=

weauns  Iwdgad sia 51384048

v ¢ 1

WegRtiun femaled ¥ 51384857

g = 4
BT LTINS TUM A
151~fﬁ‘;‘_:f:'{"“.n.z..........,\,‘.b..f.:'.b..tmai“:.....

N T ERRIN TS o | :

155N AU IS fﬁ’zhﬂ,; o W
ﬂ?ﬂgfﬂgﬁwuﬁﬁsﬂuﬁmﬂﬁwmmsﬁnumﬁ’nqmﬂ%tycgﬁmn'ﬁumﬂmﬁ’mcﬁﬂ
a3 Imnssn i el daanssi Wi wezaeniiunes
AN IAINTIHATAS HUTINNDYIADS

YnmsAnun 2554



luSusestSaaniinus

L

Yovadelnsanu  wnsiam IWfluuudidnnseding
ghivlasanu  wnwouva  Indgad THE 51384048
WgAiuT Aefiadad SHA 51384857

d' aw o = o
ﬂTﬁﬂH1Iﬂ'i\1\111—! A3 UAND IUNIUUNT

AU Serangsy v
M8 SeanssulWfhuazpeouiunes
msdanm 2554

= 4 =y o Qi -y =9 o s y [} ]
ANZIFNIIUAIAAT UMIMEABUSAIT oyila il Sganiinuiaiviidudunils

YBIMIANYIMIMANgRI NI suMansiuma mndninnssyliih

[IEFEUINF]

Aaw dao
(M3. GLLUEEERL! WANNNH YY)



¥
2y s

Q@ = od o
Fovdelaseny  wasTam Mduwusidanseilnd
Iaudiulasenu wwduwa  Iwdgaa SHA 51384048
oo ot o < Y
UIWFAUUN NOINAINA THE 51384857

At e o o o o
‘ﬂ']_r‘?ﬂ’t-lﬂﬂiq\ﬂu AT, UHNT IUNIUUNT

I Fenssnlnvh

= = o
MR Sanian Whuazneui neos
= =S
Umsanm 2554

UNAAEID

= = 4 o yc = o w 1
Woaninuiatuiiiiaue Tassnunoatumsaiiamnasiaa IMiula@er Taels
o o s ] ¥
TuTasaou Insamasnruqumsiinuuazuaasna miannuat Iihuamudeulums

saufuvesnis i wasvanwazns dhdaugimadwmiviegderdon 14 v ladu

)
¥

iy [}
150 ngaadoy Tasseuiliidhvunodeswsnnuazanldfuidvieidfhuaz 41§
14
Ioih Tavaaduaoulunmanudeyauazudsoeadisea lWfhwesdun Wil lusmus@saiy
] ¥ k-
Al hansansFua Wi ldsntd ) ldihhdesdszaaoanas luTassmilld
4 o ar P2
Tilsupsuld Ty Tasaeouinsamesaniqumsiiniuusanas aldannsouaasssosnmn g
Tl Arfidaase smdanIvivh nazaq ldvidesdiszeenmarsuaasnanoadd nans
w = ] Y o 1 ' o a o ed 0 9 o w oA af
naaeaf Inaafitlszinnd1eq naasliidunmdidideddida ldda lndfoeduii 18003

[ [ r:i k4 e%’ =2 ar d'l. 9y - T
FITHIN 1J'|¢Iﬁ’JﬂﬂﬂS‘N‘IJ‘NﬁNﬂJT'ﬂﬂ”l’d"w%lu']mﬂﬂ"lii‘]ﬁ’luﬂi\flﬂﬂ‘lﬂ



Project title Electronic Electricity—Cost Meter
Name Mr. Samapol Paisitwalie ID. 513840438

Mr, Thitinan Kohkerdwong ID. 51384857

Project advisor Mr. Niphat Jantharamin, Ph.D.
Major Electrical Engineering
Department Electrical and Compuler Engineering
Academic year 2011

Abstract

This thesis presents a project in which a single—phase electricity—cost meter contrelled by
a microconfroller was developed. Hereby, the electricity—cost calculation was carried out
according 1o the regulations of the Metropolitan Electricity Authority {(MEA) and the Provincial
Electricity Authority (PEA) in Thailand for dwellings in which up to 150 units of electricity are
monthly consumed. The aim of the project is to contribute to comfortable lives for both electricity
suppliers and consumers. The collection procedure of the consumed unit, electricity cost
calculation and bill distribution to the costumers could be easier. Also, the consumer could
always be informed of the consumed electricity units as well as the corresponding cost. In this
project, the microcontroller was programmed to control the meter operalions in such a way that
the values of time duration, real power, energy unit and cost related to the electricity use were
finally shown on an LCD module display. The meter was tested with different types of load and
the experimental results showed that the measured power values were consistent with those
derived from the theoretical calculation. Therefore, the proposed meter could be potentially

further improved so that it would be operated in actual practice.
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2.2.2 maslivhnszuenss

dmfunees Ifhnszuansa (Direct current power) MavIdda IThawisanlden

' = @ P ] ) 9 ar ::?
agued Teviy Tassrunso@eouIveglusdiiuanarenn1daail

P=I'R (2.9)
VI

pP=— (2.10)
R

2NAUNITH (2.8) (2.9) naz(2.10) 32 M Insmansominideifinssuania1ddqe
1] by
ms 1Fueniliiwesuos Tradfiwed dwaniluzlii 2.1 edrelsAmmluniniilassauiis

[-] Qr ar A 1 r=1 ot o
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2.2.3 faslnvhossuaady

n. s ldhlutves
Tunaes IWihnszuaady dwanunssuauazuswuazulsmunai ddide Wi

w1 naunisn 2.8) dudddldhnulserumaidas Sondifias Idd1ludrvme

4 o ° o o o =
(Instantaneous power) 4ilsz Tominnlumsil)lddmuaiidegegannuidvodivan

wieguasal lvih [2] Mas Wi luisasnaasdamunisi 2.11)

p(O)=v(B)xi(t) (2.11)

Myt Wi unde (Average power: P_ ) NnwliiuInaasih1d Taonisduiinsa

aumsmas liihlusvazmeluranalagidimua saadlddeaumsi (2.12)

f

1
P '[p(t)dt
r—t
(2.12)

2 lrI

f~] o ar & o
Hudeandunun (Periodic function) BT DUAAIMES 1HH

windygulanyuz
Tudume laasaunish (2.13)
p(0)=p(t+T) (2.13)
o Qs Q.I lé 1 d‘
fda Tvh ludrvazluniistsaunal (1) laagmldnnaunish 2.14)
+r T
1

— (2.14)

J.p(t)dt

1]

1
P == jp(t)rl(t)=
T : T

Ty e Tnorta Tuleziiludoyaelaywesd (Sinusoidal signal) 19 8 ihuyuivaves
¥

ar o A s 3 or
IR Ung 0' Lﬂuﬂgﬂl?‘lﬂm@@ﬂixuﬂ L‘iJEJuﬂuﬂﬁu‘ﬂ'ﬂmﬂﬂuuﬁ:‘,ﬂimﬁhlmgmﬂﬂmﬂﬂa

W)=V cos(CDt +6’V) (2.15)
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ie)=1_ cos(a)t+t9,.) {2.16)
Tumrnuzegd (Steady state) 92 ldnszua Tl ludvmiy
p(!)szlm cos(a)t+9r)cos(0)t+9f.) (2.17)

o I=t =5 Vo o
LLﬂﬁHﬂWS@]S’IﬂmMW (o ﬂmmemﬂu

1 1
p(!)=—'VmIm 0039[1+0032(M+3“):|+—P;1Im si|195i112(a)t+9v) (2.18}
2 2
Tagh @=0 -0 Goninusiaure

i ' o w o i o T o
Vinaumsh 2.18) wodide i ludwasinnuidlu 2 vihwews Wuuazassie
‘& Qs T o’ i g T o ol 0'} (=] 1 :1'
Faaasaaegnans il 1dasgili 2.2 vinslundagmuvseiids Idihludvmes S
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fde lfhiladanunineanyn wisouimeazavog ludaviiovniuazdudul szyiing

menduAugvInsagnaseen kil
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4. MBI UNRBLASHIFIDUAMMINAL

vinaumsh (2.18) wzldddnTelusvme p () wazdhdduanmlugvas p )

Sudaaumsaelui
P, =V 1I cosQI:l+0052(a)t +9v):| (2.19)

p W)=V I sin93in2(d)t +9‘_) (2.20)

12 l8Mdeesalu 1 Fsmunailudsaumsi 2.21)

T

;
! 1 1
P == f p (Mt =V 1 — cosﬂ[1+u52(uﬂ”—l—9v)]dl =V 1 —(Tcos@)
T T T

0 0

]Jm' - ]/m ]m COsgq

(2.21)

= 91 ol a B | A P A A
VINTUNITIN (221) ﬁ]zvlﬂ?‘]w%uﬂllﬂ']']nﬂlﬂu Z INTUDIA MUY A0 BAURQLY

@l

T e 1 o = A Ay 3 A 1 o o A ar dyo I 3
NN 0 LLT.‘I&.’llﬂ’ﬂﬂ'lﬁ\ﬁl3ﬂlﬂﬁﬂﬂﬂ11]']ﬂﬂ'n1’iiﬂlﬂ'mﬂ 0 1o Glumummmrmum‘lﬂ'lﬂ

s

o = A A 1w @A e o T
1AV UAN TR TDUAUNIND O NUﬂﬂuﬂ']L']Juulﬂtﬂqu’Jﬂuazﬁu

0 =0 (2.22)

av

Qs

9 a oA ] a 1 ) ¥ o
n Qﬁ]ﬁﬁﬂlﬂuﬁﬂl“ﬂu’m% (Watt) mumawuﬂmwﬁﬂmmﬂu’m (VAR) 210erunig

1 (2.19) oz (2.20) 51T AMIANI993 998 A HaTIENNTINIAINMADUAN WG Iga 1A

A umn)
P - P =V I cosq (2.23)
wuhhdssgeganiiiusidens unte
Q- VI sing (2.24)

max moom

V 1 & o o o o @ a
L'i']fTTlJ"I'Sfl'ﬂ'lﬂ’l?)’lﬁlﬂﬂl'ﬂﬁ“l]ﬂ\‘lﬂ']ﬁ\ﬁ]ﬁﬂl.l.ﬂ%ﬂ'lﬂqzﬂuﬂﬂ']wtﬂu

Pmat Vm ]m 9 Vm m 9
P=——= cost/ =——=x——cos
2 2 V2 2
P-V 1 cosq _ (2.25)
Qm:ut .
iag Q0= ——=V I sing {2.26)

s s
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A, Mdailing

o o 9 oQr = A o o =
18913105 (Apparent power) AnvuiavesiduFesdou Fulszooudiesidense uas

fMasauanv uaa luaaaunsh 2.27)
S=P+jQ 2.27)
Taghl s Ao hidalsing (VA)
r-1 o @ =
P A9 M189973 (W)

o fin MAWUANIH (VAR)

uazuiavesiidalsngmldain

|s|=+/P* +0° (2.28)
w d 1 o e

ar ) 3 = P o _
anwduRuisznesdias e 3 nuvawrsadeulugdammaoudids (Power

]
=

triangle) hlﬁ’ﬁdgﬂﬂ 23

Apparent Power
()

Reactive Power

Q)

Real Power

(P)

30N 2.3 annmRouing

1ngh 2.3 9z 1dh
P=|8|cosd (2.29)

uag 0 =|8|sin8 (2.30)

3. ddszneumdwaziilszneudunaw
N P o w o o_ 1 o
yusvda =6 -6, ianudidglunsdudiddid laoalalend (Cosine)

=4 oW o w 1 1 o . ! 1w
YDNYULIYNN dnlszaenidg (Power factor: PF) mum‘lwu (Sine) ¥DIYIH3 an ANl TEnBUY
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ar @ ar

= . 3 3 o Qo v o
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14
ar

WSunafvaventslszdniamlumsiimg I inga 1dviarua'ld 19 se Toand
P
PF=cosf=— (2.31)
S
, Q
RF =sinf =— (2.32)
S

dnlsznoufiaadl 3 nuumusiiaves Inandeth Tnaadludadmnin (Resistive load)
susnawlainfu 0 ilddnlszneudidafiaumif 1 (Unity power factor) 81 Tnaaifluailady
milenih (nductive load) yueiuaan ﬁaé’r’mutuumnizuﬁ%ammmﬁu A1PF 1500 M@2
sznoudidsriladvds i Tnamilusiiadunnilszy (Capacitive load) yudmiluau fio
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daulszneunand 2 drufevaatadu eyt (Fixed coil) 9zlivuialug Tdmau
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Tunis1daiin Ins leun Tuiimes Tadifidee ez devaadaauinagiuhoynsufuy
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2 Y a = of c;’ = I = 1w <] d.y-:
(N BVRIRRIAZDY; V’I’lclﬂlﬂﬂlﬁQ'Uﬂﬂl!ulﬂlﬂ”ﬁﬂﬂﬂ‘lﬂﬂﬁﬂ'lnLmuu1Wﬂ1L‘ﬂunu N HYUVBIVUBINATIN

]
=

wasnunazaylugnuuivan () [2] amaunsn (2.33)

]
WemLi +Li +Mii (2.33)
206 PP e p

Tavh L L oA uMTIoNIE 109 (Self inductance) ¥99UAAIA C UAZ P ATUEIAY
i Aonszuan laruanaia C uay P anuaiai

M ARANUMTINITINTEHINUARIS C Az P

@ t:!ye Y o =Y ar & ~ = < N
Wa0\11uﬂ'$ﬁﬂuﬂ1iﬂlﬂﬂll‘iﬂﬂﬂiu‘]ﬂ‘ﬂmx (Tg) Lﬂﬂﬂuﬂﬂﬂﬂqﬂﬂﬁﬂ'luwuuﬂf?ﬂ'l N

AUMT
ow OM
Ty ~J=Eh, — (2.34)
o6 e
N\ {7 17 oM 1’
wldussiamandy 7 =— Tydt =——— |i.i dt (2.35)
an < p
= GQTO

Tuvasivamantounsen lifvegnam InoussonaalSeniugudsauns
T =K6 (2.36)

ilodiyngailevz 189 T=T (2.37)

T 1M1 11
- e J.icl.pd = Ilcfpdt (238)
K KoOT K T

4 a4 - a o o de oM
Tﬂfﬁ'l K ﬂ'ﬂﬂ‘lﬂaﬂﬂﬂQﬁﬂiq e K! ﬂﬂﬂ’]ﬂﬁﬂ‘uﬂqu']ﬂi?ﬂﬁ\')ﬂ%uﬂ]aﬂ —
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2.3.2 wasTamnhalviih

1103 3am M0 T (Wathour meter) N3 ettaadusiiamieni1 (Induction) a7y

sznoudagili 2.7 [2)

" i .
YABIANTIA 0 grnzoaiuin
UMY
! v A
ghwdeutoa
) D
vaamudipy { ™ AN
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ADEITUL L S g \@-_mwﬁﬂﬁﬂau
L2 “
YARIANT LN Bu3
)
s [2hL

»
JIMATBY

510 2.7 daudsznovvetas Tanmuae llihinszuaadustiamiioniy (2]

vngilii 2.7 dedn Tnaadunas Sai Idifanszua 7, Tna uazgruiaiunssua 1,
weg I n3zid 1, THad1uuaalnusaiu (Potential coil) teadmdaasiduag 90” Halifa
ﬂﬁﬂ“f (Flux) ¢'P ‘ﬁ’u ARSI 1. 2 [nauanadnnszue {Current coil) ﬁﬂﬁﬁﬂﬂﬁ)ﬂq‘; ¢C
dwmfuddng g, ﬁﬂﬁﬂﬂﬁﬂﬂ%’)u‘ﬂmSﬂ%‘l&jdﬁﬂﬁhﬂﬁﬂﬂﬂi{ﬂ D flfiAaussdumisni
(Eddy e.m.f) nazuialnann (Eddy curent: 7)) agddnddiunuaumyuaiuiidy dlvi
Snauanizud na 2 daufe Wdnddaudivig (¢) flgisndunszuealvam Eady

current: 7_ ) Rignimilemhundnddauiaes (4,) uazdndduiiaes (¢,) dnl§sedu

] ]
=i =1

© ar ¢ =] N o oW ) 9
nsgua lvaau (4, ) ignindenhinndangdauusn (¢) Wukainawssiady T, 2 814A90
Y g w o
A v(1) =¥ sinwr waz (1) =17, sin(@r-9) Anin
@ i o ) =
a. Wand (¢) MRenanszua Tnan lnadmaaatanszoe Saunsih

b.=k-1

2

: sin(a)t"é?):n;ﬁmc sin(wr—6) (2.39)

@ d {a ] o
v, Wind (g, ) inannnizud Inoa lnadnuaataussduficuniniy

¢, = K jv(t)dl
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vV o
¢P:k’ — cos(a)f)=¢mpsin(wt—90 ) (2.40)
» .

id((ﬁC) k k’ ﬁ ' ﬁ
kEoodt

Tagit  v(/)=

usasulvadu e fmilenhlavdndg (4 ) man

d
e, C— (¢c) =—k*1 @ cos{ @t) (2.41)
dt

nszud lvaa 7 dalunumyuonineninavesnssud Tuarvaaianssud wivin

7 1 o
i o —k(i)°a)'cos(a)r-9~a’) = k(—i)'a)-sin[a)i—(ﬁ—a+90 ):| (2.42)
z z

1 = o 9 =
Taoh 7 fie BuRuaus (Impedance) TuomsfinnnszuaTnacu

A 1 w a —] 0
afe yudaszraeusidunaznszualvaiu o a=@n (X/R)=0 fia

szanaguimswannumiionilunumyuiindesinnienld x=o

AUBURIRU IBABINITMINTIAULAEATEUTMUON (¢, UDY 1, ) H1910

dl¢p V
e, OC~ (¢r) ==k | 2~ |wsin{ax) (2.43)
dt w
! Vm ! V;u
i oc—k'| = |sin{@i—a) =#"| = |sin[@r+(180- )] (2.44)
Z z
i ]
Aetiunsaiingwmy (Instantaneous torque) DHLAUZIEILTAT U Tagasafy
7
(¢p i, =@, 'fp)z — W1, {[cos(a)t)cos(a)tHB—af)]
z
—[sin(ﬂ)t—@)sin(a)t—a)]} (2.45)

| v el a ar P
lTavh ¢ Ae Wéndfiianinsaniausedy uaz ¢ Ao Wandndannvaaianseus
-1 s A o a a o w
1 #is pszuamiionhlunmyuianannmsnssiwesdindnnuaaiaus iy

2 o 4 o ar o
IE ﬁﬂ ﬂsxllﬁlﬂuﬂ']u'lﬁluﬂ']uHuucﬂﬁlﬂﬂﬁnﬂﬂ.liﬂi3“1%60ﬂﬂﬂ°ﬂﬂ1ﬂmﬂﬂaﬂﬂ53uﬁ
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o 1
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(Phasor diagram) hlg]’ﬁﬂgﬂﬁ 2.8
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51/ 2.8 usunmilmseSvasuasian Indh

]
=y

o i o e al 1 w o
Wind ¢ MifavnnvansnszuaiimanssfudunszuelvoriuTnan wosddnd ¢,

- w oA A = o ¥ e a A ¥ o °
HAINYAEIANG 1A Faliarnnumilenhigaund s s b i dowmduiiugm oo

FMTUNTI AR AUANT SAUULHUI U INTON IR

ki

1
T:f(m'e) 7\ \ ijm - [008(9+a)+c05(9Ha)]
Z 2
T ey O VIcosO =P (2.46)

PR & ] s oA 5/ ar o =
nngU 2.7 Wenknauezgiiiion D nyuawdasuia (N) sxbanszualuan (i)
& A ar @ w o ] o P’ 1 o P A & o b
sluﬁ]—luc]fﬁ!ﬂﬂﬂ-lﬂﬂ_liﬂﬂﬂuwﬁﬂcﬁmﬂ\'}uﬂﬂﬂﬁﬂn'ljiﬂ'5ﬂl!nlﬁﬁﬂlﬂiﬂﬂﬂ]ﬂ'\ﬂﬁﬂ (¢b) ﬁN‘Yl‘Ial‘H

WanssdiaminnToussawan oz ldh 7 oc v

P ] i Y [ ar [T = o
wﬁmwmiﬂyummuwumuﬂaﬁ %"lmmmwmmuu.swmmﬂ uuﬁﬂ i’:], OC]L
b4

ar =] 3 T o
ity anusesnumyuiiazay B inmmaums ¥ -I-cos@ o€ ¥ $1mamsouveants

wyuiezay Baglismuaums
J.V']'coslg'dt oC .[N'dr

3914 IV T cos@-dt OC Energy consumed (2.45)
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35[] == RB2
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220-230 VAC

Electomic Electricity-Cost Meter
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2 2.45 227.9 21.1994 21.27 0.3330
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#define 16F877
#ifdef 16F877
#include <16F877.h>

#device PASS_STRINGS=IN_RAM

#fuses XT

ftfuses NOWDT
#fuses NOPROTECT
#fuses BROWNOUT

#fuses NOLVP

#byte indf=0
#byte tmr0=1
#byte status=3
#oyte fer=4

#byte porta=>5
#byte portb=46
#byte  pclath = 0x0a

fibyte  intcon= Ox0b

#use  delay{clock=4000000)

Hendif
#luse  fast_io(A)

fhuse  fast_io(B)

ftdefine TRISA Ob11110000
f#define TRISB 0b0O0001000

fidefine bit short
#define word intl6

char stmpf32];
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Tilsunsnlszuana

# gpuTdsunsy ccs C compiler version 4.0
b4
773l

/! Eun Header file

/1 1331% wateh dog timer

# litleatulysunsw

/1 14113752931 Brown—out

7 i Tilsunsafiaus adusi

a ] Y o A 9
# Snvuam s e esate A ldau

& = Ao & w a el
/ kﬁﬂﬂﬂ?‘luﬂﬂ]ﬂ\ivlﬂﬁﬁﬂ'lluﬂ YU UINNIN

7 1%
) 4 ad a g
i WiwesnA duwesn Suna Loz 1ving

g/ 3 d - 4
/7 1¥wedn B dluneda Suna uazieing

2 o A e
/0 ADIDINYIG LAS 1 ADDUNA

2 ar d rd ar
# e uaonys



float  signed waits;

float  watts_max = 9999;
float  watts min=0;
float  watts;

float  kwh=0;

float cost=0;

float ft=0;
mt minute=0;
int hours=0;

int hours2=0;

int second=0;

byte save w;

#locate save w=0x70

#reserve 0x70, 0xf0, 0x170, 0x110

byte save status;

#locate save status=0x71
fireserve 0x71, Oxf1, 0x171, Ox1fl
byte save fsry

#locate save fsr=0x72

#reserve Ox72, 0xf2, 0x172, 0x1£2

byte save_pclath;

#locate save pclath=0x73
fireserve 0x73, 0xf3, 0x173, Ox1£3

signed int32 rd;

#locate rd=0x22

#boyte  rd1=0x22
#byte  rd2=0x23
ttbyte  rd3=0x24
fibyte  rdd=0x25
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/1 dalsomaiiiaann ADE
# USRI
/ Smuaaideiige
ar o » o w A 3 et
# AulspunmaanouaavoLea®a
s =1 1 1
7 danlsnuaimue T
# Faalsifusalddh
i1 funlsifud F,
ar o P=1
# Aalsinuar (nd)
LY o Y o
/7 AanalsNuamandy (1-99 47 Tua)
o o ar P
/ dmalanunamani oo (100-900 42 1u4)
or o =Y ~
# fantlsinunal Guah)
ar [~ =y o 1 = do o
# aalsifusdaaes W nsuaumoiina
/7 Ananaguei s save_w
# AriaNegd 130909 115 save w
1 faalsifsdames STATUS flau
=y dar o
// DUNBITNA

U ar

/f Auvilanedunadmals STATUS

o

y dumisfingdsasoiauls STATUS

/ SanlsimsTaans SFR noudumasiing
/1 duvlshioguaadanals save for
Jrfumisiegdsesunsdaunls save for

7 funlsfutmaasiny Interrupt program
{/ counter

/1 fulafioguoadauds save pelath
 funlefiogd1s0avoeianys save pelath
# fmuasanlafumihdwuudaisy

#9710 ADE
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#boyte  1d5=0x26

byte  store2; 1 fwlsiuaniudnomde nseaugl
#locate store2=0x27 # dumsiafioguesdauns store2

byte  sec flag; i Sunlsuaasandioduaa’ld 1 5u
#locate sec flag=0x28 i ﬁmmiaﬁagimmﬁmﬂa sec_flag

byte  scc_enf; i Falsrfuseunmiddygamiin
#locate sec_cnt=0x29 i fwmiiafioguosdannls se_ent

#include "LCD_Driver16x4.c" i ennemsdau Tsunsumiuguesien

1/ %8 16 ¥DI x 4 1A
I/ BovaoTlaiFudenans
void Power _or Cost Display(byte prefix nbr, float nbr, byte decimal points, byte suffix_nbr,
byte x, byte y); / Aansudesuaasidarsonaa Wi
void UnitDisplay(byte prefix_nbr, float nbr, byte decimal_points, byte suffix nbr,byte x, byte y);
y Nadutoiansaiiwvidh
void TimeDisplay(); / P Futoaaaana
# W FudoniEundaony snieean
byte CopyEEPROMString(byte msg_nbr, byte offset);
void PrintString(byte linel, byte line2); /R Fudouansdasnys
i Naddudondengs
void SendCommand(bit s16bit, byte reg, word data);
void Cost_Calculation(); 7 andudosdiuaua Tndh
/e AL
#irom 0x2100 = {0x00, 0x00, 0x00, 0x00, 0xc2, 0x00, 0x63, O0x5a}
#define MSG_START 8

#rom 0x2108 = {" ","W" "kWh" "Baht"} / HIMUARIBNYIAMHUIOA199)
#INT_GLOBAL # Hargudumes nd Inaven
void MyGlobal() 4 WanFudumes nd lnavea
{

#asm i 3ulalsunsuneasid

[~ 1 = o1 | A A du o
A 1INUANIVTLADTE N NOUINADUINDT TN
movwf save w

swapf status,w



movwf save status

clef
bef
movf
nop
nop
addlw
movwf
movf
movwf

movf

status

intcon,2

tmr0,w

0x8
tmr(}

fsr,w

save fsr

pelath,w

movwf save pclath

clrf

pelath

#endasm

sec_cntt++]

if(sec_cnt ==251)

{
sec_cnt=0Q;
sec_flag=1;
ffasm
movlw  0x03
movwf rd5 ;qh;iJ rd5 = 0x03
movlw  0x08
movwf store2
bef portb,1
NXT_BT:
bef porta,3
rif rd5,f
btfsc status,0
bsf porta,3
bsf portb,2
bef portb,2
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#auTalsunsuueasund
AR IEGN I (L TIATRVE (o

// 251 591 = 1 TUIR

/Ay 251 sounaa ldEuisluten o
/i sec_flag = 1 uaraeinivna 14 1 3uifiudn

/5y alsunsueayua

; AHUANTHUSIUIN 8 T
. IFONADYT Cs Y99 ADE

; U 8 5911 1UN15A21I9N ADE



decfsz  store2,f
goto NXT BT
moviw 40
movwf store2

NXT_RD:
bsf portb,2
bef portb,2
bef status,0
btfsc porta,4 |
bsf status,0
rlf rd1,f
rif rd2,f
rif rd3,f
rf rd4,f
rlf rd5,f
decfsz  store2,f
goto NXT RD
bsf portb,1
#endasm

}

Hasm

movf  save pclath, w

movwf pclath

movf  save fsr, w

movwf  fsr

swapf  save status,w

movwf  status

swapf  save w,f

swapf  save w,w

reifie
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s svdeyansy 40 Taud nnyadeudou)
; CS U904 ADE

s aulalsunsunedsuua

-Gulilsunsuueasuud GonansSames

1 1 A a Fo LM A a
; INIUINADUINDITWAAUNIAN

o dor o
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}

#endasm

void main()} # Talsunsuvan

{

byte i;

set_tris_a(TRISA);
set_tris_b(TRISB);
port_b_pullups(0);

output b{1);

delay ms(200);

led init();

led_gotoxy(1,1);

led putc(" Electronic");.

led gotoxy(1,2);
led_putc("Electricity—Cost™);
led_gotoxy(1,3);

led putc("  Meter™),

delay ms(1000);

led clear();

printf{led_putc,” Make By"});
led gotoxy(1,2);

led putc("SAMAPOL 51384048");
led gotoxy(1,3);
led_putc("THITINANS1384857");
delay ms{(2000);

led_clear();

led gotoxy(1,1);
led_pute("Time:");
led_gotoxy(1,2);

led pute("Power:");

led gotoxy(1,3);

led pute("Unit:");

# v lilsunsutesauua

A v o
[ HDURDWDITR A
A 1 o
HHUADNDTA B

/1 ieudemsyaon

/ uane%e Ing a9
J uanade Insaau

J uaaa¥e lnsaau

i wasa¥egAiiulns sy

# weraaFadaniiv Tns e

/AR Time:
// Wil Power:

/1 194 Unit:
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led_gotoxy(1,4);
led pute("Cost:"); /f LA Cost:

// 14910 EEPROM
for(i=0; i< CONFIG_DATA_SIZE ; i++)
*(CONFIG_DATA_START + i) =read_eeprom(i);
SendCommand(0, 0x8a, 0b01010000);  // ARABATIVYY
SendCommand(1, (x86, 0x0004);

/1 14 Prescaller 16 1

setnp timer O(RTCC INTERNAL | RTCC DIV 16);

enable_interrupts(INT_TIMERO); / Eoudeumas AR5 NaT 0
enable_interrupts(GLOBAL); 1 Bondesumednd Inatiea
while (irue) # W Tlsunswihnuaasanm
{
if(sec_flag) i dletfunanTy 1 Sundl
{
sec_flag = false;
second+; A
TimeDisplay(); RGN RN

signed_watts = (float)rd /(float)505143.9846;

if(bit_test(rds, 7)) # §7814038A5U 40 1IN0 ADE
{

// UAINTAID3
watts = signed_watts; *1.001395237;

/1 emua e Wi
kwh:kwh+watts{3600000;

/1 waaaniaw T
UnitDisplay(0,kwh,0,2,6,3);
if{watts > watts_max) watts_max = watts;
if(watts < watts_min) watts_min = watts;
led gotoxy(10,2);

led pute(” ");



/1 UARIMAIRI95 9
Power_or Cost Display(0,watts,0,1,6,2);

/1 fasan 1
Cost_Calculation();

/7 weraes TWih

Power_or Cost Display(0,co0st,0,3,6,4);

}
else
watts = 0;
}
}
}
void SendByte(byte data) i W\?ﬁ‘i?ufjﬂﬂﬂl’\‘l%ﬂylﬂ
{
byte i;
for(i=0;1<8;i++)
{
output_bit(PIN_ A3, bit_test(data, 7));
output_high(PIN B2);
data <<= 1;
output_low(PIN_B2);
}
}

i1 MarfFuvosdsdd
void SendCommand(bit s16bit, byte reg, word data)
{
output_low(PIN_B1),
SendByte(reg);
if(s16bit) SendByte(data >> 8);
SendByte(data);

output_high(PIN_B1),
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dor 1 = ¥ 1 Ao
/ Wx‘iﬂ%uﬂﬂﬂliﬂﬂﬂu’)ﬂ@ﬂﬂ‘]ﬂﬂ']ﬂuﬂ

byte CopyEEPROMString(byte msg_nbr, byte offset)

{
byte i;
for(i=MSG_START ; msg_nbr !=0 ; i++) if{lread_eeprom(i) == 0} msg_nbr—;
for( ; read_eeprom(i) != 0; i++) stmp[offset++] = read eeprom(i);
stmploffset] = 0;
return offset;
}
void PrintString(byte linel, byte line2) i Wﬁﬁ‘ﬁ'udﬂﬂllﬁﬂQHﬁ?ﬂﬁiTQﬂ
{
byte 1;
led gotoxy(linel,line2);
for(i= 0 ; stmp(i] != 0; i++) lcd_putc{stmp[i]);
}

;1 Mafdudosumasnimiiao i

void UnitDisplay(byte prefix nbr, float nbr, byte decimal_points, byte suffix_nbr, byte x, byte y}
{

byle j;

§ = CopyEEPROMString(prefix_nbr, 0);

sprintf{&stmp[j], "%.4f", nbr);

while(stmp(j] != 0} j++;

ifldecimal_points == 0) j—;

j = CopyEEPROMString(suffix_nbr, j — decimal_points);

PrintString(x,y);

i1 RasFudosuaasmdasauiazar Tridh
void Power_or_Cost_Display(byte prefix_nbr, float nbr, byte decitnal points, byie suffix_nbr,
byte x, byte y)
{
byte j;



j = CopyEEPROMString(prefix_nbr, 0);
sprintf{&stmpij], "%.3f", nbr);
while(stmpl[}] != 0} j-++;
if(decimal_points == 0) j—;

j = CopyEEPROMString(suffix_nbr, j — decimal_points);

PrintString(x,y);
}
void TimeDisplay() / HarFudosaaial
{
if(second==60)
{
second=0;
minutet++;

if{minute==60)

{
minute=0;
hourst+;
iflhours==100)
¢
hours=0;
hours2++;
lIed gotoxy(6,1);
printf{led_pute,"%01i" hours2);
ifthours2>9)
{
hours2=0;
led gotoxy(6,1);
led pute(" ");
}
}
3



}

led_gotoxy(7,1);

printf{led pute,"%02ih%02im%02is" hours,minute,second);

void Cost_Calculation() # HadFudoadamm T

{

if{kwh<=0.00000)

{
cost=0;
)
else
¢
if (kwh>0.00000)
{
cost=1.07*(1.8632*kwh + ft*kwh) + 8.19;
¥
else if{lkwh>15)
{
cost=1.07%(27.948 + (2.5206*(kwh-15}) + ft*kwh) + 8.19;
}
else iflkwh>25)
{
cost=1.07%(52.794 + {2.7549*(kwh 25)) + ft*kwh) + 8.19;
}
else if(kwh>35)
{
cost=1.07*(80.523 + (3.1381*(kwh-35)) + fi*kwh) + 8.19;
}
else if(kwh>100)
{
cost=1.07*(284.4995 + (3.2315*(kwh-100)) + fi*kwh) + 8.19;
}

else if{kwh>150)

- 71



{
cost=1.07*(446.0745 + (3.7362*(kwh—100)) + fi*kwh) + 8.19;
}
else if{kwh>400)
{

cost=1.07*(1380.1245 + (3.9361*(kwh-400)) + fi*kwh) + 8.19;
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Tilsunsuniuguesnananateadn

#idefine LCD_RS PIN_A?2

#define LCD_EN PIN A0

#define led line two 0x40

void led send_nibble(byte n)

{

}

output_b(n| 1);

delay cycles(1);
output_high(LCD_EN);
delay us(2);

output low(LCD EN);

delay us(2);

void led_send_byte(short RegSel, byte n)

{

}

{

output_bit{LCD RS, RegSel);
delay_cycles(1);

led send nibble(n & 0x10);
lcd_send nibble(n << 4);
delay us(40);

output_low(LCD_RS})

void led clear()

led_send_byte(0, 0b00000001);
delay ms(2);
Icd_send byte{0,0x80);

/1 T A2 970N Reset YpaL0ATA

#1 141 AD 9709391 Enable Y0087

& ar [} A
i ‘WQﬂ‘]fuﬂ'lﬂﬂilﬂ'l‘ﬂ’l'lﬁ']u'i]ElLlElﬂ“]iﬂ

/1 Masdudadoyn

& ar o A
// WanFUaUHIN OO AT



void led_init()

{

}

BYTE
output_low(LCD_EN);
output_low(LCD RS);
delay ms(2);
for(i=1;i<=3;++i)
{
led_send nibble(3<<4),
delay ms(5);
}
led_send_nibble(2<<4);
led clear();
led_send byte(0, 0b00101100);
led send byte(0, 0b001 61 100);
led send_byte(0, 0b00001100);
led _send_byte(0, 0b00000110);
led clear();

void led_gotoxy( BYTE x, BYTE y)

{

BYTE address;
switch(y)
{

case 1 : address=0x80;break;
case 2 : address=0xc0;break;
case 3 ; address=0x90;break;

case 4 : address=0xd0;break;

address+=x—1;

Ied_send_byte(0,address);

o A T A
i Wﬁﬂ‘ﬁulﬂiﬂﬂﬂf)ﬂﬂuﬂﬁ“ﬁﬂ

o w ] AA
i Wﬂﬂ‘h’ulﬁﬂ DHFDILASLLIVDIVOLLBDAHA
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PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

+ PIC16F873
* PIC16FB74

» PIC16F876
* PICi6FBI7

Mlcrocontrollaer Core Features:

* High performance RISC CPU
* Cnly 35 single word inslructions lo learn

« All single cycle instructions except for program
brartches which are two cycle

Oparating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

+ Uplo 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 byles of Dala Memory (RAM)
Up to 256 x 6 bytes of EEPROM Data Memory

+ Pinout compatlible to the PIC16CT3B/TARITET
* Interrupt capability (up 1o 14 sources)

Eight level deep hardware stack

Direc!, indirecl and relative addressing modes

= Power-on Resat (FOR)

Power-up Timer (FWRT}and
Oscillator Start-up Timer (OST})

+ Watchdog Timer (WDT} with ils own on-chip RC
oscillator for roliable oparation

+ Programmable code proteclion
* Power saving SLEEP mode
» Selectable oscillator options

» Low power, high speed CMOS FLASH/EEPROM
technology

* Fully static design

¢ In-Circuil Serial Programming™ {I{CSP} via two
pins

= Single 5V In-Circuil Serial Programming capabllity

+ In-Cirguit Debugging via two pins

+ Processor read/wrile access lo program memory

+ Wide oparaling voltage range: 2.0V lo 5.5V

+ High SInk/Source Current: 25 mA

» Commarcial, Industrial and Extended temperature
ranges

+ Low-powsr consumption:
- < 0.8 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagram
PDIP
MCLRAvee —= [ 4 U 40 [J =—= RBI/PGD
AAANO a—-[1 2 39 [} ~—= RBAPGC
RAVANT =——-[] 23 38| ] +—» RBS
RAZIANZIVREF- a—m [ 4 37 [J - RB4
RAVANSAREF+ «—a-[} 5 35 [ =—» RBIPGM
RANTOCK! =—e ] 6 35 [ =— RBZ
RASIANASSE 4[] 7 34 (] -—e go4
REGRIVANS =—»=[]8 33 [] =—= RBOANT
REVWRANE +—-] g 32 []=+— voo
REZESANT -—[] 10 31 [J - Vss
Voo —- [ 30 ] 4~~~ RD7/PEP?

Vse ] 12
OSCHCLKIN ———te [ 12
QSCUCLKOUT w——{] 14

[] ~—= RDBPSPE
[ =—= RDSIPSPS
27 [] +—= RDAPSP4

N
-

PIC16F877/874

RCOTIOSOMMCKl m—[] 15 26 [] =—a RCTLRNDT
RCUTIOSUCCP? «—w[] 15 25 [] +—» RCBITUCK
ROZCCP1 w—wm[] 47 24 [] «+—= RCHSDO
RCYSCKSCL =[] 18 23 [] =—e ACHSDISOA
RDOPSPO «—»[] 18 22 [] -+—» ROAPSFA
RDIPSPY w—=[] 20 21 [] +— RD2PSPZ

Peripheral Features:

+ Timer0: 8-bit imericounter with 8-t prescaler

+ Timer1: 16-bil timerfcountst with prescaler,
can ba incremented during SLEEP via external
crystalfclock

+ Timer2: 8-bit limer/counter with 8-bll period
register, prescaler and posiscaler

« Two Caplure, Coinpare, PWM modules

- Capture Is 16-bit, max. resolution is 12.5 ns

- Compare Is 16-bit, max. resolution is 200 ns

- PWM max. rasolution is 10-bit

10-bit mulli-channal Analog-lo-Digital converler

» Synchronous Serfal Port (SSP) with SPI™ (Master

mods) and 12C™ (Master/Slave)

Universal Synchronous Asynchronous Receiver

Transmitler (USART/SCI) with 9-bit address

detection

Parallel Slave Port (PSP) 8-bits wide, with

exiernal RD, WR and GS controls (40/44-pin only}

* Brown-out detection circuitry for
Brown-out Resst (BOR)

€ 2001 Microchip Technology Inc.

DS30292C-page 1
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ADE7753

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

RESET [1]
ovDp [7]
AvDD [3]

wip [1]
vin 3] ADE7783

van 4]
P [
AGND E
REFganur 3]
DGR [i]

s
Figure 5. Pin ConBauration (S$OP Packoge)

Table 4. Pln Functlon Descriptlons

Pin No.

Mnemonic

Description

2

4,5

6,7

RESET'

DVDD

VIRVIN

V2N, V2P

AGND

REFnuout

DGND

CF

Reser Pin {or tha ADE7753. A logic low on \his pin holds the ADCs and digital clrcuitry (Including the serfal
Interface] in a reset condition.

Digital Power Supply. This pln provides the supply voltage for the digital ¢Ircuitry In the ADE?753. The
supply voltage should be malntatned at 5 ¥ x 5% for specified operation, This pin should be decoupled to
DGHD with a 10 pF capacitor in paraliel with a ceramic 100 nF capacitor.

Analog Power Supply. This pin provides the supply voltage for the analog dircuitry in the ADE?753, The
supply should be maintalned at 5V 5% for specified operation. Every effort should be made to minimize
paoweer supply ripple and nolse at this pin by the use of proper decoupling. The typlcal performance graphs
show the power supply rejection perfermance, This pin should be decoupled to AGND with a 10 yF
capacitor In paraliel wilh a ceramic 100 nF capacitor.

Analog inputs for Channel 1. This ¢channel Is intended for use with a di/dt current transducer such as a
Rogowski coil er another current sensor such as a shunt or current triansformer (CT). These Inputs are fully
differentlat voltage inputs with maximum differential input signal levels of 0.5V, 025, and £0.125V,
depending on the full-scale selection—see the Analeg Inputs sectlon. Channel 1 also has a PGA with gain
selectlons of 1, 2, 4, 8, or 16. The maximum signal level at these plns with respect to AGND Is £0,5 V. Both
Inputs have Internal ESD protection clrcultry, and, in addition, an overvoltage of £6 V can be sustalned on
these Inputs without risk of permanent damage.

Analog Inputs for Channel 2. This channel Is Intended for use with the voltage tansducer. These Inputs are
fulty differential voltage Inputs with a maximem differentlal signal leve! of £0.5 V. Channel 2 also has a PGA
with gain selections of 1, 2, 4, 8, or 16. The maximum signal leve) at these pins with respect to AGND Is
0.5 V. Both Inputs have Internal ESD protection circultry, and an avervoltage of £6 V can be sustained on
these Inputs without risk of permanent damage.

Analog Ground Reference. This pin provides the ground reference for the analog circultry In the ADE7753,
Le, ADCs and reference, This pin should be tled to the analog ground plane or 1he quietest ground
reference in the system. This quiet ground reference should be used for all anafog circuitry, for example,
anti-aliaslng filters, current and voltage transducers, etc. To keep ground nolse around the ADE7753 to 3
minimum, the quiet ground plane should connecied to the digital ground plane at only one point. is
acceplable vo place the entire device on the analog ground plane.

Access ta the On-Chip Veltage Reference. The on-chip reference has a nominal value of 24V 8% and a
typlcal temperaluie coelfickent of 30 ppm/C. An external reference source can also be connected at this
pin.tn elther case, this pln should be decoupled to AGND with a 1 pF ceramic capacitor.

Digltal Ground Reference. This pin provides the ground reference for the dightal circuitry In the ADE7753,
i.e, multiplier, filters, and digital-to-frequency converter. Because the digital return currents in the ADE7753
are small, it Is accepiable ta connect this pin to the analog ground plane of the system, However, high bus
capacitance on the DOUT pin could result In noisy digltal current, which could affect performance.
Calibration Frequency Loglc Output. The CF logic output gives active power Information. This output s
intended to be used for operational and callbration purposes. The full-scale cutput frequency can be
adjusted by writing to the CFOEN and CFNUM registers—see the Enetgy-to-Frequency Conversion section.
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ADE7733

Pin No. Mnemonlc Description

12 X Yoltage Waveform (Channel 2) Zero-Crassing Output This output toggles logic high and logic low at the
zero crossing of the differentlal signal on Channel 2—see the Zero-Crossing Detection section,

13 SAG This open-drain loglc outpul 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 Uine Voltage Sag Detection section.

14 RG Interrupt Request Qutput. This is an sctive low open-drain logic output. Maskable Interrupts Include active

energy register rollover, actlve energy register at halflevel, and arrlvals of new waveform samples—see the
ADE?753 Interrupis seclion.

15 CLKIN Master Clock for ADCs and Digital Signal Processing. An external clock can be provided at this logic input.
Alternatively, a parallel tesonant AT crystal can be connected across CLKIN and CLKQUT to provide a clock
source for the ADE7753.The clock frequency for specified operation is 3.579545 MHz, Ceramic load
capacitors of between 22 pF and 33 pF should be used with the gate escillator circult. Refer to the crystal
rnanufacturer’s data sheet for load capacltance requirements,

16 CcLKOUT A crystal can be connected across this pin and CLKIN as described for Pin 15 to provide a ctock source for
the ADE7753, The CLKOUT pln can drive one CMOS Joad when elther an external clock Is supplied at CLRIN
or a crystal is being used.

17 [3 Chip Sedect, Part of the 4-wire 5P) serial Interface. This active low loglc input allows the ADE?753 to share
the serial bus with severa other devices—-see the ADE7753 Serial Interface section.
18 SCLK Serfal Clock Input for the Synchronous Serial Interface. All seria) data transfers are synchronized to this

clock—see the ADE7753 Serial Interface section, The SCLX has a Schmitt-trigger input for use with a clock
source that has a slow edge transitlon time, for example, opto-isolator output.

19 DouT Data Output for the Seral Interface, Data Is shifted oul at this pln on the Hslng edge of SCLK, This fogle
output Is normally in a high Impedance state unless it is driving data onto the serfal data bus—see the
ADE7753 Senlal Interface section.

20 DIN Data Input for the Serlal Interface, Data is shifted In at this pin on the falling edge of SCLK—sea the
ADE7753 Serlal Interface section.

'His recommended to drive the RESET, SCLK, and €5 plns with either a push-pult without an external serdes reskstor of with an open-collectes with 10 kQ pul-up
reslstor, Pull-down resistors are not recommended because under some conditions, they may Interact with inlernal circuitry.
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