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ABSTRACT

This thesis presents a technique for implementing wireless network of remote
control for home appliances. The proposed technique is based on the use of a credit-
card-sized single board computer named Raspberry Piand 2.4 GHz RF wireless modules
modeled NRF24LE1. The Raspberry Pi board is employed not only for managing
a database and providing user access via web browser but also for controlling the
entire system operation. One of the NRF24LE1 wireless modules connected with
the Raspberry Pi board functions as a master of data transmission. Other wireless
modules connected with final control elements are assigned as the slaves. In order to
test the workability of the proposed technique, a system to remotely control
an operation of air conditioner and a flow of current from the wiring to three female
connectors are implemented as a prototype. Moreover, an. electrical power
consumption of the home appliance connected with each controlled female
connector can be monitored via web browser and reported in the Microsoft Excel file

format.
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2.23.2 mwitldlunsuanawaniniviundwes
Usgnausnenm HTML, JavaScript way PHP adunguntwmdniily
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1) HTML (Hypertext Markup Language) iHumwunsinduvan
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msdeusiafuiniothedumesiin Alfuin1sBumeiidnvzidngdumesiin
i < ' s L < - o o v a
TngsunszuueIaTIevesdinai uism videanudnw Jsavideusedudlnuinis ISP
. . H L= L A - )
(Internet Service Provider) 84 ISP Wuiemhsnuilivinsidouseiniesneuiameddiu
yara videiietnereuiumes Whiueietiedumesillavialan Tullegiudssvalvneddli
uinsdumesiiinegieiy 2 Ussavde wmihesnunsmavieandumsfine Auuisneg
L} = §£ < = a - o v a v oo o L o =)
WiuinmsBuwesiilndandyd mswensedugliuinig ISP Fliuinisialumuduinuie
- ' - i ar a 1 = I3 i
fegerde nFeusafudlruinmstiumBumesiinainuiage wie ADSL (Asymmetric
. . . = - L4 °_ a as Vo
Digital Subscriber Line) &lviuimsaglvvineian IP viisvunsiavdsedndanugliuinms
a L3 al L7 s i @ & =t i i
suwedida ieldsyymmuluniatisdumediin Sunsan 1P ndsunlasegnasaiia
- (. Yoo a g - - LY L i o v
lngAuagiugliuims ISP Feilvinisldaubudivnofwebivinisdeya Liawnsovilé
v & w o W A Y oA a v oot " 8w
MuusrAnainsliuinmMIamneay 1P AUglWuEnTs ISP iermvneay IP 13 allenldine

VALLAY

2.3 gunsniildenld

gunsaiiidenldudsznaumelilasaoulnsaiass  nRE24LEL . lddmiununums
vhauasdulugalumsiededearsiiane  peuRumeduunadn Raspbery P 141y
gudoyauandinnes uazlod ACST12 fiuled ADE7763 l¥dmsuatusinszualnih

2.3.1 lulasaoulvsaaas nRF24LE1
r - v -t v o a
Lulasmeulvsained (7] fie gunsalmuarvwInan dulanuaunsapdeadaiy
ssuupeuitumei Tnglululaseaulnsaimeilasauie @iy, wiheanud waswesa July
dulsznaundndftdalinneny
lassafrdlaemilyvaslulasreulnsaaed anunsouwuseanulaidu 5 du fe
Il - X - ° v o
1. mheUsunauana1miadig (CPU : Central Processing Unit) viwind
- #o uoa o
allouauasvedlilrsraulvsalaesimiivszanananisvieu
2. MheAUI (Memory) aunsautteandu 2 du fe mhoanuidmiu
wulusunsuvdn  (Program  Memory)  Wisuiailousnsanariveanias
a Y so - v = o ' ° ' 1o
poumeiAsliy Ao Jeyalgniiulilumheanudrevhigywiewdilid
o - g o o ' o w -
Wides  Sndrunilafemiiemudfoya (Data Memory) lHiTumilou
° ol & oo v o o i
nszAwnAlunIsAINTesdiny wanluivndeyathnsivasyhau wnli
: L g 1 s ' o - = f
flvideateyavzmeluadreiumisnnudiuse (RAM) Turiospeufiomed

lnglululasreulnsamesmhsanudfeoyassdl  wihwmmdusudedoya
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- ' & ' o acial
emwlUiielifilwides waswuieaud1ddnseny (EEPROM : Erasable
o o @/ [ ] a

Electrically Read-Only Memory) -mmmsnLﬁwaga‘lmm“lummam

3. dufnderiugunsalmeusnviowain § 2 dnvazhe woinduwn Lavwesn
y- - ¢ v % B & ¢ 4 o
dedygavionedaediwn  ldluniswensedugunsalnieuen  WWesu
al L - « A o 1 I3 L3 A
dyguenvmenisnaaing e lUussnanauazddlunainieine e
LARINALYY NsAnaTveaaaln Wunu
1 - < L% = v A o L2

4. fpamaiuresdyginuvieta (BUS) Ap wunimsuaniUdsudygateya
53N iy wheanudwazwess Wudnvurvesaedygin $1auann
sgneludlulaspeulnsaaes Insuinluladeya (Data Bus), Vaueninsa
(Address Bus) uazUaaunu (Control Bus)

s =l

o = al o 1 A o 1 dl A
D. Naimmmammmmﬁm Huluduyseneunddyandndrunis ewn

o

&

o d - - s « s o o
nrsviunianuludlilaseeulnsames vtusgiunisfmuadavaz wn
a = a ar a =3 o !I-l'dv i t
dyganniiniienudgy  danemsinufgawnsileity - dwald

lulaspaulnsamasiaiy danusilumsussinaragmuluse
luliggrinusatuiila@onltlilasreulyisames nRF24LE1 [8] vosui®wm

= . [ < cal v

Nordic  Semiconductor #agui- 210 hululasreaulvsalaaiffiaiuenansalusinunis

- 1 d‘ ) v 1 o (% J o ' 'w -
Anredeasuuulianuiulugaiu-dweyaliane nlenuddygadvg o 24 GHz

R

=i

Faflmrwanusalumsdanisnasldwdenuiitunseualihgega - 14mA — Tuumsiu-ds

Lol

=l Lo = 4 b
doya  uard;iuaansalun1invaeumsggmeveseyaluvasiasiadearsiuuliae

Y
[

snvisllaspoulnsaiaed’ nRF24LEL Gailiteidunmvinu 1y Tugaideusesynsy Serial
Peripheral Interface (SPI), Tuga 2-wire Universal Asynchronous Receiver Transmitter
(UART), Tugawdasdnyeyins Analog to Digital Converter (ADC), luga Pulse Width
Modulation (PWM)

o o n 1
e -amﬁ
(= S 0
Y- T g > H
TIFTIBITBITIDRE
P0.1[De 4| VDD
VDD [ G3 VSS
DEC1 [ nRF24LE1E G3| ANT2
DEC2 [D 2] ANT1
20.2 [ QFN32 vDD_PA
PROG [ 5x5 (5| RESET
P0.3[p (g P1-4
vss ® Exposed die pad (7]1P1.3
EICTRIETENZTEIE]
ATNOrOoAN
BEcocooman
[+ TR < VI <V < VI« PR« PR s T4

2.10 wesmnsideuse warledlulaseroulnsaians nRF24LELE

€an
=
=
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|
f
X1 | SoF
16MH2 (‘i“
15p#
(iTIJ VO _aRF
Len
T 1oonk
e
e
§ L[ GND
F u
sonen
EEE::??E
VO nRF e ey B
i " VDD vss b-?
DECI ANT2
DEC2 ANT1
—r P2 Vi) PA 0]
—tt PROXG d RESET o=
o ==C7 * P03 mRFMLEL  pia t
|||ll|FIIllll!l“ﬂl ‘rm ra
- - -_— R el
GND GND  GND == EES‘.E!:;:

GND o i TaRFEALRY Sxs
vecarr [T & i

U 2.11 2995 uprlugalulasreulnsaiaes nRF24LEL

lulasmaulusaiaes nRF24LEL ansmirluysvgndldanulavamnuanglaun

1) gunsaidewiuEafuReudalmes WU wnd Aduasa Tlmeoulvia

2) gunsaflunisruruszerlulng wiu wiestdneludu

3) gunsailunTsinmsiaynsdvaey Wi aunsalinTeYwUnTaingads gunsal

AlFnuAeadoiu RFID

4) aunsalluszuusnwrnudasnsie W aunsalidsdiou

5) gunsalifisatuguaamuazniseenmidsnie vesdu uavilminnoulnsa

lulasreulnsaiaes nRF2aLE1 RGummnm 2.4 GHz Tunisiu-duteyalned
Wslnmeaill¥iu-dedieyaie Enhanced ShockBurst Tupast-diiayaliansldoanuuyliiidag
A udldarud 2.4000-2.4835 GHz TnofAruiilumsiu-dedeyadus 250 kbps, 1 Mbps
uar 2 Mbps @unsasernnslinuldiistmmes EN AA ladanisldaunsundudeya
Sluld RF_CH eidenaruiilunisléaiu RE_SETUP ileidendarmiuduasidsluns

o | W a4 & 4 a ) ) W W
TU-ﬁﬁ‘U'ﬂ:‘l’ﬂ way CONFIG L'NﬂﬂQﬂTﬂULﬁB?iWVﬂuﬂaiU-ﬁQﬂﬂHﬁl‘iﬁqEJ

2.3.1.1 Enhanced ShockBurst™ [9]
Enhanced ShockBurst Huluslameafildlunisdmnisunaing  wag
v v a 1] -l 5 o a 2 4 o ;
asavaeumgndBsvesdeyaluvnziu-ds  Bnvisddanisiuanudemevesfeyaiiialu

s ] ° ar 1 | I‘J’ d 1 kel b
Yuriu-dr lapazyi ﬂ"l'i‘iU-ﬁ\'l‘if”rJ{l‘ﬁ'Lﬂuaﬂﬂ‘N LBATIVFDUNUIVBYALNAAT oy uay
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ar 1 a e A a @l ar
Enhanced ShockBurst agaglumsdanisnislimdanu iweliiinnisussmdandsanuann
-
G0
Aaandinanveslusinaea Enhanced ShockBurst
1) dvuedeyadaus  1-32 lud  Feanansadendmualdnuni
ABIN1T
2) awsednnisuiainateyalilagdnluil@
3) navaupinsiu-dueyalalnednlul® uardnditoyalmidnaialay

wa o v
anlulld Wielinsgymevesdeya

4) Anmenuludnwuririatisanis (Star Topology) UWuU 1 : 6

2.3.1.2 MultiCeiver™ [10]
MultiCeiver 1Hunmanianilulilnsroulnsaiass  nRF24LE1 4
Usenause Data Pipe 6 toviilivuisiavuszswiiunnsretu vililugadu-dudeyaliane
ausesuiieyaldanddsiiimneaadssdvhiuansnaiulsde 6 @ Taasvinuldiies
Yoty ol aita 1 Tneseinistdanlanssames EN RXADDR Weidaldu Data Pipe
uaz RX_ADDR_PX iftesavansiavisydrdanes Data Pipe

Frequency Channel N

= 1 @ () ' 2 .
JUN 2.12 Taseaininsiu-dedayaniu MultiCeiver
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2.3.1.3 Power down control [11]
Hunuauaidogludlilaseoulnsaiaes  nRF24LEL  iedaeli
Lilasroulnsaiaosidngiuunusendandanu  Tnedeinfizdawes PWRDWN  figuuuums
Uszndawdasnu 5 3Unuu e Deep Sleep, Memory retention timer off, Memory retention
timer on, Memory retention, Standby uazawsaidensenazluuayszndanasauls
3 sUuuu Ao ndygaivg, 1ndainuniing uaznnein Tnesarnisdawmes WUCON

Tulnususendandsnululaseoulnsaians nRF24LE1 xonsINITUTIAANAIY

FamI9790 2.1

4 a = o « ar ¥
A19199 2.1 ORTINMSUSIaANATUTaIandumg 5

N
Deep Sleep 0.5 uA
Memory retention timer off 1.0 uA
Memory re’gention timer on 1.6 uA
Memory retention : 1.8 UA
Standby 1.0 mA

2.3.1.4 Pulse-Width Modulation [12]

lulasroulvsames nRF24LE1L luga Pulse-Width Modulation
PWM) aosluga Taevsandlugaedldiueratlumsihusaiy wiansoddledail
wangeiuld dlerilunisldondug 4 Kz sully 245 kHz SRamesidlunisenniud
fio PWMCON waviaainesnldlunsmernaimtaiaiie PWMDCO uae PWMDC1

naegandudyy PWM  asidunsdsumiuninevesdoygyo
WadvSorvasiamlaiia (duty cycle) Tapemudivesdygamaderlifinsdouuas 3
FvasminlaAnfotanunItesadifaruzaeingt  TnsAndndiuduedifudan

ALNSvRINad LA BernAaRledaannsanilaaindaLduTusaail

= = vvesdnguvad
FdRluiAa = = X 100% (2.1)

LI G A GTEL LA ATRTRNT
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Pulse Width Modulation Duty Cycles

25% : 50% 75% 100%

Duty Cycie Duty Cycle Duty Cycle Duty Cycle Duty Cycle
5 . 4
Average
§ | Average Voltge
g [ Mgy voltage 4
= Avrage Voltage
Average Volt.
0 >
0 4 6 8
Time (ms)

IJ ar 1 L 4 v fala a
31."“ 215 C‘I'TﬂEl'lﬁﬂ'i'lllﬂ']'lﬁ‘llaﬁwaﬂﬂﬂ'wgll‘ﬁLﬂﬁ

2.3.1.5 Universal Asynchronous Receiver Transmitter
Universal Asynchronous Receiver Transmitter (UART) [13] Wums
fu-detoyalugiuvvesdalasda  Sududruvikilumsdearseunsy  sxsu-dedoyariu
mudnyns TX was RX faguil 2.18 Tnovhs 2 guUnseiasiasiinounousaniy uaziidaud
Tunsfu-defeya (Baud rate) fiviriu fE3aweialdlumssamaieufe SOCON uas

SORELH iU SORELH w‘va‘l,-ifﬁ'jammmL%’;’Lunﬁ%’u-eiq%’agaﬁ"’wi 600, 1200, 2400, 4800, 9600,
19200 un¥ 38400

Raspberry Pi Microcontroller (nRF24LEL)

GPIO 8 (TX) - P04 (RX)

GPIO 10 (RX) |-t P0.3 (TX)

COMMON COMMON

=l - » e | '
31.]“ 2.14 NIILVDUADIU-SVBUGNIU UART

—— Freseeretim mrabesrsives asrenney bessivimBiatenaniin s

-

XD

Stat D0 D1 D2 D3 D4 DS DG D7 Parity Stop
Bits bit (Isb) (msb) bit  bit :
Sampling : 1.5bit {1.0 bit etc

i i
H -

ey 4l
Siiteesssanntsl

Etreesannitsd
sl lrassanatyy
IrReeessNty

5
£

s -
= =
2 =

I H
PRT R PR TP PPY

 Duration of one byte (10-12 bit periods)

N

Ul 2.15 Junuumsdsdioyasing UART

2.3.1.6 SPI (Serial Peripheral Interface)

SPI (Serial Peripheral Interface) [14] ijunﬂsﬁamiaqmu i
o € a i o v o - w o ° -l
Tuguuuuiiliigunsaidmilaimihidumnawes uvusiigunsaiddu q vimihdduaaw
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ﬁ’agﬂﬁ 216 SPI \Junsu-dedeyauuudalasialulvun  Full-duplex Tumanea
dyamauisodaniusewinames wavaanldedwsaddes lunisdearsuuu Sl e
wnamedidusaimuanismusumsioasimun Tagmusumudygnauuninn funaned
wilumidnduly Suviedidoyaiuaian nsfu-dedoyaniou SPI Ussneusomeudya i
Aidufe SCLK g1ulaan, MOSI snawmesiadwmaiandunm, MISO uameidunmaianionding,
ss aanideninse wariiSawesililunissanisvhaude SPIMCONO

SCLK P1.4 SCLK P18
MOSI P1.6 » MOSI P20 SPI
S MISO P1.5 | MISO P19 g
MASTER : (ADE7763)
(Microcontroller) SSP1.0 1SS P17
SSP1.1
S5 P1.2
4| SCLK P18
SPI
$—+- MOS! P20
b ‘ SLAVE
{ MISO P19 Pt |
>SS P17
! SCLK P18
= MOSI P20 SPI
SLAVE
MISO P19 ol
" 55 P17

:‘ J 1] LY - 1
JUN 2.16 n1si¥pumpIU-~daayan1u SPI

] ] T ' i [l 1 1
] 1 i ' i 1 1 !

ss# L
[}

MOSI beo X ber x baa x bes X Bos xi, x bes x ber x

L]
[
1

MISO 3D

1
L)
i

i (] ] i
1 ' 1 i
| ' 1 i
1 1 1 i i

1 ]

i
i , E :
UM 2.17 JUuuunIEITeayanIu SPI
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2.3.2 mauRImasvUIALAN Raspberry Pi

Raspberry Pi fionauianesuaiaifie (Single Board Computer) @fﬁgﬂﬁ 2.18
Waulagiuves Raspberry Pi Foundation anigewiini Imnsiaieme Eben Christopher
Upton ihinadraniteasuluanvt Computer Science Tnsairstulyviremilunmwinseudu
awmdnlunisenuay Raspberry Pi uanantiugadouniwduiitedsnisvinauld wu n1wn
win, mwd, e Perl 168ndhe TnussuuuvRnisariindsas SD Card fios USB uaztes
ey LAN Tneildwuusznaudsgudl 2.19

sruuUfURMTldudmIU Raspberry Pi usyuuufiRnig Linux fianunsa
\Peusafugunsaididnnseiindléiniu GPIO (General Purpose Input Output) Favirlranunsn
Wannawldednslidita g msleusetueniaunie. g vhoudesedugiudoya
w3edu q Bnunnang

TulBeyainusididentd Raspberry Pi wnviidudswnesflédmiufuioya
nluga nRF24LEL sy UART 1ag Raspberry Pi auifousieduniovaedumesiiniie

FumsmuALHIuNeS Y e BUmasn

RCAVIDED AUBID  [EDS U

i 3
g -.g,‘_\ R

o a  saumRM e < O
PO o

A

L i e

POWER

*

E‘Uﬁ 2.18 uesn Raspberry Piju B

(B B B O B B B BN AN BNNE

" " SN W

;;;Uﬁ 2.19 @Us¥neuves Raspberry Pi 5u B
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2.3.2.1 s¥uuUfuRn1sve Raspberry Pi

a wm a v od w & ) o o v a
sruuUiuinis [15] dvhivdn q Ao n1sdeassminensinelwuinis
« '3 ¢ [ | wr g ) ¢ « ' 1w o
gowAuasUsEynd Tunsiu-duasdniiuteyatuendaud iy msduayaniwluuaninan
sonm  nsdsdayaluiiuniestuainetiafad  msfu-dweyalusruuieietis  nsds

o ° - W & :hl ' ° P I v
dygrandealusendilnve  wisdnasshuilumheaudn  aufigendwiUssandiove
o e v oo v - - o ¢, ¢
suiyimihideassuanisidmheysynananay  Tunsdileygalveenduwiiuseyna

al ] v s -l 1 L v as J
wate q dwihnunden q Au ssuuljiinisasdisliieenduiivssendlidiosinnisiEes
waumsaueLisuAsunliuin1sInszUuUURnTs iliaugendwsUszyndlade
¥ - Vel a wa al v ° ' .

Judsly Raspberry Pi duldfiszuuyfuAmsnsesiuluduauuin Wiy Arch Linux ARM,
Debian GNU/Linux, Gentoo, Fedora, FreeBSD, NetBSD, Plan 9, Raspbian OS, RISC OS,

. e a a va ; - o
Slackware Linux m‘luﬂ?:gfg'mwuﬁ'mﬁtﬁan‘l'ﬁ’ﬁzuuﬂgummi Debian GNU/Linux (184970
- A -‘q - ket J o L4 - v v U L
Wuszuuufuimsndey  wasdinslinudusnnusnaviliamunsedurudoyanisldaule

318

233 wavisiiad

=l

a a « 3 . e v o a ar ' =t
wardediad (Latching Relay) [16] viwwhiiduaiadldlunisin-soees el

2

v o w_d o » | ° al ) °
wihduianaunsardoulmla  lagszdeuanusmsinnudeseanvisadignnsyiu
o al 1 -l flll A L. al 1 a ] = A 1
nmsvihnwremihddaazuaniiiniiagvlfemhdudaszhinduganuzifiu Wevgadiy
nszualiilViunase - nanAewihdudasraanuzniminulilasasndudaniundaulan
oA - v - o
AalaiimInsyiuaaialufoulyduunu
a v v - - al o s =
lutiganinudatuilddenlivasdedaduiiaunarnmniloath 2 %M faguN 2.20
o - o - o - =
MNFUT 2.21 uandsdiadasUsenoumeunamniviisnii 2 4 fio 4o AB uaztm BC laaiivn B
3 P <
Juganeuueu 11a0en15in (Set) n1svirussatoulvuin (1) v A uaglwau () v B
v v [ a v o =l
Tunansesiuty deonsien (Reset) dostlaulvuan (+) flvr C uazlwau () 9w B

a
MIURITNN 2.2

= ' [ y =
A15197 2.2 A5Re lEULaTTSIad

Version 2 coil
Coil Terminal Division A B C
Set - - None

Reset None - +
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< a o ¢
JUN 2.20 uaruesiae

= Y] o oo«
JUM 221 Taseaiisveuandesial

2.3.4 la% ACS712
108 Acs712 Wuledianszualniileeldsoadiwuwes (Hall Sensor) [17] @4

pfevannsvesseadewiing MngUn 222 delinszualwiiivaiuvaain aevinlviin

auaimaniuseu 9 aamadundt  wivannih - geadiwuweiaziannauty

.

| g o & o ° v ' 2 '
YpsauInkimaniinedu linsavarvesnszualwihilvariuueain

Voltage Meastirad By Gauss
Metad o Dther Instrument

!\élgigetic B

+
%
¥ M.
4  Magnetic Force
on the Electrons

A/| Primary

Currenit

-l ) ¢ ¢
JUN 2.22 wanmsvuesgeadloninng

auni13u Hall Voltage

Vo =R(; xB) (2.2)

t
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V}, A Hall Voltage e Volts
R #® Hall Effect co-efficient
| fio nszwailvasiiuled wiae Amps
- ) « !14 1 ]
t fie AuNTRILiugUNIRInTIvFegneluled e mm
B A AuvUILUUNANGWImAN Mg Teslas

du v 1 a 44 al d
nszualiihidaldanunsoglaninAussiueising Vour 181 VIOUT dsgun 2.23
ral ' a ‘ 1l Vi ¢ ] ) ¢
Tavanmeitliiinszualvan var1u WS RNAAZBYN f T Fauseduening

@ w o & & al ' ¢ @ -t
wulsiunseunseualwaniiiiufulaeiireglugae 0-VCC Taaddagui 2.24

+5V
1 8
1P+ vCC >
) ¥ out
IP+ VIOUT p—0 New
l 0.1 pF
Ip ACS712 —
3 6
’_E jp— FILTER BT c.
iP- GND! 8 1nF

Ul 2.23 Fodrnssenilinuled Acs712
5.0
4.5
40 I
g 35 VCC:SVI
5 30
:,Q 25 Ta(CCYo ™
0 - ot |
j -~ =20
15 / - 25 [
1.0 ~ S8} |
0 |
20 - m—mgp 0 10 20 30

Ip (A)
a @ W f (3
JU# 2.24 nsmluansanuduiusnsvuauaziondinnvesled ACS712

2.3.5 1a% ADE7763
lo% ADE7763 [18] feguit 225 hiledifimmannsolunisiauazduan
msldndaanu wu Aaslineds wazfddlniisng wwimaildanledadudiinealay

Miz, ol = 5 A o W &
\Wonrerunainaynsu SPI (Serial Peripheral Interface) tieidouserulilaspoulvsaiaes
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RESET 7]
ovoD [z}
AVDD [7]

vip [4]
ViN [5] (18] CLKOUT
V2N | &
var [7
AGND [
REFyyout [3]
DGND [fg]

4814008

31Jﬁ 2.25 % ADE7763 uaswasansidoune

lod ADE7763 ilBuwaiilddmivinsnszualnih (Curent Channel) uaw
Fausasulnih (Voltage Channel) @sduwmvisanstasiifurussiulwihlduniianlaifiu 0.5
VRMS dyayruduwnazidigivenedygin (Amplifier) uazthshuuasdgygiuainaunden
Wuidnea (A to D) LLazL‘Ehfjﬁ'm'sammﬁqa (High Pass Fitter) 1iloadtyey10usUNIUAIS 9
99N uaziilodynaesBuingnes (ntegrator) dnyanazuusaniduassdu 1oy
doiivils ashluguiuessiulaiy wesiulusamedituidilniheds (Active Power)
fmhoduing drfurlusdamesTadudmanmilniieds (Active Enerey) davdyay ot
oy duwthindaufiudisnvesdiidiaeiads (RMS) dewflasiangmiuusiulnih
(VRMS)  uatildifiuassasmesidumdslniiusng  (Apparent Power) fimbedu VA

(Volt-Amp) shathamseldauaunsaneldsgud 2.26

=

TO
CHANNEL 1 GAIN = 8

FREQUENC'
CHANNEL 2 GAIN= 1 COUNTER

PS2501-1

Ui 2.26 fegnssrvldauled ADET763

2.3.6 IR Emitting Diode, IR Receiver
vaamounsusa (IR Emitting Diode) [19] §u TSAL7400 wax@dsudtyan

unssn (R Receiver) [20] Ju TSOP4838 fanandluguil 2.27 uay 2.28 Auddy
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waendursusaldluntsdainisieieddlnienudyagradunsuse Tagluy
U“?tym’lﬁwuémﬁﬁaﬂ‘lﬁwaaﬂ5uvh’1Lsml.'u'u Extra high radiant wag Low forward voltage
Tneslmenindugaanta 940 nm

Ffudygadusise MWdmiviudygaduisisanniluneeulnsa et

v o w o a4 o ) o
doyaniuldluairyaiduaziivasgutoya iatnlulddinisiniasldling

o o) et

31Jﬁ 2.28 dwanunl LaziSudynrudunsisn

2.3.6.1 jUuuvunidetoyavasiinuadunsise
M3suU-detayamodygiudunsian (Infrared: IR) [21] \uABnanite
Tunmsdeansteyaliony mriuivilulunsdefeyavesdunstignogsendin 30-56 kHz lng
Tnsdsdoyaavdeiunveiguil 229 | wassuiuuteyafidsliiuarusenaushedauh

(Header) fiuynteya (Data) e‘fagﬂﬁ 2.30

| Ay unad

A0 RF Nlguay

ANLDTNAILE?
J daludssiafu

d Lo 1 ] L 1 at
31]“ 2.29 MBENNTANTVOYATIUNUN NG
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“Leader code” Tk el
i HE i
| 87.5ms
108 ms * 108 ms >|]

* Address code . Address code Data code * Data code
as 8 bit i 8 bit t & bit 8 bit
T

135ms : 27 ms
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Adan1sldaugunsalluuSyrtinusg

2.1 lulasAaulnsiaas nRF24LE1

Features of the nRF24LE 1 include:

+ Fast 8-bit microcontroller:
» Intel MCS 51 compliant instruction set
» Reduced instruction cycle time, up to 12 times compared to legacy 8051
» 32 bit multiplication — division unit
*  Memory:
» Program memory: 16 kB of Flash memory with security features (up to 1k erase/ write cycles)
» Data memory: 1 kB of on-chip RAM memory
» Non-volatite data memory: 1 kB
» Non-volatiie data memory extended endurance: 512 bytes (up to 20k erase/ write cycles)
« A number of en-chip hardware resources are available through programmable multi-purpose input/
output pins {7-31 pins dependent on package variant):
output pins (/=31 pins gependent on package vanant):
» GPIO
» SPI master
» SPI slave
» 2-Wire master/ slave
» Full duplex serial port
» PWM
» ADC
» Analog comparator
» External interrupts
» Timer inputs
» 32.768 kHz crystal osciliator
» Debug interface
* High performance 2.4 GHz RF-transceiver
» True single chip GFSK transceiver
» Enhanced ShockBurst™ link layer support in HW:
» Packet assembly/disassembly
» Address and CRC computation
» Auto ACK and retransmit
» On the air data rate 250 kbps, 1 Mbps or 2 Mbps
» Digital interface {SPI) speed 0-8 Mbps
» 125 RF channel option, with 79 (2.402 GHz-2.480 GHz) channels within 2. 400 - 2 4835 GHz
» Short switching time enable frequency hopping
» Fully RF compatible with nRF24LXX
» RF compatible with nRF2401A, nRF2402, nRF24E1, nRF24E2 in 250 kbps and 1 Mbps mode
*  A/D converter:
» 6, 8, 10 or 12 bit resolution
» 14 input channels
» Single ended or differential input
» Fuli-scale range set by internal reference, external reference or VDD
» Single step mode with conversion time down to 3 ps
» Continuous mode with 2, 4, 8 or 16 kbps sampling rate
» Low current consumption; only 0.1mA at 2 ksps
» Mode for measuring supply voitage



85

0 R D nRF24LE1 Product Specification
» SEMICONDUCTOR

* Analog comparator:
» Used as wakeup source
» Low current consumption (0.75pA typical)
» Differential or single-ended input
» Single-ended threshold programmable to 25%, 50%, 75% or 100% of VDD or an arbitrary ref-
erence voltage from pin
» 14-channel input multiplexer
» Rail-to-rail input voltage range
» Programmable output polarity
* Encryption/decryption accelerator
» Utilize time and power effective AES firmware
+« Random number generator:
» Non-deterministic architecture based on thermal noise
» No seed value required
» Non-repeating sequence
» Corrector algorithm ensures uniform statistical distribution
» Data rate up to 10 kB per second
» Operational while the processor is in standby
= System reset and power supply monitoring:
» On-chip power-on-and brown-out reset
» Waichdog timer reset
» Reset from pin
» Power-fail comparator with programmable threshold and interrupt to MCU
* On-chip timers:
» Three16-bit timers/counters operating at the system clock (sources from the 16 MHz on-chip
oscillators)
» One 16-bit timer/counter operating at the low frequency clock (32.768 kHz)
*  On-chip oscillators:
» 16 MHz crystal oscillator XOSC16M
» 16 MHz RC-oscillator RCOSC16M
» 32.768 kHz crystal oscillator XOSC32K
» 32,768 kHz RC-oscillator RCOSC32K
» Power management function:
» Low power design supporting fully static stop/ standby
» Programmable MCU clock frequency from 125 kHz to 16 MHz
» On chip voltage regulators supporting low power mode
» Watchdog and wakeup functionality running in fow power mode
+  On chip support for FS2 or nRFprobe ™ HW debug
+ Complete firmware platform available:
» Hardware abstraction layer (HAL) Functions
» Library functions
» Gazell Wireless protocol
» Application examples

-+ |
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32-pin 5x5 QFN-package variant

PO.1 D @ vDD
VDD [D) 3 VSs
DEC2 [D ANT1
P0.2 D QFN32 VDD_PA
PROG D 5x5 RESET
P0.3[D 2| P1.4
VsSs [® Exposed die pad (17| P1 3
BIEVRTEYENETEIT)
<N Or~0 AN
B e dedny
M B M B A

Pin functions

S e
er supply (+1.

vss Power Ground (OV)
DECL Power Power supply outputs for de-coupling purposes
DEC2 (100nF for DEC1, 33nF for DEC2)

P0.0—P3.6|Digital or analog /O General purpose /O pins. Number of /O available
depends on package type.

PROG Digital input Input to enable flash programming
RESET Digital Input Reset for microcontroller, active low
IREF Analog Input Device reference current output. To be connected
to reference resistor on PCB.
VDD PA Power Output Power supply output (+1.8V) for on-chip RF
Power amplifier
ANT1, ANT2 [RF Differential antenna connection (TX and RX)
XCl1l, xc2 |Analog Input Crystal connection for 16M crystal
Exposed die [Power/heat relief For the nRF24LE1 QFN48 7x7mm and QFN32
pad 5x5mm connect the die pad to GND. For

nRF24LE1 QFN24 4=4mm do not connect the die
pad to GND.
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P1.6|p1Di6
piDi S
P1.4[p
P1.3[p1Dh3
P1.2[p1Di2 |[p1Do2 ana
P1.1piDi1  |piDo.i AING [ana
P1.0/p1Di0 piDo 0 AIN 8
T1 i
P0.7|p0Di7__ |p0ODo.7 AIN7 |ana |OG
T0
P0.6/p0DI6__ |p0D06 AING |ana
GPINT1
P0.5|p0DI 5 p0Do 5 AINS Tana
GPINTD |
PO.4|p0Di 4 pODo 4 AIN4 |ana
UART/
RXD
P0.3|p0Di3  |p0Do 3 PWM1 |out 3 |ana
UART/
XD
P0.2|p0Di2 |pODo?2 PWMO_|out |AIN2 |ana
P0.1/p0Di1 |p0Do.T |CLKLF [AINT  |ana
20.0[p0DI0  |pODO0 [CLKLF® ana
ﬁ@d exists, use priorties fo determine 10 allocation
Conflict may exist depending on device configuration_ In the case of a conflict, use pnorities to determine 10 allocation
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9.2 ABUNIADIVUIALAN Raspberry Pi

Name
SoG: Broadcom BCM2835 (CPU, GPU, DSP, SDRAM, and single USB port)
il 700 MHz ARM1176JZF-S core (ARM11 family, ARMv6 instruction
' set)
Broadcom VideaCore IV @ 250 MHz OpenGL ES 2.0 (24 GFLOPS)
GPU: MPEG-2 and VC-1, 1080p30 h.264/MPEG-4 AVC high-profile
~decoder and encoder
Memory 512 MB (shared with GPU)
USB 2.0 ports: 2 (via the built in integrated 3-port USB hub)
A CSlinput connector alloWs for the connection of a RPF
Video input: _
designed camera module
e Composite RCA (PAL and NTSC), HDMI {rev 1.3 & 1.4), raw LCD
ideo
et Panels via DSI 14 HDMI resolutions from 640x350 to 1920x1200
outputs:
¢ plus various PAL and NTSC standards.
Audio 3.5 mm jack, HDMI, and, as of revision 2 boards, 12Saudio (also
outputs: potentially for audio input)
Storage: SD / MMC / SDIO card slot (3.3V card power support only)
Onboard 10/100 Mbps Ethernet (8P8C) USB adapter on the third port of
network: the USB hub
Low-level 8 x GPIO, UART, I2C bus, SPI bus with two chip selects, 12S audio
peripherals: +3.3V, +5V, ground

Power ratings:

700 mA (3.5 W)
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Power source:

5 volt via MicroUSB or GPIO header

Operating
systems:

Arch Linux ARM, Debian GNU/Linux, Gentoo, Fedora,FreeBSD,
NetBSD, Plan 9, Raspbian OS, RISC OS, Slackware Linux
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9.3 la% ACS712

1k

Pin-out Diagram

Approximate Scale 1:1

P+ [1] 8] vee
P+ [2] Z] VIOUT

iP- [3] FILTER

P [4] :| GND

Terminal List Table

Number Name Description
1and 2 IP+ Terminals for current being sampled; fused internally
3and 4 \P- Terminals for current being sampled; fused internally
5 GND Signat ground terminal
6 FILTER Terminal for external capacitor that sets bandwidth
7 VIOUT . | Analog output signat
8 VvCC Device power supply terminal

Absolute Maximum Ratings

Characteristic Symbol Notes Rating Units
Supply Voitage Vee 8 vV
Reverse Supply Voltage Vace -0.1 v
QOutput Voltage Viout 8 v
Reverse Output Voltage Veiout -0.1 v
Qutput Current Source hout(Source) 3 mA
Qutput Current Sink houTisink 10 mA
Overcurrent Transient Tolerance lp 1 pulse, 100 ms 100 A
Nominal Operating Ambient Temperature Yo Range E ~-40 to 85 "~
Maximum Junction Temperature T (max) 165 °c
Storage Temperature Tag -85 10 170 °C
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2.4 la® ADE7763

20] DIN

i9] DOUT
18] SCLK
7] S
ADE7763 %] cLkout
[15] CLKIN
14] IRQ
13] SAG
[12] 2X
11] cF

TOP VIEW

481-A-006

o7 ADE776Wosnnsidoudeldeiuled ADE7763

Table 4. Pin Function Descriptions

Pin No.

Mnemonic

Description

1

2

4,5

6,7

RESET

DvDD

AVDD

VIEVIN

V2N, V2P

AGND

REFw/our

DGND

CF

ZX

SAG

Reset Pin'. A logic low on this pin holds the ADCs and digital circuitry (including the serlal interface) in a
reset condition,

Digital Power Supply. This pin provides the supply voltage for the digital circuitry. Tha supply voltage
should be maintained at 5V + 5% for specified operation. This pin should be decoupled to DGND with a
10 yF capacitor in parallel with a ceramic 100 nF capacitor,

Analog Power Supply. This pin provides the supply voltage for the analog circuitry. The supply should be
maintained at SV £ 5% for specified operation. Minimize power supply ripple and naise at this pin by using
proper decoupling. The typical performance graphs show the power supply rejection performance. This
pin should be decoupled to AGND with a 10 uF capacitor in parallel with a ceramic 100 nF capacitor.
Analog Inputs for Channel 1. This channel is intended for use with a di/dt current transducer, L.e, a
Regowski coll or apother current sensor such as a shunt or current transformer (CT). These inputs are fully
differential voltage inputs with maximum differential input signal levels of +0.5V, #0.25V, and £0.125V,
depending on the full-scale selection—see the Analog Inputs section. Channel 1 alse has a PGA with gain
selections of 1,2, 4, 8, or 16. The maximum signal level at these pins with respect to AGND is +0.5 V. Both
inputs have Internal ESD protection circuitry and can sustain an overvoltage of £6V without risk of
permanent damage.

Analog Inputs for Channel 2. This channel is intended for use with the voltage transducer. These inputs are
fully differential voltage inputs with a maximum differential signal level of +0.5V. Channel 2 also has a PGA
with gain selections of 1, 2, 4, 8, or 16. The maximum signal level at these pins with respect to AGND Is
+0.5 V. Both inputs have internal ESD protection circuitry and can sustain an overvoltage of +6 V without
risk of permanent damage.

Analog Ground Reference. This pin provides the ground reference for the analog circuitry, Le., ADCs and
reference. This pin should be tied to the analeg ground plane or to the quietest ground reference in the
system. Use this qulet ground reference for all analog circuitry, such as antiallasing filters and current and
voltage transducers. To minimize ground nolise around the' ADE7763, connect the qulet ground plane

to the digital ground plane at only one point. It is acceptable to place the entire device on the analog
ground plane.

Access to the On-Chip Voltage Reference. The on-chip reference has a nominal value of 2.4V + 8% and a
typical temperature coefficient of 30 ppm/°C. An external reference source can also be connected at this
pin. In either case, this pin should be decoupled to AGND with a 10 uF capacitor in parallel with a 100nF
ceramic capacitor.

Digital Ground Reference. This pin provides the ground reference for the digital circuitry, e, multiplier,
filters, and digital-to-frequency converter. Because the digital return currents in the ADE7763 are small, it is
acceptable to connect this pin to the analog ground plane of the system. However, high bus capacitance
on the DOUT pin could result in nolsy digital current, which could affect performance.

Calibration Frequency Logic Output. The CF logic output gives active power Information. This output is
intended to be used for operational and calibration purposes. The full-scale output frequency can be
adjusted by writing to the CFDEN and CFNUM registers—see the Energy-to-Frequency Conversion section.
Voltage Waveform (Channel 2) Zero-Crossing Output. This output toggles logic high and logic low at the
zero crossing of the differential signal on Channel 2—see the Zero-Crossing Detection section.

This open-drain logic output goes active low when either no zero crossings are detected or a low voltage
threshold (Channel 2) Is crossed for a specified duration—see the Line Voltage Sag Detection section.
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Interrupt Request Output. This is an active low, open-drain logic output. Maskable interrupts include active
energy register rollover, active energy register at half level, and arrivals of new waveform samples— see the
Interrupts section.

Master Clock for ADCs and Digital Signal Processing. An external clock can be provided at this logic input.
Alternatively, a parallel resonant AT crystal can be connected across CLKIN and CLKOUT to provide a clock
source for the ADE7763. The clock frequency for specified operation is 3.579545 MHz. Ceramic load
capacitors between 22 pF and 33 pF should be used with the gate oscillator circuit. Refer to the crystal
manufacturer’s data sheet for load capacitance requirements.

A crystal can be connected across this pin and CLKIN, as described for Pin 15, to provide a cdlock source for
the ADE7763. The CLKOUT pin can drive one CMOS load when either an external clock is supplied at CLKIN
or a crystal is being used.

Chip Select’. Part of the 4-wire 5P| serial interface. This active low logic input allows the ADE7763 to share
the serial bus with several other devices—see the Serial Interface section.

Serial Clock Input for the Synchronous Serial Interface'. All serial data transfers are synchronized to this
clock—see the Serial Interface section. The SCLK has a Schmitt-trigger input for use with a clock source
that has a slow edge transition time, such as an opto-isolator output.

Data Output for the Serial Interface. Data is shifted out at this pin upon the rising edge of SCLK. This logic
output is normally in a high impedance state, unless it is driving data onto the serial data bus—see the
Serial Interface section.

Data Input for the Serial Interface. Data is shifted in at this pin upon the falling edge of SCLK—see the
Serial Interface section.

! It is recommended 1o drive the RESET, SCLK, and €5 pinswith either a push-pull without an externai series resistor or with an open-collector with a 10 k0 pull-up Pull-

down

are not rec

ded because under some conditions, they may interact with intemal drauitry.
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GaAs/GaAlAs IR Emitting Diode in @ 5 mm (T-1%)

Package

Description

TSAL7400 is a high efficiency infrared emitting diode
in GaAlAs on GaAs technology, molded in clear plastic
packages.

In comparison with the standard GaAs on GaAs
technology these emitters achieve more than 100 %
radiant power improvement at a similar wavelength.
The forward voltages at low current and at high pulse
current roughly correspond to the low values of the
standard technology. Therefore these emitters are
ideally suitable as high performance replacements of
standard emitters.

Features

Extra high radiant power and radiant intensity
High reliability

Low forward voltage

Suitable for high pulse current operation
Standard T-1% (@ 5 mm) package

Angle of half intensity ¢ = +25°

Peak wavelength i, = 940 nm

Good spectral matchina to Si photodetectors

Absolute Maximum Ratings

Tamb = 25°C

“Parameter |- TestConditions Symbol | - Value Unit
Reverse Voltage VR 5 )
Forward Current lg 100 mA
Peak Forward Current t/T = 0.5,1;, =100 us lenm 200 mA
Surge Forward Current t, =100 us lesm 1.5 A
Power Dissipation Py 210 mwW
Junction Temperature T; 100 C
Operating Temperature Range Tamb =55...+100 ‘C
Storage Temperature Range Tstq -55...+100 C
Soldering Temperature t = 5sec, 2 mm from case Tsd 260 ‘C
Thermal Resistance Junction/Ambient Rihja 350 K/w




Basic Characteristics
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Tamb = 25°C
Forward Voltage lg =100 mA, t;, = 20 ms Vg 1.35 1.6 vV
lr=1A, t5=100 us VE 26 3 A
Temp. Coefficient of V¢ |g = 100mA TKyr -1.3 mV/K
Reverse Current V=5V g 10 uA
Junction Capacitance VR=0V,f=1MHZ E=0 Ci 25 pF
Radiant Intensity lg =100 mA, t; = 20 ms lg 25 40 mWisr
IlF=10A.t, =100 pus lg 220 310 mWisr
Radiant Power lg=100mA, t, =20 ms b 35 mw
Temp. Coefficient of ¢, Ig = 20 mA TKge -0.6 %/K
Angle of Half Intensity [ 125 deg
Peak Wavelength lg = 100 mA b 940 nm
Spectral Bandwidth Ig = 100 mA Ak 50 nm
Temp. Coefficient of g Ig = 100 mA TKip 0.2 nm/K
Rise Time Ig = 100 mA t 800 ns
Fall Time Ie = 100 mA i 800 ns
Virtual Source Diameter method: 63% encircled -] 28 mm
energy
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Figure 9. Relative Radiant Power vs. Wavelength

Figure 10. Relative Radiant Intensity vs.
Angular Displacement
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16672

Pinning for TSOP44.., TSOP48..:

¥= QU8 -GN #Ms

Pinning for TSOP22.., TSOP24..:

| FO2=VE) 3 =GhD
ABSOLUTE MAXIMUM RATINGS s
PARAMETER TEST CONDITION SYMBOL VALUE UNIT
Supply voltage ; Vs “0310+6 v
Supply current Is 5 mA
Output voitage Vo -0.31055 v
Voltage at output to supply Vs - Vo -0.310 (Vs + 0.3) Vv
Output current Io 5 mA
Junction temperature Tj/ 100 C
Storage temperature range Tetg -2510 +B5 °‘C
Operating temperature range Tanb =2510 + 85 °C
Powaer consumption Taiuay <86 °C Pior 10 mw
Soldering temperature t< 10 s, 1 mm from case Tod 260 “C

Note

* Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions beyond those indicated in the operational sections of this specification
is not implied. Exposure to absolute maximum rating condtions for extended periods may affect the device reliability.
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