 F
SHUVRQ RU DQLPDO DQG RXWSXW VZL®EKGQNR/DJIQDWO
RFFDVLRQV WR GHWHFW WKH PRYHPHQW (RS KXPHD®H E|
LQIUDUHG VHQVRUV DUH PXFK PRUH EDXIGI 0 RZINWKUR-RPL
1RZ ZH ODXQFK WKLV QHZ S\URHOHF W WISH EQ DO HZH R
IRU $5'8,12 7KLV VHQVRU LQWHJUDWHYI DDGIHGE W BI@Q \&F

FRQQHFWLQJ SLQV W IHDWXUHV KLURHW\VIORYHEL C
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ZZZ NH\HVWXC

FRQVXPSWLRQ OLJKW ZHLJKW VPD®Q ¥R|GH ORTHWVL P!

SHULSKHUDO FLUFXLW

9VKIOLOIGZOUTY

,QSXW YROWDJH '& 9a 9

'RUNLQJ FXUUHQW  X$

'RUNLQJ WHPSHUDWXUH a GHJUHHV &HOVLXV
2XWSXW YROWDJH KLJK 9 ORZ 9

2XWSXW GHOD\ WLPH KLJK OHYHO DERXW WR VHF
'HWHFWLRQ DQJOH DERXW  f

'HWHFWLRQ GLVWDQFH PHWHUV

2XWSXW LQGLFDWRU /(" KLJK OHYHO

3LQ OLPLW FXUUHQW P$

1 R WEH

7KH PD[LPXP GLVWDQFH LV PHWHUV GXULQJ WHVW

'KHQ WHVWLQJ ILUVWO\ RSHQ WKH ZIKEW B @}IX®\D U R/X%
SDUW :KHQ WKH ORQJ OLQH RI WKH U HFODOGHIX @/IRUWKHH,
WKH GLVWDQFH LV WKH EHVW

'KHQ WHVWLQJ QHHG WR FRYHU W K HRUHZLWRIUL . BMKOZX

WKH GLVWDQFH
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ZZZ NH\HVWXC

7KH GLVWDQFH LV EHVW DW 2 DQG WKKRH &HW H 6 W KR
HIFHHGV 2
'RQH SRZHULQJ XS DQG XSORDGLQJ WKH ¥RBRQ®RXVWK

VWDUW WHVWLQJ RWKHUZLVH LW LY QRW VHQVLWLYH

KDW <RX 1HHG

3/86 &RQ 6HQVR 3,5 0RWL )JHPDOH WR )H

%RDUG 6KLHOC 6HQVRU 'XSRQW &DEQ(C

)D Q SLQ) ) 'XSR(
86% &DEQ
ORGXOHK ORGXOH /LQH

{ | . et it Y
\a .)\ WS oo
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ZZZ NH\HVWXC

'LULQJ 'LDJIJWDP

1RWH 2Q WKH VKLHOG WKH * 9 DQG 6 Rl 3H5FWR® IWRR) *V
DQG WKH *1' 9&& ,1$ DQG ,1% RI IDQ PR GN\MG ZWM |

* 9 7KH SLQ* 9DQG 6 RI/("PRGXOHDUHOLQNHG ZL\

THVW &R GH

. H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR
SURMHFW
3,5

KWWS ZZZ NH\HVWXGLR FRP
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ZZZ NH\HVWXC

YRLG VHWXS 2
6HULDO EHJILQ RSHQ VHULDO SRUWEDWQG VHW
SLQORGH 1387 '"HILQH 3,5 DV LQSXW LQ '

6HULDO EHJLQ

SLQORGH 287387 'HILQH /(" DV RXWSXW LQ '
SLQORGH 287387 '"HILQH ' DV RXWSXW
SLQORGH 287387 '"HILQH ' DV RXWSXW

YRLG ORRS "

6HULDO SULQWOQ GLIJLWDOSHDG

GHOD\ '"HOD\ PV
LI GLILWDOSHDG , I VRPHRQH LV GHWHFWHG
N

GLJLWDO:ULWH +, %+ /(" OLIJKW LV RQ

GLJLWDO:ULWH +,%+

DQDORJ:ULWH )DQ URWDWHYV
"HOVH I QR SHUVRQ LV GHWHFWHG ZDONLQJ
N
GLJLWDO:ULWH 12 /(" OLIJIKW LV QRW RQ

GLJLWDO:ULWH /2
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ZZZ NH\HVWXC

DQDORJ:ULWH /KHIDQ GRHVY QRW URWDWH

THVW 5HV XOW
8SORDG WHVW FRGH RSHQ VHULDO PRQLWIRSIPRGVY R
VHQVRU GHWHFWYVY WKH SHRSOH DURXQG "WWKH/HUDQD C
ZKLWH /(" OLJKW RQ DW VDPH WLPH IDQVWRWNDWINXQ GI \
VHULDO PRQLWRU VKRZzZV ¥~ WKH' LQ®ULUFDIWRUIDRBGW

URWDWLQJ
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H\HVWXC

SURMHFW  $QDiO®R *D6MHQVRU

'"HVFULSWLRQ
7KLV JIJDV VHQVRU LV XVHG IRU KRXVHKR.O®D® JHRPE M B W DI

DODUPV DQG SRUWDEOH JDV GHWHFWIREKOIHINRW WXKPHH G |
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ZZZ NH\HVWXC

RI OLTXHILHG JDV EHQ]JHQH DONDQHD QG FZRIGRI® \ K\ \GH

YDULRXV ILUH DODUP VIVWHPV 7KH 04 WIPWRNEG\WHPRX®W

GHWHFWRU DQG KDV WKH DGYDQWDHWYRRQ \KH J KRRHRQ VW

ORQJOLIH DQG VLPSOH GULYH FLUFXLW

W FDQ GHWHFW WKH FRQFHQWUDWLRQ RWKMDPPQ E
a SSP OHDQZKLOH LW KDV KLJK V& QDWW LOMLTA\H

SHWUROHXP JDVDQG RWKHU VPRNH HVSHFLDOO\WR D

W PXVW EH KHDWHG IRUD SHULRG RI WLPKN EH | RWH M V|
WKH RXWSXW UHVLVWDQFH DQG YR O W DVKHDKHDQR\G D ¥ |
VKRXOG QRW EH WRR KLJK RWKHUZLVKD® 2LQE MRXEGE
W LV EHORQJV WR WKH WLQ GLR[LGH F B WHR@®X DWQRU
WR WKH VXUIDFH LRQ W\SH 1 W\SH VH P IPFRRHQU®X\EXAURU
GLR[LGH DGVRUEV R[\JHQ LQ WKH DLU DUBGVIRRUP R IQR{II
UHGXFLQJ WKH HOHFWURQ GHQVLW\ LQLWRHHDNR QRF
UHVLVWDQFH YDOXH :KHQ LQ FRQWDFWWDQY& VPRRP DIE
SRWHQWLDO EDUULHU DW WKH JUDLQ ERXQ\GDILOQ\FD &
VXUIDFH FRQGXFWLYLW\ WR FKDQJH XWWKKWMKIWHVIQQ
VPRNHRU IODPPDEOH JDV FDQ EH REWD QQHD WKRQ BRH B
RUIODPPDEOH JDV LQ WKH DLU WKH GUMDNVGIR 2 K HVKRH;
UHVLVWDQFH WKH ODUJHU WKH DQDORRRYHM ROWKX

SRVLWLRQLQJKROH ZKLFK LV FRQY HRQLW R \R WRKUH LR HAY1



:

ZZZ NH\HVWXC

DGGLWLRQ WKHVHQVLWLYLW\FDQ RWMHHQ@NMRPWWE E\ U

6SHFLILFDWLRQV

'RUNLQJ YROWDJH 9 '&

,QWHUIDFH SLQV 9&& *1' ' $

2XWSXW VLIQDO GLJLWDO VLIQDO DQG DQDORJ VLJIQD

HLIKW J

KDW\RX QHHG

3/86 FRQW 6HQVR 04 *DV SLQ) ) 'XS
%QRDUG 6KLHOGCG 6HQVRU &DEOH
o N

86% &DE( ) ) 'XSRQW

&DEOH

BUZZER =)

&
{ @ SE .
L) )L-‘] v
- o £ =
. L h
-af

Keyestudio
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ZZZ NH\HVWXC

'LULQJ 'LDJIJWDP

1RWH 2Q WKH VKLHOG WKH SLQ *1' 9&& 'HDQ® K HRI 21

SLOQ* 9DQG$ 7KHSLQ* 9DQG 6 RI SDVVGWHREXDBQ® U

THVW &R GH

. H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR
SURMHFW
*DV

KWWS ZZZ NH\HVWXGLR FRP

LOW 04 $ 'HILQH 04 JDV VHQVRU SLQ DW $



s
.

ZZZ NH\HVWXC

LQW YDO GHFODUH YDULDEOH

LQW EX]]HU '"HILQH WKH EX]]HU SLQ DW

YRLG VHWXS

N

SLQORGH 04 ,1387

04 JDVVHQVRUDV LQSXW

6HULDO EHJLQ 6HW WKH VHULDO SRUW EDXG UD

SLQORGH EX]]HU 287387

YRLG ORRS

N

YDO DQDORJS5HDG 04
6HULDO SULQWOQ YDO
LI YDO!

N

WRQH EX]]HU

GHOD\

HOVH

QR7RQH EX]]HU

6HW WKH GKW3SWKMNO ,2 SLQ |

SHDG WKH YRGWNVH YO OWHM

6HULDO SRUW VHQGV YDO Y
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H\HVWXC

THVW 5HVN XOW
8SORDG WHVW FRGH ZLUH DFFRUGLQJRNMR B R@Q HENAQ R
GHWHFWHG YDOXH RI IODPPDEOH JDV LWXJBHDAALDOD M |
VRXQG KRZHYHU ZKHQ WKHUH LV QR IODPIRBE ZHR Q D\

VRXQG




:

ZZZ NH\HVWXC

SURMHFW [&"''LVSOD\

'"HVFULSWLRQ

LWK , & FRPPXQLFDWLRQ PRGXOH WKLNDLQY \DKR [ZV S
ZLWK FKDUDFWHUV SHU OLQH

, W VKRZV EOXH EDFNJURXQG DQG ZKLWHWRUMDP A R FRE&
ZKLFK KLIJKO\ VDYH WKH 0&8 UHVRXUFHYV

2Q WKH EDFN RI /&" GLVSOD\ WKHUH LV DGEMXXHKVISRWHY
EDFNOLJKW 7KH FRPPXQLFDWLRQDGGUHVYV GHIDXOW)\
/7KH RULJLQDO /&' FDQ VWDUW DQG UXWQ IZLWKLOQW &
$5'8,12,,& , & LQWHUIDFH VDYLQJ ,2 WKUHW\R GHOMWHH R
ZLWK SRVLWLRQLQJ KROHV ZLWK D GLDBRHW QW RR UP\HR

ILl RQ RWKHU GHYLFHYV

1RWLFH WKDW ZKHQ WKH VFUHHQ JHWY EW HUKRWH WD K LE

PRUH YLVLEOH RUOHVYV YLVLEOH

6SHFLILFDWLRQV

, & DGGUHVV |



X
M

ZZZ NH\HVWXC

%DFNOLJKW EOXH ZKLWH

3RZHU VXSSO\ YROWDJH 9

$GMXVWDEOH FRQWUDVW

*1' $ SLQ WKDW FRQQHFWV WR JURXQG

9&& $ SLQ WKDW FRQQHFWV WR D 9 SRZHU VXSSO\
6'$ $SLQ WKDW FRQQHFWYV WR DQDORJB®RUW $ IRU ,,&

6&/ $SLQ WKDW FRQQHFWY WR DQDORJRSRUW $ IRU ,,&

KDW <RX 1HHG

3/86 &RQY G6HQVR & 86 % SLQ) ) 'XSR(

%RDUG| 6KLHO( ' vsopl! &DEOH &DEOH

-3 -ts»%.»%«\'\'\"\‘\\"

'LULQJ 'LDJIJWDP



SCLSDA 5V GND

A
-
]
]
-
K

1RWH WKHUH DUH SLQ *1' 9&& 6'$ DQG 6&/ RIQV O U@NPF
ZLWK §1h Rl ,,& FRPPXQLFDWLRQ 9&& lgV FR® ® MRAVHE W

6&/ WR 6 &/

THVW &RGH

. H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR

SURMHFW

/&'

KWWS Z7ZZZ NH\HVWXGLR FRP

LQFOXGH :LUH KI!



X
.

ZZZ NH\HVWXC

LQFOXGH /LTXLG&U\VWDOB, & K!

ILTXLG&U\VWDOB, & OFG | VRHW WIRH /B’ FEGU
DQG OLQH GLVSOD\

YRLG VHWXS

A

OFG LQLW LQLWLDOL]H WKH OFG

OFG LQLW 3ULQW D PHVVDJH WR WKH /&'

OFG EDFNOLJKW

OFG VHW&XUVRU

OFG SULQW +HOOR ZRUOG /(" SULQW KHOOR ZR
OFG VHW&XUVRU

OFG SULQW NH\HVWXGLR [(" SULQW NH\HVWXGLR

YRLG ORRS

N

7HVW 5HVXOW
$IWHU FRQQHFWLRQ DQG XSORDGLQJYWMRPSOHFWREGH W

+HOOR ZRUOG VHFRQG OLQH SURGMDWIRAMW MG IWR



X
.

ZZZ NH\HVWXC

DGMXVW /& EDFNOLJKW

WAL LUTTER LU

- VEIVED YO s Aw | DO B D2 0O D OB 08 bY &4 K

Hellos world!

1RWH LUHDFFRUGLQJWRFRQQHFWLRQ G DDWWHIPS KEK
ZKHQ WKH GLVSOD\ GRHVQYW VKRZ FKDUTRWHYW L RRX
EHKLQG WKH /&' DQG EDFNOLJKW WR PDNWKWKF

FRUUHVSRQGLQJ FKDUDFWHU VWULQJ
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H\HVWXC

SURMHRVWRLO +XPLGLW\6HQVRU

'"HVFULSWLRQ

6‘;pn 1sahady

7KLV LV DVLPSOH VRLO KXPLGLW\ VHXWRGDWFYV WR GH
, | WKHVRLOLVLQODFNRIZDWHU WKHOQQRORIQGO GXH
RWKHUZLVH LW ZLOO LQFUHDVH |1 \RBXW R RDRALLVFVZADQN
GHYLFH LW FDQ GHWHFW ZKHWKHU \ R)W LBVR WUIR(QP\ Z VWKK

ZKHQ \RX JR RXW



X
M

ZZZ NH\HVWXC

8VLQJ WKH VHQVRU ZLWK $UGXLQR FR QW UFR® OR{UWWPIDENCH
\RXUJDUGHQ VPDUWHU 7KH VRLO KXP VGA-RAP\ SYHLF\DRMH I
\RX PLIKW WKLQN DQG LI\RX QHHG WRHHHWHMZWEE K|

EHVW FKRLFH

7KH VHQVRU LV VHW ZLWK WZR SUREHV WKH QHQVRIW Wl
UHVLVWDQFH YDOXH E\UHDGLQJ WKH FKARJ S\ QR\E FIK/DOQQ)
FRQYHUW VXFK UHVLVWDQFH YDOXH LIKQR\RPRRIDAWBROULH |

UHVLVWDQFH WKHKLJKHU FRQGXFWLYLW\ WKH VRLO

, WV VHUYLFH OLIHH[WHQGYV E\ PHWDOOL]LQJ WKH VXUI

,QVHUW LW LQWR WKH VRLO DQG WKHQ XMMKMKK H KFHROS
WKLV VHQVRU WKH SODQW FDQ UHPLQG/RILWRK , QHHG

SRVLWLRQLQJKROHV IRULQVWDOOLQJRQ RWKHU GHY

6SHFLILFDWLRQ

3RZHU 6 XSSO\ 9ROWDJH 9 RU 9

'RUNLQJ &XUUHQW " P$



4

ZZZ NH\HVWXC

2XWSXW 9ROWDJH 9 :KHQ WKH VHQQRD WHW RWKHDYC

ZLOO EH 9 WKH KLJKHU KXPLGLW\ WXH KLJKHU WKH |
6HQVRU W\SH $QDORJ RXWSXW

,(OQWHUIDFH GHILQLWLRQ 6 VLJQDO * *1' 9 9&&

KDW <RX 1HHG

3/86 FRQV 6HQVRL 6RLO KXPL /&'

%RDUG 6KLHOG 6HQVRU 'LVSOD\

86% &DEOLK SLQ) ) 'XSRQW ¢ SLQ) ) 'XSRQW &I

~ x>
-

| S e || S Se o

'LULQJ 'LDJWDP
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H\HVWXC

1RWH 2Q WKHVKLHOG WKHSLQ* 9DQ®H RRQRHIF WXFAL
9 DQG $ *1' RI /[&" LV OLQNHG ZLWK *1' RD, 85 & RLR/P

FROQQHFWHGHVR' ®WR 6'$ 6&/ WR 6&/

THVW &RGH

. H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR

SURMHFW

6RLO +XPLGLW\

KWWS Z7ZZZ NH\HVWXGLR FRP

LQFOXGH :LUH KI!



3
.

ZZZ NH\HVWXC

LQFOXGH /LTXLG&U\WWDOB, & K!

YRODWLOH LQW YDOXH

ILTXLG&U\WWDOB, & P\OFG | VWHRNWHKRUE DEKL
DQG OLQH GLVSOD\

YRLG VHWXS n

6HULDO EHJLQ 6HW WKH VHULDO SRUW EDXG U
YDOXH

P\OFG LQLW

P\OFG EDFNOLJKW ILIKW XS WKH EDFNOLJKW
P\OFG FOHDU &OHDU WKH VFUHHQ

6HULDO EHJLQ 6HW WKH VHULDO SRUW EDXG U
SLQORGH $ ,1387 6RLO VHQVRU LV DW$ WKHPR

YRLG ORRS n
6HULDO SULQW ©6RLO PRLVWXUH YMRKG PRLVINXWHNV
6HULDO SULQW

BHULDO SULQWOQ YDOXH

GHOD\ ‘"HOD\ 6
YDOXH DQDORJ5HDG $ SHDG WKH YDOXH RI WKH
LI 'YDOXH I WKH YDOXH LY OHVV WKDQ

P\OFG FOHDU FOHDU VFUHHQ



3
.

ZZZ NH\HVWXC

P\OFG VHW&XUVRU
P\OFG SULQW YDOXH
P\OFG VHW&XUVRU
P\OFG SULQW YDOXH

P\OFG VHW&XUVRU

P\OFG SULQW GU\VRLO [&" VFUHHQ SULQW GU\
GHOD\ '"HOD\ 6
HOVH LI  YDOXH! YDOXH , DWW KR YADKCDAH

DQG OHVV WKDQ
A
P\OFG FOHDU FOHDU VFUHHQ
P\OFG VHW&XUVRU
P\OFG SULQW YDOXH
P\OFG VHW&XUVRU
P\OFG SULQW YDOXH

P\OFG VHW&XUVRU

P\OFG SULQW KXPLG VRLO /[&" VEOHHQ SULQWL
GHOD\ '"HOD\ 6
"HOVH LI YDOXH! , | WKH YDOXH LV JUHDWHU WK|

P\OFG FOHDU FOHDU VFUHHQ
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ZZZ NH\HVWXC

P\OFG VHW&XUVRU
P\OFG SULQW YDOXH

P\OFG VHW&XUVRU

P\OFG SULQW YDOXH

P\OFG VHW&XUVRU

P\OFG SULQW LQ ZDWHU /& VFUHHQ SULQWLQ

GHOD\ 'HOD\ 6

7HVW 5HV XOW
&RQQHFW DFFRUGLQJ WR ZLULQJ GLDJUWDPRDOG EF UIB\
WKH VHULDO PRQLWRU DQG LQVHUWKHKHRLRL @ KK PU B D
KXPLGLW\ LV WKH ELJJHU WKH QXPEHU H. @RLIOHVHRY F
LQVHUWHG LQWR WKH VRLO DQG ZDVBEHWKZH. W K/& L G HU$HQ

WKH FRUUHVSRQGLQJ YDOXH
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H\HVWXC

SURMHFW %OXHWRRWK 7HVW




X
M

ZZZ NH\HVWXC

%OXHWRRWK WHFKQRORJ\ LV D ZLUHOHW HQDEQG
VKRUW GLVWDQFH GDWD H[FKDQJH EHW ZGHIQL FHN\H GD
EXLOGLQJ SHUVRQDO DUHD QHWZRUNW ,8 0¥ EQR&+R U D GV
‘]

7KLV NLW LV HTXLSSHG ZLWK WKH +0 % OXHDWVRRMWKVR
PDFKLQH :KHQ XVH DV WKH +RVW LW FDQ MHOFGVERRE
ZKHQ XVH DV WKH 60DYH LW FDQ RQO\UHRRHLYH FRPPD
7KH +0 % OXHWRRWK PRGXOH VXSSRURMROWZKKILR K R R
VXSSRUWV $QGURLG PRELOH EXW DOVR VXSSRUWV L2
,Q WKH H[SHULPHQW ZH GHIDXOW XVH WBW¥ B 6O D&®IXH
WKH FHOOSKRQH DV D +RVW :H LQVWDOOBURKH BRRE
FRQQHFWLQJ WKH %OXHWRRWK PRGXG®@B3 M R FRQWUR-
IVPDUW KRPH NLW

HDOVR SURYLGH \RX ZLWK $33 IRU $QGURLG DQG L26\

3LQV 'HVFULSWLRQ

3LQ) '"HVFULSWLRQ

$VWKHLQSXW SLQ VKRUW SUHVYV FRIQWRN\
%5.
ORZOHYHO WR DFKLHYH WKHIROORZLQJ




ZZZ NH\HVWXC

2

'KHQ PRGXOH LV LQ VOHHS VWDWH
ORGXOH LV DFWLYDWHG WR QRUPDO V8my
ZLOO VHQG 2. :$.(

'KHQ LQ FRQQHFWHG VWDWH
ORGXOH ZLOO DEFWLYHO\ UHTXHVW WR GL\
:KHQ LQ VWDQGE\ PRGH

ORGXOH ZLOOEHLQLQLWLDO VWDWH

5;" 6HULDO GDWD LQSXWYV

75" 6HULDO GDWD RXWSXWYV

*1' JURXQG OHDG

9&& | 3RVLWLYH SROH RI SRZHU LQSXW 9

$V RXWSXW SLQ VKRZ WKH ZRUNLQJ VWD)
)ODVK VORZO\LQ VWDQGE\ VWDWH22UHSH
67$7($0ZD\V OLJIKW XSLQ FRQQHFWHG VWDWH*
<RX FRXOG VHW WR QR IODVKLQJ LQ VWRQ

FRQQHFWHG VWDWH

S3DUDPHWHUYV
%OXHWRRWK SURWRFRO %OXHWRRWKOG6SHFLILFDWLRC(
1R E\WH OLPLW LQ VHULDO SRUW 7UDQVFHLYLQJ

,Q RSHQ HOQYLURQPHQW UHDOL]H PDVOMRLDZG WK SE I



X
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ZZZ NH\HVWXC

86% SURWRFRO 86% 9
'RUNLQJ IUHTXHQF\ *+] 60 EDQG

ORGXODWLRQ PHWKRG *)6. *DXVVLDQ J)UHTXHQF\ 6KLI\

7UDQVPLVVLRQ SRZHU GEP GEP GEPLHGER\ $D(
FRPPDQG
6HQVLWLYLW\  G%P DW % (5

7JUDQVPLVVLRQ UDWH $V\QFKURQRXVN %EWMMV 6\QFK
6HFXULW\ IHDWXUH $XWKHQWLFDWLRQ DQG HQFU\SW!|
6XSSRUWLQJ VHUYLFH &HQWUDO 3HULSKHUDO 88,'))
3RZHU FRQVXPSWLRQ $XWR VOHHS PRGH XWDQBS$E\ F
GXULQJWUDQVPLVVLRQ

3RZHU VXSSO\ 9 '&

'RUNLQJ WHPSHUDWXUH += WR &HQWLJUDGH

¥% 8VLQJ WOXHWRRWK $33

,Q WKH SUHYLRXV OHVVRQ ZHYYH LQWURAXHHG OHKR IE
%OXHWRRWKPRGXOH ,Q WKLY SURMHIKMW+OHWoOXKW®R
PRGXOH ,Q RUGHU WR HIILFLHQWO\ FROWRW®& WKGEXN

VSHFLDOO\ GHVLJQHG DQ $33 DV VKRZQ EHORZ



4

ZZZ NH\HVWXC

~ 1 Ir.'z\-;."_'.‘
SCANNING ol ke yes DISCONNETED

gas @ . Wrndow
m soil n L) led2

) e fans

7KHUH DUH FRQWURO EXWWRQV LQ WK I D\8 % R & HR® &
WKH %OXHWRRWK RI FHOOSKRQH V H QXGHNVDRRRAQKWRURRGX E
UHFHLYH D FRUUHVSRQGLQJ FRQWUROQBK IZH DV MW UV |
FRUUHVSRQGLQJIXQFWLRQ RI HDFK VR QARIUUFRRW B R G SR

NH\FRQWURO FKDUDFWHU 1H[W OHWITV WHVW EXWW

$33 IRU $QGURLQORELOH
1RWH <RX QHHG WR HQDEOH WKH ORFDWLRQHFRWR QB DW
+0 %OXHWRRWK PRGXOH YLD FHOOSKRQH ARDN KQHRUAZ L

EHFRQQHFWHG

(QWHU *RRKO/HHBOBK SNHRHVY\RXFDQIW VHDUFK LW RQ D
GRZQORDGWKH DSS

KWWSV SOD\JRRJOH FRP VWRUH DG X GE IRW RIWB/N H Gt



https://play.google.com/store/apps/details?id=com.keyestudio.iot_keyes
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H\HVWXC

$IWHU LQVWDOOLQJWIELIS\MOHMKHMHIEDFH SRSV XS D

SCANNING loT keyes DISCONNETED
—(E]= light L door
FIN
gas m L ] window
soil n ® led?2

& water ﬁ/g @ fans

8SORDG FRGHDQG SRZHU RQ /(' RI % O X W RARMMXKH MRRARAX

RSHQ $SS WR FOLFN *6&%$11,1* WR VHDUFK DQG FRQQH
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H\HVWXC

KS7
00:E2:02:30:FF:ED

connect
|

&OLFN WR 3&RQQHFW %O XHWRRW K/ LWKRRQEHREZG W K

RI %WOXHWRRWK PRGXOH LV DOZD\V RQ

KS7
00:E2:02:30:FF:ED

is connected
!

L26 6\VWHP

2SHQ $SSEENRUH
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H\HVWXC

6HDUFK 3,R7 NH\HV Ry KBREADOREN S GRZQORDG"

Ll loT keyes
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ZZZ NH\HVWXC

2

g h$IWHU LQVWDOOLQJ VXIUNEL KK W@&HDL@QWRSHFH L

EHORZ

Bluetooth Serial

door

L

.
~ e -
/1N

—
-

led2

B8
b O

@ fans

$IWHU XSORDGLQJ WKH WHVW FRGOXWHWWFRRWXIRR G X
SRZHU RQ /(' RI %OXHWRRWK PRGXOH I@BNMRBIDG KKRWBIU
SFRQQHFW”™ WR VHDUFK %OXHWRRWK DOXGO®D LW K$H W(H
%OXHWRRWK PRGXOH LV DOZD\V RQ
1RWH 5HPRYH WKH %OXHWRRWK PRGXOWBOWIFN\RHGHKH |
2WKHUZLVH WKH SURJUDP ZLOO |IDL OWNRR WXOIRDGE %&RKE

PRGXOH WR SDLU DIWHU XSORDGLQJ WKH WHVW FRGH
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ZZZ NH\HVWXC

2

'LULQJ 'LDJIJWDP

1RWH 2Q WKH VHQVRU H[SDQVLRQ ERDUG % IRH WKH7
%OXHWRRWK PRGXOH DUH UHVSHFWLYHODQRR ®OBIG & MA
67$7( DQG %5. SLQV Rl WKH %OXHWRRWK PR®HEM BR

&RQQHFW WKH SRZHU VXSSO\

THVW &RGH

. H\HVWXGLR VPDUW KRPH .LW IRU $UGXLQR
SURMHFW
YWOXHWRRWK

KWWS ZZZ NH\HVWXGLR FRP
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H\HVWXC

FKDU YDO
YRLG VHWXS

N

6HULDO EHJLQ 6HW WKH VHULDO SRUW EDXG UD\

YRLG ORRS

N

ZKLOH 6HULDO DYDLODEOH !
N
YDO 6HULDO UHDG 5HDG WKH YDOXH VHQW E\ % OXH

6HULDO SULQW YDO 7KH VHULDO SRUW SULQWYV WKF
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H\HVWXC

7KH IXQFWLRQ RI FRUUHVSRQGLQJ FKIBHIOFRZHU DQG E X



ZZZ NH\HVWXC




ZZZ NH\HVWXC

$VVHPEO\ *XLGH
'HYYH OHDUQHG WKH ZKROH SURMHFW WWIXEHRXOHWHIY VIRWL

WKH VPDUW KRPH NLW &KHFN WKH ERDUG $a, DQG SDU

6WHS ,QVWDOO VHQVRUV RI $ ERDUG
3UHSDUH $ ERDUG 0 00 URX®QGQUFNHD SODWHG C
0 00 URXQG VKEXNWWRQ VHQVRU ZKLWH /(" 3,5PF
/&' GLVSOD\ SLQ )) GXSRQW &DEOH SL

FDEOH



ZZZ NH\HVWXC

D JUKLWH /(EXWWRQ \DIQB/RERWLRQ RQ WKHIFRUUHV S|
DUHD RI WKH $ ERDUG ZLWK SFV 0 00 URXQIG QKRDG VF
E 7KHQ LOQYWD®GOVSRQ\$ ERDUG ZLWK SFV 0 00 UR
VFUHZV DQG SFV O QXWV

F &RQQHFW WKHP ZLWK SLQ DQG SLQ GXSRQW FDEOF



ZZZ NH\HVWXC




ZZZ NH\HVWXC

y

6WHS ,QVWDOO WKH VHQVRU RI % ERDUG
3UHSDUH D RDERSLIQG) ) GXSROWSFDBOH 00 URXQG KH

VFUKRZSFV 0O QLFNHO SODWHG QXWV DQG D UHOD\ PRGX

$VVHPEOH WKH UHOD\ PRGXOHRQ % ERDUM®DRDIGNISF® BV



ZZZ NH\HVWXC

QLFNHO SODWHG QXWV OLQN WKHP WROHWHHU ZLWK D



ZZZ NH\HVWXC

6WHS )L $ ERDUG DQG % ERDUG WRIJHWKHU ZLWK D 37



ZZZ NH\HVWXC

6WHS $VVHPEOH WKH VHQVRUV DQG EDWWHU\ KROGH

SUHSDUH DK ERDDG V HKEDRAUW H UK KSHEFWHU 00 IODW KH
VFUIiKDVO 00 URXQG KHIXKGSHWHAODLFNHO SODWHG QXW!

GXSRQW FDEOHYV



ZZZ NH\HVWXC

$ )L[ WKHEDWWHU\ KROGHU RQ & ERDUGZVWKHEZF\DQ C
SFVO QLFNHO SODWHG QXWYV

% 7KHQ LQVWDOO WKH 04 JDV VHQVRURR® BKBIUGR B IUW
0 O00URXQGKHDG VFUHZDQGDO QLFNHO SODWHG Q

& &RQQHFW WKHP ZLWK SFV GXSRQW FDEOHYV




ZZZ NH\HVWXC

6WHS , QVWDOO WKH VHQVRUV DQG SDUWYV RI"'"ERDUG

3UHSDUH D VHUYR SFV 0 V HKOD RIOLSVE H QFIU RN WHR
gLOQFOXGHGHLQDVHUYRIRXQG KHDNA. QFOMZB HGhLK SFHW YR
0 OO0OURXQGKHD® \BFWHZWLFNHO SKOOMMHG QX W MR XQC

KHDG VKUBEV O VWDLQOHVV VKOI' @RKNGOH X VDVERDU

5RWDWH VHUYR WR f EHIRUH LQV W DWO/OX QLR FBREEQEIFEQ/

%RDUG XSORDG WHVW FRGHRQ FRQWURWERGUG DQG



ZZZ NH\HVWXC

6HUYR ORWRU

%URZQ ZLU *xq1"
5HG ZLUH 9
2UDQJH zLU 6g h

THVW &R GH
LQFOXGH 6HUYR K!

6HUYR VHUYRB

YRLG VHWXS 2

VHUYRB DWWDEFK

YRLG ORRS #




ZZZ NH\HVWXC

VHUYRB ZULWH

GHOD\

8SORDG WKH WHVW FRGH VXFFHVVIXOO\ WKH VHUYR U

$ )L[ VHUYR RQ WKH FRUUHVSRQGLQJ DUHD®RUREKRGU
KHDG VFUHZV DQG 0 QLFNHO SODWHG QXWYV
% 7KHQ LQVWDOO WKH VTXDUH ERDUG RQOWKIRXEBE&D

KHDG VFUHZV DQG O VHOI ORFNLQJ QXWYV

-



ZZZ NH\HVWXC

JLI WKH ZKLWH FURVV PRXQW RQ WKH JHMWDZAISW® J YFF\U ¢

DQG PRXQW WKH JHDU RQ WKH VHUYR PRWRBWHX K 0

o ovsmolwossig T




ZZZ NH\HVWXC

6WHS $VVHPEOH & ERDUG ZLWK "ERDUG E\ D 37" W\SH




ZZZ NH\HVWXC

6WHS LQVWDOO WKH VHQVRU RI (ERDUG

SUHSDUH D \HOORZ /(' PRGXOH D (ERDUG mWBZ DWOUR

QLFNHO SODWHG QXW DQG D SLQ) ) GXSRQW FDEOH



ZZZ NH\HVWXC

ORXQW WKH \HOORZ /(' RQ WKH FRUUHVSRQGLQUOODUHD
URXQG KHDG VFUHZ DQG 0 KQWKNHHOFRQMWHA® @XWK D

FDEOH



ZZZ NH\HVWXC

6BWHS ,QVWDOO FRQWURO ERDUG VHQVRUV DQG SDU

SUHSDUH D VHUYR D SDVVLYH EX]]HUVFRERFNZNV D Z/HKILON H/
PRXQW LQFOXGHG LQ VHUYR DO VFUSIZV DQFOBGH
URXQG KHDG VFUHZYVY SFV 0 QLFNHO SO BWH®& QX WNO |
QLFNHO SODWHG QXW SFV 0 00 URXQG KH®XDOFBBY
FRSSHU SLOODUYV D .H\HVWXGKRO V8D E¥RQPWHRBOGR D

GXSRQW FDEOH D ERDUG ( JHDUV DQG SFV ERDUG



ZZZ NH\HVWXC

$ ORXQW SFV GXDO SDVVFRSSHU SLO O DU VOR ¥ WUKHHZA/E
% 7KHQ IL[ WKH SDVVLYH EX]]HU RQ + ERDUKDLGL WKU HX

DQG 0 QXW



ZZZ NH\HVWXC

& &RQQHFW WKHP ZLWK D SLQ) ) GXSRQW FDEOH

7

5RWDWH WKH VHUYR WR f EHIRUH L Q\DW D/OKOH. @ W H/8K H
JLIWKH SFVO O00FRSSHUSLOODUV R@QWHKHR HERDW BG
0 00 URXQG KHDG VFUHZV WKHQ IL[ WK VBIU DR HRI) R\

ERDUG ZLWK O OO0 URXQG KHDG VFUHZV DQG 0 QXW



ZZZ NH\HVWXC




ZZZ NH\HVWXC

ORXQW SFV ERDUG WRJIJHWKHU WKHQ | LJHIKW & HWAHUJ RSy

0 VHOI WDSSLQJ VFUHZV

)L[ WKH JHDU ZLWK ZKLWH FURVV PRXQW RQ 0MKH E
VFUHZ LQFOXGHG LQ VHUYR WKHQ LCGY¥WERD UNGK H OH
DOQORWKHU VHUYR RQ WKH FRUUHVSRQGMWXIFMNUWBHRY H (

VKLHOG RQ WKH .H\HVWXGLR 3/86 FRQWURO ERDUG



ZZZ NH\HVWXC

6WHS $VVHPEOHS$ % & ' (DQG + ERD UGZW WKH WK HU\ S



ZZZ NH\HVWXC

EROWRWH WKH SRZHU LQWHUIDFH RI 3/86 & REWIKROKY%

™ RQ ERDUG % DQG WKH LQWHUIDFH RI 869 GBERO®!I LV

ERDUG %



ZZZ NH\HVWXC




ZZZ NH\HVWXC

6WHS , QVWDOO WKH VHQVRUV Rl ) ERDUG

3UHSDUH D VWHDP VHQVRU D SKRWRFKADQ/ HQVRRD DG
SFV SLQ) ) GXSRQW FDEOHV SFV ) ) G X0RWRX B BEKCHD

VFUHZVY DQG SFV 0O QLFNHO SODWHG QXWYV



ZZZ NH\HVWXC

6HSDUDWHO\NIL[ VWHDP VHQVRU SKRW R BRHOIOHV)HERLRIG
SFV O 00 URXQG KHDG VFUHZV DQG SFV W KHKRNVX/L W

SLODQG SLQ GXSRQW FDEOHV



ZZZ NH\HVWXC

6WHS &RQQHFW VHQVRU PRGXOH

&RQQHFW RQHHQGRI SLQ GXSRQW F D E\OH\H®YRRUK W B H
DOO VHQVRUV WR VHQWRUWYRLBOG&G PDNH GXSRQW ZLU}

KROHV RI ERDUG



ZZZ NH\HVWXC

7KH FRUUHVSRQGLQJ LQW 7KH
1DPH DQG VHQVRU VKLH| FRUUHVS
LQVWDOGQ
RQ WKH E
3,5 ORWL * 9 6 * 9 ;
6HQVRU
3DVVLYH E x 9 6 x 9 D.
%XWWRQ P * 9 6 * 9 9
<HOORZ / * 9 6 x 9 D*
)DQ PRG| *1' 9&& ,1$ , * 9 D-
%XWWRQ P * 9 6 * 9
6HUYR | %URZQ 5HG x 9 D/
FRQWURO ZLUH
GRRU
6HUYR | %URZQ 5HG x 9 D)
FRQWURO ZLUH
ZLQGRZ)
04 *DV 6H( *1' 9&& ' $ *9 3 @
5HOD\ ORC * 9 6 * 9 <
' KLWH /(" * 9 6 x 9 7
/&' 'LVS( *1' 9&& 6'$ 6| *1' 9 6'$ 6& 8




ZZZ NH\HVWXC

SKRWRFHO *9 6 *9 $ D,

6RLO KXP * 9 6 * 9 $
VHQVRU
6WHDP VH * 9 6 * 9 $ D+

J QVHUW WKH %OXHWRRWEK PRGXOH LQWRERBDQGRIL WK
0 OO0URXQGKHDG VFUHZV 0 QXWVDQGLEBWKEPUGES

PRXQW *ERDUG ZHOO ZLWK 37" W\SH EROWYV



ZZZ NH\HVWXC

%OXHWRRWK 0O

6HQVRU VKLHOG

9&& 9
* 1 * ]!
7" 5;"
5;" 7"




ZZZ NH\HVWXC




ZZZ NH\HVWXC

6WHS $VVHPEOH WKH NLW

)L WKH ERDUG , ZLWK 37" EROWYV



ZZZ NH\HVWXC

O O
O

‘'HHVWDEOLVK RXU VPDUW KRPH NLW



ZZZ NH\HVWXC

SURMHRVOXOWL SXUSRVH 6PDUW +RPH

'"HVFULSWLRQ
,Q WKH SUHYLRXV SURMHFWYV ZH LOQWURBGRHN BODRLGWR
%OXHWRRWK PRGXOH )RU WKLV OHMUWMRXYY ZH ZLOO SUH

'HZLOO DFKLHYH WKH HIITHFW DV IROORZV

g h3KRWRFHOO VHQVRU 3,5 PRWLRQ VHQ
QLJKW VRPHRQH SDVVHV E\ /('LVRQ QR

/(" LV RII



ZZZ NH\HVWXC

7KHUH DUH /& GLVSOD\ EXWWRQV3UNWVERRQY R
HQWHU WKH SDVVZRUG \RX FDQ VHW SDWVZRARG ZIQOW k
VKRZ 3  WKHQ SUHVV EXWWRQ WR 3H@VUXBHW, WWKHH ST
ZLOO VKRZ 3RSHQ’ WKH GRRU ZLOO EH RBBQ V+RIZRI H L
SHUURU SRSV XS DIWHU V 3HUURU X ED@CH\G WHQY LSDW
DJDLQ
IRWHNK IUXXKIZ VGYY]UXJ OY INOIN SKGYY ZN
H[ZZUT RUTM VXKYY H[ZZUT RUTM VXKYMREZZIUTRUYN
VXKYY H[ZZUT YNUXZVXKYY H[ZZUT

SKGTY RUTM VXKYY H[ZZUT SKGTY YNUXZ VXKYY

7KH GRRU ZLOO EH FORVHG ZKHQ 3,5 ARW ISRI@® 8 B & \DRJ
KDWYV PRUH SUHVV DQG KROG EXWWRIQ/SBDONHIZDILC
g, WKH SDVVZRUG LV ULJKW WKH VH WLRKB/KHOVBIRW R \G |

URWDWH

g , QVHUW VRLO KXPLGLW\ VHQVR

ZKHQ WKH VRLO LV WRR GU\ EX]]HU

ZLOO JHW WKH QRWLILFDWLRQ IURP

KHQ WKH JDV VHQVRU GHWHFWYV \



ZZZ NH\HVWXC

FRQFHQWUDWLRQ WKHEX]]JHU ZLO@Q&GPLW D WLFN WLI

'KHQ VWHDP VHQVRU GHWHFWY UDLQV
DFWLYDWHG WKHZLQGRZ ZLOO EH ARO/RIVH

WKH ZLQGRZ ZLOO EH RSHQ

KDW <RX 1HHG

H\HVWXGLR 3/86 &RQWURO %RDUG WHKQPVRRGIX\DKHL H O G
PRWLRQ VHQVRU SKRWRFHOO VHQVRAH /('PREBWEaRD V
<HOORZ /(' PRGXOH UHOD\ORGXOH SDVIVQ PR E X

VWHDP VHQVRU VHUYR PRGXOH /&' VRIS
KXPLGLW\ VHQVRU 04 JDV VHQVRU SLQLRGX)SR

GXSRQW FDEOH VHYHUDO )) GXSRQW FDEOH 86% FD



ZZZ NH\HVWXC

'LULQJ GLDWUDP



ZZZ NH\HVWXC

7KH FRUUHVSRQ( 7KH FRUUHV
LQWHUIDFHV R| LQVWDOOH
1DPH VHQVRUV DQG VHQ) WKH ERD
3,5 ORWL x 9 6 * 9 ;
6HQVRU
3DVVLYH ¢ * 9 6 *x 9 D.
%XWWRQ V *x 9 6 x 9 9
<HOORZ / * 9 6 x 9 D*
ORGXOH
)DQ ORG| *1' 9&& x 9 D-
1% ,1%
%XWWRQ 0 * 9 6 * 9
6HUYR %URZQ 5
FRQWURO|( 2UDQJH : *x 9 D/
GRRU
6HUYR %URZQ 5
FRQWUR( 2UDQJH : *x 9 D)
WKH ZLQC
04 *DV 6H( *1' 9&& * 9 @
%




ZZZ NH\HVWXC

5HOD\ ORQ * 9 6 * 9 <
"KLWH /(' * 9 6 e 7
/&' *1' 9&& *1' 9 8
'LVSOD 6'$ 6&)/ 6'$ 6&]/
3KRWRFHO * 9 6 * 9 $ D,
BRLO +XPI * 9 6 * 9 $
6HQVRU
6WHDP 6H * 9 6 * 9 $ D+

7HVW &RGH
JLQLVK ZLULQJ OHWYJV GHVLJQ WKH FRGH

IGRR ZNK XKRK\GTZ ROHXGX_LORK

OTIR[JK "9KX\U N$

OTIR[JK "=OXK N$

OTIR[JK "20W[0OJ)X_YZGRE/ ) N$

9KZ ZNK IUSS[TOIGZOUT GJIXKYY UL /) ZUGXGIZROXY
K\KX_ROTK ZJUROTKY OT ZUZGR

20W[0J)X _YZGRE/ )S RIJ ~ !

YKZVUXZY UL Z]JU YKX\UY ZU JOMOZGR GTJ



ZZZ NH\HVWXC

9KX\U YKX\UE !

9KX\U YKX\UE !

\URGZORKOTZHZT ET[S! YKZ\GXOGHRKHZT ET[S
\URGZORKOTZHZT ET[S! YKZ\GXOGHRKHZT ET[S
\URGZORK OTZH[ZZUT ! YKZ\GXOGHRKH[ZZUT
\URGZORK OTZH[ZZUT ! YKZ\GXOGHRKH[ZZUT
9ZXOTM LGTYEINGX! YZXOTM Z_VK\GXOGHRK LGTYEIN
\URGZORK OTZLGTYE\GR! YKZ\GXOGHRKLGTYEINGX
\URGZORK OTZLRGM! YKZ\GXOGHRKLRGM
\URGZORK OTZLRGM ! YKZ\GXOGHRK LRGM
\URGZORK OTZLRGM ! YKZ\GXOGHRK LRGM
\URGZORK OTZ MGY! YKZ\GXOGHRK MGY
\URGZORK OTZ OTLXGX! YKZ\GXOGHRKOTLXGX
9ZXOTM RKJ ! YZXOTM Z_VK\GXOGHRK RKJ
\URGZORK OTZ ROMNZ! YKZ\GXOGHRK ROMNZ
9ZXOTM VGYY! YZXOTM Z_VK\GXOGHRK VGYY

9ZXOTM VGYY]J! YZXOTM Z_VK\GXOGHRKVGYY]J

9ZXOTM YKX\U ! YZXOTM Z_VK\GXOGHRK YKX\U
\URGZORK OTZ YKX\U EGTMRK! YKZ\GXOGHRK ROMNZ

9ZXOTM YKX\U ! YZXOTM Z_VK\GXOGHRK YKX\U



ZZZ NH\HVWXC

\URGZORK OTZ YKX\U EGTMRK! YKZ\GXOGHRK YKX\U E

\URGZORK OTZ YUOR! YKZ\GXOGHRK YUOR
\URGZORK OTZ\GR! YKZ\GXOGHRK\GR
\URGZORK OTZ\GR[KERKJ ! YKZ\GXOGHRK\GR[KERK/J

\URGZORK OTZ ]GZKX! YKZ\GXOGHRK ]GZKX

OTZ RKTMZN!

OTZ ZUTKVOT# ! YKZZNKYOMTGR KTJ UZOGREYYO\K H[®
JKLOTK TGSK UL K\KX_ YU[TJ LXKWI[KTI_
JKLOTK *

JKLOTK *

JKLOTK *

JKLOTK *

JKLOTK *

JKLOTK *

JKLOTK *

JKLOTK *

JKLOTK 3

JKLOTK 3

JKLOTK 3

JKLOTK 3



ZZZ NH\HVWXC

JKLOTK 3
JKLOTK 3
JKLOTK 3
JKLOTK .
JKLOTK .
JKLOTK .
JKLOTK .
JKLOTK .
JKLOTK .

JKLOTK .

JKLOTK =.52+
JKLOTK ."'2,
JKLOTK 7;'8:+8
JKLOTK +/-.:.

JKLOTK 9/>:++4:.

YKZ YU[TJVRG_ LXKW[KTI

OTZ Z[TKAC #



ZZZ NH\HVWXC

3 3 3 3
3 3 3

3 3 3 3
3 3 3 3
3 3 3 3
3 3 3

3 3 3 3

YKZ S[YOl HKGZ
LRUGZ J[XZAC #

a



ZZZ NH\HVWXC

\UOJ YKZ[V a

9KXOGR HKMOT ' YKZHG[J XGZK ZU

S RIJ OTOZ !
S RIJ HGIQROMNZ ! OTOZOGRO'K 2)*

2)* YNU]Y VGYYIUXJ GZLOXYZ XU]JGTJIJIURI[ST



ZZZ NH\HVWXC

S RIJ YKZ)[XYUX !

S _RIJVXOTZ VGYYIUXJ !

YKX\UE GZZGIN ! SGQK YKX\UIUTTKIZ ZUJOMOZGR
YKX\UE GZZGIN ! SGQKYKX\UIUTTKIZZU JOMOZG
YKX\UE ]XOZK ! YKZ YKX\UIUTTKIZKJJOMOZGR ZL
YKX\UE [XOZK ! YKZYKX\UIUTTKIZKJJOMOZGR 2
JKRG _ !

VOT3UJK 5::6;: ! YKZJOMOZGR ZUU[ZV[Z
VOT3UJK 5::6;: ! YKZJOMOZGR ZUU[ZV[Z
JOMOZGR=X0ZK ./-.! YKZJOMOZGR ZUNOMN RK\Kk
JOMOZGR=X0ZK ./-.! YKZJOMOZGR ZUNOMN RK\Kk
VOT3UJK /46;:! YKZJOMOZGR ZUOTV[Z

VOT3UJK /46;:! YKZJOMOZGR ZUOTV[Z

VOT3UJK /46;:! YKZJOMOZGR ZUOTV[Z

VOT3UJK 5::6;: ! YKZJOMOZGR ZUU[ZV[Z
VOT3UJK ' /46;: ! YKZ' ZUOTV[Z

VOT3UJK ' /46;: ! YKZ' ZUOTV[Z

VOT3UJK 5::6;: ! YKZJOMOZGR ZUOTV][Z
VOT3UJK ' /46;: ! YKZ' ZUOTV[Z



ZZZ NH\HVWXC

VOT3UJK ' /46;: ! YKZ' ZUOTV][Z

VOT3UJK 5;:6;: 1 YKZIJOMOZGR ZU U[ZV][Z
VOT3UJK 5;:6;: ! YKZJOMOZGR ZUU[ZV][Z
VOT3UJK 5;:6;: ! YKZJOMOZGR ZUU[ZV][Z

RKTMZN # YO KUL Z[TK YO KUL Z[TKARRKTIMZMNKZ ZNK \1

\UOJ RUUV a
G[ZUEYKTYUX !
OL 9KXOGR G\GORGHRK $ YKXOGR XKGJY ZNK INC
a
\GR # O9KXOGR XKGJ ! YKZ \GR ZU INGXGIZKX
9KXOGR VXOTZRT \GR ! U[ZV[Z\GRINGXGIZKX OT TK] R
V]SEIUTZXUR !
C
Y]OZIN \GR a
IGYK G OL\GROY INGXGIZKX G KVXUMXGS JORR It
JOMOZGR=X0ZK J-.1 YKZJOMOZGR RDWMND¥I N
[V
HXKGQ! KAOZ RUUYV

IGYK H OL\GR OY INGXGIZKX H kVXUMXGS JORR IC



ZZZ NH\HVWXC

JOMOZGR=X0ZK 25=1 9KZ JOMOZGRJLLZU RU] Rk
HXKGQ! KA"OZ RUUV
IGYK | OL\GR OY INGXGIZKX | kVXUMXGS JORR IO:
JOMOZGR=X0ZK A-. 1 YKZ JOMOZGR L XKRN® M
IUTTKIZKJ ZU )53
HXKGQ! K"OZ RUUV
IGYK J OL\GR OY INGXGIZKX J kVXUMXGS ]JORR IO
JOMOZGR=X0ZK 25=1 YKZ JOMOZGR KRW R O]YF

JOYIUTTKIZKJ ZU )53

HXKGQ! KA"OZ RUUV

IGYK K OL\GR OY INGXGIZKX K KVXUMXGS JORR IC
S[YOI ' VRG_HOXZNJG_YUTM

HXKGQ! K"OZ RUUV

IGYK L OL\GR OY INGXGIZKX L kVXUMXGS ]JORR IO
S[YOI I VRG_UJK ZUPU_YUTM

HXKGQ! K"OZ RUUV

IGYK M OL\GR OY INGXGIZKX M kVXUMXGS ]JORR I
TU:UTK I YKZJOMOZGR ZUYZUV VRG_OTM S[YOI
HXKGQ! K"OZ RUUV

IGYK N OL\GR OY INGXGIZKX N kKVXUMXGS JORR IC

9KXOGR VXOTZRT ROMNZ ! U[ZV[ZNEANBTAR[|KROLI K&



ZZZ NH\HVWXC

JKRG _
HXKGQ!
IGYK O
9KXOGR
JKRG _
HXKGQ!
IGYK P
9KXOGR
JKRG _
HXKGQ!
IGYK Q
9KXOGR
JKRG _
HXKGQ!
IGYK R
YKX\UE
JKRG _
HXKGQ!
IGYK S
YKX\UE
JKRG _

HXKGQ!

|
KAOZ RUUV
OL\GR OY INGXGIZKX O kVXUMXGS JORR |
VXOTZRT MGY ! U[ZV[Z ZNK TERROUK YG X O
!
KAOZ RUUV
OL\GR OY INGXGIZKX P kVXUMXGS JORR IC
VXOTZRT YUOR ! U[ZV[Z ZOK TR ROTIK YG X
|
KAOZ RUUV
OL\GR OY INGXGIZKX Q kVXUMXGS JORR |
VXOTZRT ]GZKX | U[ZV[Z ZNKKK\GR KK R OG X
|
KAOZ RUUV
OL\GR OY INGXGIZKX R KVXUMXGS JORR IC
]X0ZK | YKZ YKX\UIUTTKIZKYJ ZU JOMO:
!
KAOZ RUUV
OL\GR OY INGXGIZKX S kKVXUMXGS JORR IC
]XOZK !l YKZ YKX\U IUTTKIZKJ ZU JOMOZ
|

K"OZ RUUV



ZZZ NH\HVWXC

IGYK T OL\GROY INGXGIZKX T kVXUMXGS ]JORR IO
YKX\UE ]X0OZK I YKZ YKX\U IUTTKLWZKJIgZU JOMO
JKRG _ !

HXKGQ! KAOZ RUUYV

IGYK U OL\GROYINGXGIZKX U KVXUMXGS ]JORR IC
YKX\UE [XOZK ! YKZYKX\UIUTTKIZ&JZU JOMOZ
JKRG _ !

HXKGQ! KAOZ RUUYV

IGYK V  OL\GROY INGXGIZKX V KVXUMXGS JORR IC
JOMOZGR=X0ZK ./-.! YKZJOMOZGRJTZU NOMN R
HXKGQ! KAOZ RUUYV

IGYK W OL\GR OYINGXGIZKX W KVXUMXGS ]JORR |
JOMOZGR=X0ZK 25=! YKZJOMOZGR ZURU]RK
HXKGQ! KAOZ RUUYV

IGYK X OL\VGROYINGXGIZKX X KVXUMXGS JORR IC
JOMOZGR=X0OZK 25= !

JOMOZGR=X0ZK ./-.! LGTXUZGZKYGYZRYRUWI\DK
HXKGQ! KAOZ RUUYV

IGYK Y OL\VGROYINGXGIZKX Y KVXUMXGS JORR IC
JOMOZGR=X0OZK 25= !

JOMOZGR=X0ZK 25=1! LGTYZUVY XUZGZOTM

HXKGQ! K"OZ RUUV



ZZZ NH\HVWXC

YKZ HOXZNJG_YUTM
\UOJ HOXZNJG _
a
ZUTK I JOMOZGR U[ZV[ZY .@ YU[TJ
JKRG _ I JKRG_OT SY
ZUTK !
JKRG _ !
ZUTK !
JKRG _ !
ZUTK !
JKRG _ !
ZUTK !
JKRG _ !
ZUTK !
JKRG _ !
ZUTK !
JKRG _ !
ZUTK !

JKRG _ !



ZZZ NH\HVWXC

ZUTK
JKRG _
ZUTK
JKRG _
ZUTK
JKRG _
ZUTK
JKRG _
ZUTK
JKRG _
ZUTK
JKRG _
ZUTK
JKRG _
ZUTK
JKRG _
ZUTK
JKRG _
ZUTK
JKRG _
ZUTK

JKRG _



ZZZ NH\HVWXC

ZUTK !
JKRG _ !
ZUTK !

JKRG _ !

JKZKIZ MGY
\UOJ G[ZUEYKTYUX a
MGY # GTGRUMSBKGJ ' ! GYYOMT ZNK GTGRUM \GR[K U
OL MGY $ a
OL\GXOGHRK MGY$
LRGM # ! YKZ\GXOGHRKLRGM ZU
JNORK LRGM ##

OLLRGMOY VXUMXGS JORR IOXI[RGZK

9KXOGR VXOTZRT JGTMKX ! U[ZV[Z JGTMKX OT"
ZUTK !
JKRG _ !
JKRG _ !

TU:UTK !



ZZZ NH\HVWXC

JKRG _ !
ZUTK !
JKRG _ !
JKRG _ !
TU:UTK !
JKRG _ !
MGY # GTGRUMSBKGJ ' | MGY GTGRUM ZNK \GR[K UL
oL MGY" OL\GXOGHRK MGY OY RKYY ZNGT
a
LRGM# ! YKZ\GXOGHRKLRGM ZU

HXKGQ! K"OZ RUUV K*"OYZ ZU RUUV

¢c KRYK

UZNKX]OYK

TU:UTK ! JOMOZGR YZUVY VRG_OTM S[YOlI

C

ROMNZ # GTGRUMS8KGJ " ! 'YYOMT ZNK BOGIRIUM \G R
OL ROMNZ™ OL\GXOGHRK ROMNZOY RKYY ZNGT

a



ZZZ NH\HVWXC

OTLXGX #JOMOZGR8KGJ I GYYOMT ZANKGER[K UL JC
9KXOGR VXOTZRT OTLXGX ! U[ZV[ZXGXK ODEFRTK]JWIRLOTGK
OL OTLXGX ##

OL\GXOGHRK OTLXG OY

JOMOZGR=X0ZK -1 YKZIJOMOZGRY U NOMN
c KRYK 5ZNKX]JOYK
a

JOMOZGR=X0ZK 25=1 YKZJOMOZGRLLZU RU] R

C
]GZKX # GTGRUMSKGJ ' | GYYOMT ZNK G DGRAHR\G]RH K}
OL ]GZKX $

OL\GXOGHRK]JGZKX OY RGXMKX ZNGT

LRGM # ! OL\GXOGHRKLRGM ZU
INORK LRGM ##

OLLRGM OY VXUMXGS JORR IOXI[RGZK

9KXOGR VXOTZRT XGOT ! U[ZV[Z XGOT OT TK] R

YKX\UE ]X0ZzZK I YKZ ZNK YKX\U IUTZKIZKg ZU .



ZZZ NH\HVWXC

JKRG _ I JKRG_OT SY

JKRG _ !
JGZKX # GTGRUMSKGJ ' !l GYYOMT ZNK GTGERGM RC
]G ZKX
OL ]GZKX " OL\GXOGHRK ]GZKX OY RKYY ZNGT
a
LRGM # ! YKZLRGM ZU

HXKGQ! KA"OZ RUUV

c KRYK 5ZNKX]OYK
a
OL \GR # [ \GR # T

OL\GR OY TUZ KW[O\GRKTZ [ KOZNKX T

YKX\UE ]XO0zZK I YKZYKX\UIUTTKIZ&J ZU JOMOZ

JKRG !



ZZZ NH\HVWXC

YUOR# GTGRUMS8B8KGJ ' I GYYOMT ZNK G TTEFRHRK\GROIR
OL YUOR $

OL\GXOGHRK YUOROY MXKGZKX ZNGT

LRGM # ! YKZLRGM ZU
INORK LRGM ##

/ILYKZLRGM ZU VXUMXGS JORR IOXI[RGZK

9KXOGR VXOTZRT N_JXUVKTOG ! U[RNRD TNYIXU\
ZUTK !

JKRG _ !

JKRG _ !

TU:UTK !

JKRG _ !

ZUTK !

JKRG _ !

JKRG _ !

TU:UTK ! JOMOZGR YZUVY VRG_OTM YU[TJ

JKRG _ !

YUOR # GTGRUM8BKGJ ' ! 'YYOMT ZNK GTGRGMRG&F

YUOR

OL YUOR" IL\GXOGHRK YUOR"



ZZZ NH\HVWXC

LRGM # ! YKZLRGM ZU

HXKGQ! KA"OZ RUUV

c KRYK 5ZNKX]JOYK
a

TU:UTK ' YKZJOMOZGR ZUYZUV VRG_OTM S[YOI
C

JUUX ! X[TY[HXU[ZOTK

\UOJ JUUX a
H[ZZUT #JOMOZGR8KGJ ' GYYOMT ZMKHZABRTK UL JO

H[ZZUT #JOMOZGR8KGJ ' GYYOMT ZNMKHZABRBRTK UL JON

OL H[ZZUT ## OL\GXOGHRKH[ZZUT OY
a
JKRG_ | JKRG_OT SY

INORK H[ZZUT ## OL\GXOGHRKH[ZZUNMO XIYR 6VZXU



ZZZ NH\HVWXC

H[ZZUT #JOMOZGR8KG]J I GYYOMT ZMHZBRTK UL

HZT ET[S#HZT ET[S ! \GXOGHRKHZT ET[S VR[Y
JKRG _ I JKRG_OT SY
C
C
OL HZT ETI[S $# HZT ET[S " $OL\GXOGHRKHZT E

a
9KXOGR VXOTZ !
9KXOGR VXOTZ !
VGYY]J #9ZXOTM VGYY]J 9ZXOTM I YKZVGYY]J
VGYY #9ZXOTM VGYY 9ZXOTM I YKZVGYY
2)* YNU]Y VGYY GZ ZNK LOXYZ XU] GTJ IUR[ST
S RIJ YKZ)[XYUX !
S RIJ VXOTZ VGYY !
C
OL HZT ET[S $#

OL\GXOGHRKHZT ET[S ~

9KXOGR VXOTZ !

VGYY]J#9ZXOTM VGYY]J 9ZXOTM I 9KZVGYY]J



ZZZ NH\HVWXC

VGYY #9ZXOTM VGYY 9ZXOTM I YKZ VGYY
2)* YNU]Y VGYY GZ ZNK LOXYZ XU] GTJ IUR[ST
S RIJ YKZ)[XYUX !

S RIJVXOTZ VGYY !

C
OL H[ZZUT ## OL\GXOGHRKH[ZZUT OY
a
JKRG_ !
OL H[ZZUT ## OL\GXOGHRK H[ZZUT OY
a
OL VGYY]J ## OLVGYY]JOY
a
S RIJIRKGX ! IRKGX 2)* YIXKKT
2)* YNU]Y UVKT GZLOXYZINGXGIZKX UT YKIUT,
S RIJ YKZ)[XYUX !
S RIJ VXOTZ UVKT !
YKX\UE ]XO0ZK | YKZ YKX\U IUTTKIZKE ZU JOM(
JKRG _ !
JKRG _ !
VGYY]J # |

VGYY # |



ZZZ NH\HVWXC

S RIJIRKGX ! IRKGX 2)* YIXKKT
2)* YNU]Y VGYY]JUXJ GZLOXYZINGXGIZKX UT LC
S RIJ YKZ)[XYUX !

S_RIJ VXOTZ VGYY]UXJ !

c KRYK B5ZNKX]OYK
a
S RIJIRKGX ! IRKGX 2)* YIXKKT
2)* YNU]Y KXXUX GZLOXYZINGXGIZKX UTLOXY
S RIJ YKZ)[XYUX !
S RIJ VXOTZ KXXUX !
VGYY]J # |
VGYY # |
JKRG _ !
2)* YNU]Y GMGOT GZLOXYZINGXGIZKX UT LOXY
S RIJ YKZ)[XYUX !

S _RIJVXOTZ GMGOT !

C
OTLXGX #JOMOZGR8KGJ ' GYYOMT ZMKGXR[K UL JO

OL OTLXGX ## \GR # R \GR # Z



ZZZ NH\HVWXC

OL\GXOGHRKOTLXGXOY GTJ\GROYTUZ R KOZN

YKX\UE ]XOZK ! YKZ YKX\UIUTTKIZKJ ZU JOMOZGF
JKRG_ |

C

OL H[ZZUT ## OL\GXOGHRKH[ZZUT OY

a

JKRG_ !
IJNORK H[ZZUT ## OL\GXOGHRKH[ZZUM XIYR&ZXU
a
H[ZZUT # JOMOZGR8KGJ ! GYYOMT ZMKHZBRTK UL .
HZT ET[S#HZT ET[S ! \GXOGHRK HZT ET[S VR[Y
JKRG _ !
OL HZT ET[S $# OL\GXOGHRKHZT ET[S ~
a
ZUTK !
JKRG _ !
S RIJIRKGX ! IRKGX 2)* YIXKKT

2)* YNU]Y VGYY]JUXJ GZ ZNKLOXYZINGXGIZKX
S RIJ YKZ)[XYUX !
S RIJVXOTZ VGYYJUXJ !

2)* YNU]Y ]GOZ GZZNKLOXYZINGXGIZKX UTLO:



ZZZ NH\HVWXC

S RIJ YKZ)[XYUX !
S RIJ VXOTZ ]GOZ !

c KRYK 5ZNKX]OYK

a

TU:UTK I JOMOZGR YZUVY VRG_OTM S[YOI

C
HZT ET[S # ! YKZHZT ET[S ZU

HZT ET[S # ! YKZHZT ET[S ZU

(OXZNJG_YUTM
\UOJ S[YOI a

HOXZNJG !

5JK ZU PU _
\UOJ S[YOIl a

5JKEZUEOU _ !
C

\UOJ 5JKEZUEOU_ VRG_5JKZUPU_YUTM



ZZZ NH\HVWXC

LUX OTZz~# ' """ RKTMZNI!~?
a
ZUTK ZUTKVOT Z[TKA~”C |

JKRG _ J[XZAAC |

6=3 IUTZXUR
\UOJ V]SEIUTZXUR a
Y]OZIN \GR
a
IGYK Z OL\GROY Z kVXUMXGS ]ORRIOXI[RGZK
YKX\U # 9KXOGR XKGJ9ZXOTM;TZOR !
YKX\U EGTMRK # 9ZXOTM YKX\U ZU/TZ !
YKX\UE ]XOZK YKX\U EGTMRK ! YKZ ZNKIGKMREK |
JOMOZGR ZU YKX\U EGTMRK
JKRG _ !
HXKGQ! KAOZ RUUYV
IGYK [ OL\GROY [ kVXUMXGS ]JORR IOXI[RGZK
YKX\U # 9KXOGR XKGJ9ZXOTM;TZOR !

YKX\U EGTMRK # 9ZXOTM YKX\U ZUlTzZ |



ZZZ NH\HVWXC

YKX\UE ]XOZK YKX\U EGTMRK ! YKZ ZNKIGKMEK
JOMOZGR ZU YKX\U EGTMRK
JKRG _ !
HXKGQ! KAOZ RUUYV
IGYK \  OL\GROY \ kVXUMXGS JORR IOXI[RGZK
RKJ # 9KXOGR XKGJ9ZXOTM;TZOR !
\GR[KERKJ #9ZXOTM RKJ ZU/TZ !
GTGRUM=X0OZK \GR[KERKJ ! 6=3\GRKERKJIOMO:
HXKGQ! KAOZ RUUYV
IGYK ] OL\GROY ] kVXUMXGS ]JORRIOXI[RGZK
LGTYEINGX # 9KXOGR XKGJ9ZXOTM;TZOR !
LGTYE\GR # 9ZXOTM LGTYEINGX ZU/TZ !
JOMOZGR=X0OZK 25= !
GTGRUM=X0OZK LGTYE\GR ! YKZ 6=3 \TGYR\GRIKZ DK
RGXMKX ZNK\GR[K ZNKLGYZKX ZNK LGT

HXKGQ! K"OZ RUUV

8SORDG WKH ZKROH FRGHDQG VHH WKH UHVXOW



ZZZ NH\HVWXC

1RWH 5HPRYH WKH %OXHWRRWK PRGXOWBOWIFN\RGHKH (
2WKHUZLVH WKH SURJUDP ZLOO |ID L OWNRR WXORDGE %8&RKE

PRGXOH WR SDLU DIWHU XSORDGLQJ WKH WHVW FRGH

THVW 5HV XOW

8SORDG WKH WHVW FRGH VWDFN H[SDQRDRQ HRQP® G Rz

RQ $IWHU SDLULQJDQG FRQQHFW L ®JFB Q XHRQRRNRIO WK
KRPH WKURXJK DSS

SHODWHG 5HVRXUFHYV

:LNL SDKWWSYV ZLNL NH\HVWXGLR FRP ODLQB3DJH

2IILFLDO ZKNEWISNVH NH\HVWXGLR FRP

.LGVELWY KNEWEWH ZLNL NLGVELWYV FF

'RZQORDG FRGH OLEUDU\ VRIWZDUH DQG DSS

KWWSV |V NH\HVWXGLR FRP .6
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