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REMOTED KILOWATT-HOUR METER

Teerawat Thepmanee
Somchai kumnuchit

Assistant Professor Kaset Sirisantisamrit Advisor 1997

In present , the radio wave communication is popular, because of it’s
utility in far communication , safe wire and convenient on operation.

This project presents an application of the radio wave communication
for kilowatt -hour meter. In past, when inspectors wanted to read clectricity power
from kilowatt-hour meter each house, they walked with themself. Now, inspectors can
operate by entry kilowatt-hour meter’s serial number of user through transmitter and
receiver. Data is sent to kilowatt-hour meter through radio wave VHF band. When
kilowatt.-hour meter receives correct serial number ,then controller will be sent
electricity power back to inspectors in the same band. When inspectors keep data
finish, they can connect to computer for calculate, save, and print receipt of electricity
power by software. In case user doesn’t pay money, inspectors can turn on or turn off

kilowatt-hour meter by “Remote Kilowatt-Hour Meter”.
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2.6 HaNNII1NINIUYD32995 FSK

2.6.1 AR MUANYY YU FSK ( FSK Generator )
M muadyann FSK Aifle Aadedayn s FSK ( FSK TRANSMITTER )
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ulaedgyanondn t‘fr’ﬂuaﬁmaua@m‘i?mfuémﬂmssﬂ‘éauuﬂﬁwm FSK Generator 921500
11 “as1iiv’ e BitRate ImboduiindeTurd (bps) drusansidountasves
Aoy QIUATHIBIINAYES FSK Generator (30031 “0A31110A” M50 Baud Rate sfunsda
doyadiumaiia FSK dasiineziiudasideaane

2.6.2 FSK Bandwidth
<2 o s & s =) [ o 4
inﬂzlj 2.10 uaadnia? FSK Nﬂﬂlﬁm’ﬂ? ‘]N‘l‘u"ﬂﬂﬂ'ﬁmtnﬂuﬂvlﬂﬂlﬂunaﬂlalﬂﬂi

fe 1¥mAnA1ses VCO (Voltage Control Oscillator)sziMudsasmsilsuntasiisriige

o s a J é.i 9/ -k ﬂ 13 PPN v o A da o
yosdygruduyazinavuiledeya hhusidnvusily «1” uaz “0” aduiufenfedy

D. e

adivAsuiiuies (Square Wave) amdanonelu 314 2.10 dudygnulutie T, mawd

o/ i $ 1 t v w1 & & . s cg o a4 o
ninvewndudmasyzlia1 MIAUATINTNYeY Bit Rate AMUUMNITMURWIZAWANAND
eetuRsndInudgegavedynyiuaTasaidesnisthuegonuuy FSK oziminy

4 & . A
ATINUIUDT Bit Rate A9

Fomax = ( Bit Rate ) /2
(i Fomax = A1udgegavesdygnatasaneziimivegan
AIDNAN ( Center Frequency = fo ) Y84 VCO 92ag luduMUINa Nz nI 1 Mark

Frequency ( fm ) iU Space Frequency ( fs ) N3 19 2.10

FSK
—————smodulator—» analog output

binary input m (VCO)

To | Tb | To | Tb [ Tb | Tb | Tb | Tb | Tb | Tb | Tb | Tb | Tb | Tb

mput 1y ol 1 lolq]lolol1l1lololol1]o

L 2T A
Y Highest ' |
[ N fundamental !
[ frequenc
=Ab/2 F=Rb/4 quenty

U

output | Fm| Fs [Fm | Fs [Fm| Fs | Fs |Fm Fm | Fs | Fs | Fs

! \ | i : : i

31 2.10 FSK Modulator
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aesn 1 Audunasziounimives veo v fo iy Fs siiuiinsnaou
utlasyesdeya Tuuidnsunann <17 o «<0” wie «0r T« 17 i ldaawd
leWinaves veo ieunsaidisuuylfinsenin Fm fu Fs iifeswinfindraudai Fsk
Yfuflemsueganiuy FM s Axiin1uegion ( Modulate Index = MI ) lu FSK fivin1d

A
910 FM Ao
MI = #F/Fa

e MI=drimsuegian

#F = matfleqiuuvedniwnla q 91naudinats (HY)

Fa = A wdvesdyqnamhuuegion (Hz)

% A

L il
al L b g

[¢—— Deviation ———»]
719 2.11 maibsauam

¥ § 1 5 o < 1 é = J y

a1 Mi hiwen il Idgeqade a1 Mi I lduusudisniisiige FaziRatuide ms
iigauuvesaudgnueganidazavdvesdyguiinueganiiagiga

Tu rsk  weguanet IF Wumsidivauuuvesnnwdgeqa ( Peak  Frequency

4 é A + o/ T . o
aiufignueganudIFealiaumiua AN 19TENIS fo AU Fm 130 Fo

o

Deviation ) 4031
2

o A A L 4 t o :
1 Fs $9AA8 A5IMI909A1IUANAI9TENI19 Fm A Fs Hufe

#F=(Fs-Fm)/2

3 1 J ' as o hrd 1 o
msidisuuunudgegavuegivuing uiesusunigavesdyauiimiuegan
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( fygnuAsasa feanmzmeeinidu « 1 foxliussduonnsmitinefinmanuzds
Fumawdifsauves FSK veqanendvuvunddt nazeglussdumsidsamvesnand
qegaiue Fa funmfvestoynluuiidnduye Fwzhiduiuudin nfiqeide Fa =
Bit Rate /2 i mszsziiuisannsanien M1 1801n
MI=(Fs-Fm)/Fb
e Fs- Fm=fanudiisauugegn
Fb =daninvesluuiiouna
Tumsdedyana FM Taova 4 W aswnhevesiuudinezudsiuasafum M1
Sutwderiu FSK fis M Taesia o T ezdeaiimndingr 1.0 e 1vifu ewiduiuunay
( Narrow band FM )fi1uuu¢‘f’mv“'iuﬂuﬁqm‘§txﬂi1 Minimum Nyquist Bandwidth ( Fn )@29813
Wy nisdedeyauun FSK Snamiinan (fo) = 7kHz Ay (Fs) = 6 kHz ung

] S d i 9
ANINITA (Fm) = 8 ktiz Yoyaluu13dunall Bit Rate = kHz aunson Fo 18ddl

MI = (6 kHz-8kHz)/2 kHz

MI = 1.0
91AM1519  Bassel Function 1y @1519%1 2.5 18 MI =1.0 v'ldununauddng
( Sideband Frequency ) 8901191982 3 A TRsUARLAIMNITHN0INAWDNAN ( fo )

1] é H o/ d'
%290¢ 1 kHz ( H9Af9 fo/2 1lle b Aie Bit Rate =2 kHz ) ansadsudumiaaiuaiud

1adagii 2.12

MI JO I J2 3 J4
0.0 1.00
0.25 0.98 0.12

0.5 0.94 0.24 0.03

1.0 0.77 0.44 0.11 0.02

1.5 0.51 0.56 0.23 0.06 0.01
2.0 0.22 0.58 0.35 0.13 0.03

#1519% 2.5 Bassel Function Table
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fidodanafie MI fiiA1egsznane 0.5 09 1.0 sz IfunuaIndisszanm 2-3

Y04 Bit Rate (OU®

077V

0.44 V 0.44 v
0.11V 011V

0.02V 0.02Vv

40 50 60 70 80 90 100 MHz

<4——  Minimum bandwidth = 60 MHz —»

314 2.12 alaasuauiuesdaeded |

2.6.3 FSK Aupgiaiany (FSK Demodulator )
FSK Demodulator #i8 @ 5udayair FSK ( FSK Receiver ) sziiludaiion

o luunIeensindyann FSK Tasaauinez 192995 PLL ( Phaselock loops ) Ag31f

o

a
2.13

e e e e - o — e e e ——

| dc error Binary

I
Analog | Phase . voltage! data out
FSKin s comparator W ’

U

i
I
!
!
Voltage :
[
I
I

controlled k|
oscillator PLL
. e o o
: Fm : Fs :
analog X , )
input | 1 i
| l {
VY I
Binary | |___ _10v
output -y J'_ !

gﬂﬁ 2.13 PLL - FSK Demodulator
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PLL 1u FSK Demodulator Hwndnmsyiaiumilouny PLL 1u FM Detector %0

v - = d' o A' [ - d’ d'n
9619A8 9TUAIMWANTTUTUMAY Center Frequency ( fo) uaz"luumzwmmﬂau‘vgmm
PLL 1d9u'l-11521999 Fm 1 Fs zvildfifaussdunaramaou 1Wase( DC Error Voltage )
< =t - o o A o
FauffunaunenmsnlSoudiouda ( Phase Compactor ) veadgyaaduns 1iissninaand
- ci v - cid [ e‘/’ 1 v o 1 Q2 aa o
BUNANIYINI PLL UI#e4 2 A100AB Fm U0g Fs AU AMTIAUAINATINIINGY 2 52AY

lJ 3 é " o~ 3 { =
iU SIS ounudieasin « 17 uazasdn « 0~ iWenrmdnmedunaily Fm uag Fs

o 4 9 ar I's Y 9 = ~ Y o v
1R mm"lﬂﬁq;npmtmmgmm PLL ﬂﬁUUTl‘ﬂu‘Uail“ﬂleu'lﬂHUﬂuﬂUﬂﬂ'HU'iﬂ‘ﬂ'(N

ymnlsznis

2.7 Uszianvesflsuaznanmssnnamnssualih

v 9/
Uszinnvesdld lWthawnsaizutseen 1A 4 sziandede luiife
dsziandi 1 dhufiegeisy
anyuzms Igdmivms 19 i luthuisesiegeds Tauas Tuadvessnauia g
a dd w ) A ' A4 a
aneasuusHuNNeYes Tasderuniesiamieliiunseudsn
1.1 d5unams Idwdanu Wi lifu 150 missdedeu
das1s e : Amdeau Wi

5 1128 (Kilowatt Hour) 1150 (M99 1-5) 5uily 496  um

10 miawae'lll (Miavh 6-15) niaeaL 0.7124 1M
10 miawde'ly (miaed 15-25) U290z 0.8993 UM
10 wiawae'll (iaefi 26-35) miteaz 1.1516 UM
65 wiwael) (iaed 36-100) MU0 1.5348 1N
50 viiaese'l (Miaed 101-150) nileaz 1.6282 um
250 nriawae 'l (niiaedl 151-400) midgaz 2.1329 UM

-~ 1 1 i d’ J 1
INUAT 400 MUY (MUIIN 401 ‘U‘lelﬂ) HUYaL 2.4226 UM

a1 lihdge  ideuaz 4.67 um
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1.2 Y53 1 WA udund1 150 milsraineu
sas1sodeu - Awmdsau v
35 miaeae' 1l (Kilowatt Hour) 450 (Wii3ef 1-35) Wuldu 8521 1

115 viiagae I (Mueh 35-150) miagay 1.1236 UM
250 nuiaeas 'l (MueN 151-400) U882 2.1329 U
.Y 1] L} 1 d' J 1]

AU 400 M8 (MR 401 Yuly) Az 2.4226 UM

a1 Ithdge : ifouaz 83.18 um

BN

1. ¥ hiihanduatessamiaeioih vuna s wewd 220 Taaw 1l 2 ww szgnialieg
Tu dszniidi 1 90 1.1 uadinsldwdsnn ldfuiundt 150 mirederdou Aadedu 3
imou ludoudalszsadheglurlszinnd 1 de 1.2 nozdrdimsldmdanu v bifu
150 mizodndeiy 3 Wou ludeudalsaliegludsziandi 1 4o 1.1

2. fFihiidnTesTa vl vuaiiundt 5 uewil 220 Taast 1 a2 w1 szgndaleg

Tudszinni 1 9o 1.2 aaea 1y
3. aoud q 1lumsdsznevemaun aapasuusnaimedesamnsaden 1 IWfwa

isziand 6 18

{ a [
ﬂizlﬂ'ﬂﬁ 2 AvNTTVUIAIAN
a o o

anuauzms 1y dimfumsldduiedsznounisgsie gsnesmiuiege wo ga
® v a a A A a o o 9 A o LY
AMATIVUASHUBNUTFIAIMAD MT00U 7 ARBAIUVTNUNINGIVBIFIUAIINABINTG

Tflundelu 15 undl gega drgad 30 Kilowatt Tasasrumiesianiae lWiluafoudsn

3

das1 AU : At T
35 wiede 11 (Kilowatt Hour) 150 (Myg# 1-35) 1Juku 89.89 um

115 2898 11U (Muwh 35-150) nulwaz 1.1236 UM
250 Mie@e 11 (MUEN 151-400) Muqgaz 2.1329 UM
- ' ' v o4 4 .

{AUNT 400 Mg (M9 401 Aull) NUBAY 2.4226 UM

a1 lifhdge : ideunz 87.85 um

NG
v ¥ ] v
Al Idhlsziand 2 imnluseuideulafinaudesnis Idduadolu 15 ud fig

2 2z v ay ; ; ;
figadaua 30 Kilowatt ¥u'l1) sx§aldeglutlszinnd 3 dsziandt 4 uazlszinnd s
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] I as Vv v d' ) T d'l 9 o o [ ;
udud n3dl uazsesadmieglu dszinndi 2 dndeiliondmdsenisndsidihdsnaiand)

111 30 kilowatt AAABAUUIY 12 1ABY

Uszinndi 3 femsvinanan
dnuauzaridan : dwmsums1¥ Idduiedszneunisgsie gaamassunazmiing

o a a a A a y & a ) P '
\ﬂuﬂl'ﬂ\iiﬁqﬁ']"ﬂﬂ ﬂﬁﬂﬂi}uvinmmnU’J‘U?N“lﬂuﬂ’nmlmﬂﬁ\Mﬁnﬂﬂﬂ’cjﬂ’qﬂu‘m\i 1541

figeqa 30 -1999 Kilowatt uaziiUsunmmis 1 Ivfuate 3 Weu i 355000 wussdeiaou

3.1 9a51Und

8315 191RBY
AMUADINTS
wae i A Wi
vm/nlated VM/MUIY
3.1.1 598U 69 kilovolt Up 175.70 1.0208
3.1.2 159AYU 12-24 kilovolt Up 196.26 1.0582
3.1.3 Us9AUAINTT 12 kilovolt 221.50 1.0862

a1udeen snasau Wi - andesmsnasa i lundazideu Aeaudeanisdenu
T duiTadad mdolu 15 wiiigegeluseudeu imsveed Tadaad it 0.5 ATatad

:1, L} L) s J - as
daua 0.5 nTadaaau iy 1 ATavad

3.2 BRI IMINFINIAIVBIMT 1Y (Time Of Use Ratc : TOU Rate)

NI ITINADY :
ANNUABINT
nasvdh amasa v AT
= a ¢ ] A
v /A Tataa VMM ANAABY
1* I* 2% 3*

o o a’&’
3.2.1 #39AU 115 AlaTyavivull 10280 1.153¢  0.6671  0.6062  400.00

3.2.2 U599Y 69 Alalaad 158.88 1.6292  0.6769  0.6153  400.00
323 Us9Au 12-24 AlaTaan 20093 1.7736  0.6861  0.6236  850.00
3124 usedu@ain 12 nlalaan 21495 1.8891  0.7283  0.6616  850.00

1* Suduns - w1981 09.00 - 22.00 1. (On peek)

2* Juduns - Jwes 1381 22.00 - 09.00 Y. (On peek)
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3* Juemind 1281 00.00 - 24.00 . (On peek)
anudeanswdsa Wi : audesmsndsa Iihlundazideu Aeaudesnisnds
ot lugieiloded mslu 15 wiiiigeiiqaludas Onpeck lusouideuimmyes
ATadaddaide 0.5 Radie uadudu 0.5 Andl 1 mine
ArIWihdga - aIihdirgalundazidou feqlidnd1 70% vesmanufeants nise
I (Demand Charge)‘ﬁijxi‘ﬁqﬂcluiﬂ‘lj 12 @eufinnan ('E?yuqﬂ‘lunﬁauﬂﬂqﬁu)
#1 POWER FACTOR : d 5 ug 14 Iv#diliie1 Power factor (lag) frluseuidouladly v
Hhiinnudeanms Wi Reactive nfolu 15 wifigeqa iedaidlu KVAR iBuniidevas 63
veanmdesmandanu il Active mlugas 15 witgegaifeAnduiTasadudunme
drufifiuvzReafos Power factor 1U8AT1 KVAR % 14.02 umdmsumsionifufus,
Iihluudazideuthumves KvAR #1'hids 0.5 #afa iu e 1
NUYINY
1 {1 uszand 3 fezsaliidheglurlsziandt 3 ¥ 3.1 unzmndinnsldwdeau
flundy 3 Wouiiund 250000 mirsAedeuansafivzdenldsasar Inihsznni 3
fo 3.2 Wiaiimnifalfufaezndy U 98as uan bR
2. dausnisidnsldndean Infhunds 3 Wewiiunit 250000 mirsaeideu exsadhed
Tutlszinndt 3 faada Minszsudon qannw 2540 Taosaegludlsziand 3 4o 3.2
3. fidesnsidwdsanifhmdslugaeam 15 wiifiqegadind: 30 flasadanderudi
nan 12 @eu Tudoudalvzdakhedludszinnd 2 niedszinndi 6 udaudnsdl nazey
Sadhegludsznnd 3 Snifelinamdesniswiven IWihdanandad 30 -1999 ATasad
a. Q¥ Mihfidszasdiez i ifinlsunnit 3 do 32 Aesdndendenimlszasiiums
T unsnasnou
Usziandl 4 femsvuiaing
dnmaznsld : dmdunsiFidfuiedsznougsiv eaamassy dausiwms uaz
wmiwnusgiamie anenmunadiivades Feliaudesnsmdanuiihlusina is
wiigegasmus 2000 ATasnddulyl nieshlSumns 19l unde 3 dou Aundr 355000

' VoA e A w ' A a
HUIGABDIAB U TﬂUﬂﬂ“nulﬂiﬂ‘i’]ﬂ"u']ﬂvlwﬂ“ﬂiamﬁﬂa
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4.1 8951 NFIAINUBIIU (Time Of Day Rate : TOD Rate)

8R513101ADY
AR INae TWih Amdeu Wi
v/ laded VMM
1* 2% 3%
4.1.1UTAU 69 kilovoltUp 22430 29.91 0 1.0208
41245994 12-24 kilovolt Up  285.05 58.88 0 1.0582
4.13 US9RUMNT 12kilovolt 33271 6822 0 1.0862

1* a1 18.30 - 21.30 U. (On peek)

2% 91 08.00 - 18.30 1. (Partial peek) Aasmdaa 1 I 1A 1910929 On peck

3* 1301 21.30 - 08.00 U. (Offpeek) hifiamAmARINMIHAL WTh
anudean1sndenu i : anwdesnisndsnulWihlundosideu Aenrudeeniands
' ihiduiATaded el 15 wdtigeiiqausadsisnaluseuidew imuvesiTasad
$'hida 0.5 Alasaddane Sumu 0.5 Al 1 AlaTad

4.2 9931 INFIAIN1UBINTT ¥ (Time Of Use Rate : TOU Rate)

a5 15 10ABY
A1A2UABINT
wae Il amasa i AMWSNT
= w o ] A
/A Tadaa VMUY UM/IRBY
1* 1* 2* 3%

s a JJ
4.2.1 1599Y 1nsalaTaanvulyd 10280 1.1534 06671  0.6062  400.00

4.2.2 139U 69 nlallan 158.88  1.6292  0.6769  0.6153  400.00
423 U5IAU 12-24 AlaTaav 20093 1.7736  0.6861  0.6236  850.00
424 uswudndt 12 alalaan 21495 1.8891  (.7283  0.6616  850.00

1* Suduns - Swand 181 09.00 - 22.00 U. (On peek)
2* Tuduns - Twas 1981 22.00 - 09.00 U. (On peek)

3* Jueiad 1387 00.00 - 24.00 U. (On peek)
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hiinaudeants Wil Reactive oty 15 wiiigeqa iWeAaiiu KVAR Hunifesas 63

yosnandeemandsan ih Active maslugag 15 wiiqegaidedadiufTatadudaunme

y daufiiuvzdeadusm Power factor 1u8AT1 KVAR g 14.02 umdmiumsGoniituibue
I luusazideuiiuruves KVAR $1hife 0.5 dafie Ay Taidu 1
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; udrozndy T 198as udnlile udiwe liaawdesms Ifundelu 15 wniiqegads
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5. Al hiianudesnsndsnu Iflundogaaalu 15 Wi 2000 ATasadanlyly
woulansedusunans19Tlfiunds 3 Wowundr 355000 mizvdeidou eximtheg
Tudszinnd 4 ludeusialundenndadaninandesinliihaudsnavesiy
(TOD Meter) n3oin3osiantig Ifae9na1wean1s1# (Tou Meter ) minda hi'lg
AnundesiamiseInihdndn ayTaultlgnsaadasian Tufuanluneu
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3.1 lnssanaaynanmsinuvesyasu-ae

3.1.1Tasead wvesyasu-adalsznoudae
1. luTnsneulnsamesnszna MCS-51

2. maudasdaya
IMgFu-ag
4. BUAAINAIVY LCD 2 UTINA 16 A20NHT

(983

ad o
5. AYUITAYUIA 4*4

vvuaadNa LCD

CONTROLLER manlasdyeau IngFudadiv
MCS-51 FSK CIRCUIT VHF 146.07 MHz

KEYBORAD 4*4

< d o
31913.1 uden laszunsuvesyaiu-da
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3.1.2 MANMIRNIUVBIYATL-N
4 . ° 9/ P as 1 [
lulasaeulnsamas ( Microcontroller) ¥ WAIuAUMsTU-de  Tasessy
4 o ¥ Ay v
luTasneuTnsamessnrioyad 14

& ay o o o & Pl
nugavATevesn latadlazgas1daInfsuesa
d Ao
N19@31013

Yianyasau 4 lud deesamanesasynsudiul TX vesluTnsneuTnsaned
Uil iTvun 1 (DATA 8 1@ 1 START U 1 STOP iin) deya

fudadoyn 1200 Oa wie
deeenniev TX widudygrudtasaiuiasgiu RS-232 deas ldsmautlasdyanude

T

maudasduint 2995 FSK Circuit (Frequency Shift Keying yorimihinag
Fynraasreaiiudygnuewden 2 awdreddyamasaeadu » 1 « eldaid
1200 Hz azddygandu > 0 « exlfand 2200 Hz Fandnmsudlasdygimes1dmdn
A15U842995 FSK (Frequency Shift Keying) uazt’hm’hﬁuﬂmﬁﬂgmumamﬁami‘luﬁmaﬁn
di  ddygmewdeninad 1200 Hz sxlidyanaasaeadu « 1« ddya

pudeniiaamd 2200 Hz sz Wdaanuataendiu <o«

Digital input

Analog output

VALY JUUuL

Analog input Digital output

1#13.2 msnJAsun Digital (Y4 Analog g Analog 1Tu Digital
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(Frequency Shift Keying)
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1. dauveunTesnIuny

2. manlasdyau
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4. KILO WATT HOUR METER
5. DIP SWICTH 16 9142U 2 %A

£
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322 wanmsinuvesgai laiadiines
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SENSOR wziflundudaedayqnuiiszaediiu v1 INTo ves EXP6 Fuiluundgyaadumes
FUaninnwuenTaviiiogf o unyumyurtuda SENSOR wevirlddyanaufianisifasu
mdaenin « 1« fu « o« Al lulnsnouTnsamesifanisdumesila Tlsunsufiee
° o 1 d' v ° ° A o
msfuamaq seuiisumpumuli Blumionawdr Swouseviniyldeziflu unir

1l v umapumyuas 300 seudselisuiiiy 1 UNIT #3e 1 kWh

+5V

. = a do 1 o
INANTOUINGI SN >

INTO /
/ _ TIME

A

o o Py do 1 &
3UN3.7 dygrudumeislaein SENSOR



53

mandasdyans  9:14209s FSK eindnmshausuiindusufindnunds
nf‘iaﬁmsdwmﬂmmﬂémxmmgﬂﬁ1?‘1'”\1111mm%’udqmﬁam?ﬂﬁ'ﬂmﬁe‘lﬂﬂ15&3"1&'5@@31&1
amﬁam‘?iqmiaa"fiwwaﬁﬂq%"udu%m 4 (RXA) ¥4 IC1 Tasdl R1 ung R2 Wudauis
usaduite 1 1C1 185 uussdudumniimngay dact swimbiudasdeyaiidudyain
pUBENTITIN T 4 (RXA) Tidudygudtaeasenneu 8 ®RXD) udne'lufsees
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m3eanInminauazyamids ededoyasenlimanesasynsufeyanuaszilsznon’hl
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unil 4

N150BNULVUAZN T3

4.1 M3BRNUVVLBTMTASIIYASY-T

Tulassruniseenuuudigaiu-deezidsznou Tudelu TasneuTnsames
2993 FSKingfeans 1coM TaseriinonziSoavedazdiudail
2.1.1 luTasneuTnsames Fevzfadedy Afuesa unzeeudasna LCDWeTABUNY
uazim Feevhmifinugumshaunsiuds mafudeya3lyluTaseuTnsamed
TuTasenuiios14uedn CP-SB31 veauin ETT duiifnunzvesueiadsil
AnuuzveIusin CP-SB3I
- CPU 8031 (ON BOARD) OR 8032, 8052, 875IMEMORY
- 1 SOCKET 119 28 PIN 2 é3 s lanuiasaus11dgaga 96 KB /0 PORT
- 8X3 bit INPUT/OUTPUT (8255)
- 8X1 bit INPUT/OUTPUT (PORT 1)
-1 SERIAL PORT (RS-232)
-10 VDC POWER SUPPLY JACK
-5VDC (REGULATE) 7805 ON BOARD
AUANHULYBY CP-SB3]
- AW mmiﬂﬁﬂe'a:q"lﬁ'v‘;"«mﬁ, AUMUS HazdnEUTMIRINY  (DATA
MEMORY, CODE MEMORY, CODE & DATA MEMORY)
- awsowannTusunsul@ian i eaunid $2uf1 DEBUGGER OR ET EPROM

EMULATOR ‘13
- gefiu LCD T&ud Taghidesld 10 wesa
-§1 70 nefa vim 8 in 81 4 nesansandamiaonami Ay Cp-sB31
(fiea9n cp-sB31 gradranhithidass lumsidenlimissnawér ldnarovina

¥V N
14 EPROM (0% RAM sauisdumiaieamsavesmizsanmusfldndsamnsoimua'lé
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A A’l’ y -i' LK [ L3 ] ] J
AWABINIT Fevanuaileziiuegiunislddamisyes JUMPER @ q Tigndes &1 U3

& A a o 4
oy U4 'D:Qﬂﬂ?ﬂf]uﬁ’w JUMPER #3318 a21989AA3U

U3 Jp3 denwesvesFumirsarwiiildeguu U3 (2764, 27256, 27512, 6264, 62556)

Tulnseamezldiues 27256

P4 dAmiuidenitezmisenamsii us lUDATA MEMORY n3e CODE
MEMORY Iulnsanisezidenidifiu CODE MEMORY

77 dendumiviuduinzvinaveamionamst us

U4 JPS nﬁ'ﬂﬂma%'vaa%ﬂmhUﬂﬂmiﬁ"lﬂ'agjuu U4 (27256, 6116, 6264, 62256) Tu T34

ueelfiued 6116
IP6 1RenANNUZNTRINIUYEY U4 119z 1Ty DATA MEMORY #58 CODE

MEMORY lulassamez1fiflu DATA MEMORY
JP8 AN MMUATURUUASYUIAYBINUIIA NG U4
1P9 [denitzeygaliiinis 1 1o nein (8255) muusndnanie’hi d1'litlinesa

n1eUBn U4 9zlivU1AgNqa 32 KB

RT ECODE
PORT A = EOEOH
PORT B = EOEIH
PORT C =  E(QE2H

CONTROL PORT = EOE3H

= ‘d' o
saziesainygInl CONNECTOR

cp-sB31 lAgnesmunnnIiifidnuuesaduimesitad e  veswSin ETT Tay
' ' [ A 2 a - o &
mwzudszvenandIun ez lulasenu Filssazidoanstl
- é N s
Exp.2 ilu NPUT/OUTPUT ilunesavuin 8 iin Fzgnasluleesdy
° Y A @ T ¥4 o o ] T o
KEYBOARD yhmihiulu INPUT Susninfduesaunlszuiana dunisvesuian q 49
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EXP2

vee  ——(
P10 ——(
PLA ——(
P2 ——
PI3 —— (O
P4 —(
P15 —Q
P16 —Q
P17

—
L

3191 4.1 AMMUBINIAN 9 Y89 PORT 1

- & L
EXP.4 14 CONNECTOR wi1@ 34 w1 vzgnldifludunmunzidmn & pA0 vzdie
{lu ouTPUT iy naRtNIng NedsdyameearUNIAIUING PBO 1T INPUT

srAndeny COMPUTER wiovh llldnudnyazyives EXP.4 degilii 4.2

EXP4

PA0 ——( 1 O— pa1
PA2 ——( O——  PaA3
PA4 —O O—— pas
PAE  ——( O—— pa7 .
pB0 —(QO O——  pB1
pB2 —(O O—— pPB3
PB4 —QO O—— P8BS
PBE ——( Oo~——  PB7
pco ——~Q O——  PC1
pC2 —( O— PC3
PC4 ——O O—— PC5
PC6 —( O—— PC7
vee ——-0 Oo—— TO
GND ——( Oo—— 71
INTO  ——( O—— INT1

—0 O—— RESET

—..o O—

317 4.2 duniisvives EXP.4
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EXP.5 15y CONNECTOR vu1a 14 91 19deru LCD 1&Taonss fivndegali 4.3

EXP5
D6 —d —y D7
D4 — O— D5
D2 —9 D— D3
DO — O— D1
AO —9 o— g
v —4 D RS

Q ¥ vee

317 4.3 MLV EXP.5

EXP.5 §n EECODE iinesamnoavdail
EOCOH = wesmfisafunmsiousidaluie Lep R3, R'W = 00)
EOCIH = Weing1u BUSY FLAG IRZI8AIAT Y8 CURSOR (RS, R/W = 01)
E0C2H = wosamoudeya'lilis DD RAM 138 CG RAM (RS, R/'W =10)
EOC3H = wofms1udayanin DD RAM n5e CG RAM (RS, R/W = 11)
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4.14 M3IVBAUVUNIT FSK

2995 FSK vziflursesdanvesmantasdyansmasdindsussdudyaaves
mandasdyana TuTassmuezld5y ToM 3105 Tuassraumsueqandygunuudeu
A (FSK) TutuanuiidosTaoii Iassadanuy cMos duFluuuazvy 16 1 7114
&FuaAs gL Bell 202 e CCITT V.23 TuTasemiins 1msg1u Bell 202 Fedayen
avmeaidiu 1 finamd 1200 Hz fuilu o finamd 2200 Hznddyfinasdsn feadt
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Name-Address : MR.SOMCHI KAMNUCHIT 166/1 MOO 3 LADKRABANG BANGKOK 10520 (02) 7390250

Cod Serial No Kine volt new keep last keep day on
ode eral e day mon. year day mon. year 11/112/1997
0238123 38123 10 11 12 1997 11 12 1997 day off
11/12/1997
Electri power Max
new unit Last unit Mul.(x) kilowatt Bath
Electri energy ( House Type)
new unit Last unit Mul. used unit Bath
5 0 5 4.96
cost repair Total vat 10% Tatal money
Bath Bath Bath Bath
0.50 5.46
President recived money .........ocecevevevirnininnene INSPECHON........cccovniinrnrencannd dateftax p
Name-Address : MR.SOMCHi KAMNUCHIT 166/1 MOO 3 LADKRABANG BANGKOK 10520 (02) 7380250
Code Serial No. | Kine voit feviceen \gl, keen day on
day mon. year day mon. year 1111211997
0238123 | 38123 | 10 1 | 12 {1997 | 11 | 12 | 1907 day off
11/112/1997
Electri power Max
new unit Last unit Mul.(x) kilowatt Bath
Electri energy ( House Type)
new unit Last unit Mul. used unit Bath
50 5 45 47.94
cost repair Total vat 10% Tatal money
Bath Bath Bath Bath
479 52.74
President recived money ...........c.ccooeervrcrenne INSPECLON.......ccvveerererreerierannans dateftax p.

3141 5.10 AedluaTeFuly
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5.4 N15USUNASKILOWATT HOUR METER

AounsIoy PLUG POWER weunisaiaideinthildenisszeednmilified
PLUG POWER 9%ila0 LINE 11aze1 NEUTRAL Toe1w LINE @2 PLUG POWER 924
aamnesuen'ly uazezidoy PLUG deuilumamareuiidiuidladiy LiNe §
@ouidhiy LINE veunies uaziffu NEUTRAL fioudhdusNEUTRAL 1 hivinisasas
wadeudssilmidaidonnniniesian’ld

M3 SETUNIT #119¢ 19 lunsdi AARa ATaUSNALNT ARSI BACK UP doyanua)
1. quieiil§ilegtudifined
2. 15u 23350 utlosravit Wi uinvg e sy sb3sH

4
3. wivaviduaesnguie sbuaz 36 Aevmiu mlavaviuguaes:1d

5b=01011011
36 =00110110

1 .’f 0 & d' a’;’ U 1 A' 9
4. aenmiuiwimen 18 T g udu
5. 1d JUMPER €14 DIP SW na SWITCH RESET #'luTasasuInsamesudanin JUMPER

-
~

20f

ittty

5b=01011011,36=001101 10

317 5.11 115 SET UNIT
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715 SET HuNgavIn3ed

1. fIMUA NINBIAVIATB U 38097

2. was Wuevguie v'1804din uais danuduaesnguudunlasiduguaesezld

94 = 10010100
d1 =11010001

3. 11USET ADDRESS 1dds31)

1

94 = 10010100,d1=11010001

31191 5.12.715 SET ADDRESS
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94

[ - [] v
vinTassnuilefudisgs A vaSeansahamifuan dindsuiduluads

Tasnaneuddvuaifiide I wdhmsansuiua IdfuwenSsuidsudsunsiuam

Aoasuiamaswan ldauaised 6.2

A152:91 6.2 naasensasumiiing I waandua i

LAST NEW NUMBER | PRICE CALCULATE PRICE COMPUTER
UNIT UNIT UNIT BATH +VAT 10% | BATH +VAT 10 %

1 00000 {00005 |5 4.96 545 4.96 5.46

2 00005 | 00050 |45 47.94 52.73 47.94 52.74

3 00050 {00100 |50 55.62 61.18 55.61 61.18

4 00100 | 00200 | 100 132.35 145.58 132.35 145.59

5 00200 | 00500 | 300 533.7 587.07 533.7 587.07

6 00500 | 01000 |500 989.245 | 1088.16 989.25 1088.18
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Name-Address : MR.SOMCHI KAMNUCHIT 166/1 MOO 3 LADKRABANG BANGKOK 10520 (02) 7380250

Cod Sevial N Ki volt new keep last keep day on
0. ne
° ena day mon. year day mon. vyear 11/12/1997
2 38123 38123 10 11 12 1997 11 12 | 1997 day off
0 11/12/1997
Electri power Max
new unit Last unit Mul.(x) kilowatt Bath
Electri energy ( House Type)
new unit Last unit Mul. used unit Bath
5 0 5 4,96
cost repair Total vat 10% Tatal money
Bath Bath Bath Bath
0.50 5.46
President recived money ........cccocciieeirerencenee iNSpECto.........ccccoveverernuererennas date/tax p.
o 1 g d o
WJ’E]U’NTUL’diilﬂﬁLﬂUﬂixﬁ’l 1
Name-Address : MR.SOMCHI KAMNUCHIT 166/1 MOO 3 LADKRABANG BANGKOK 10520 (02) 7390250
Code | SerialNo. | Kine | voit {feviesn b kel day on.
day mon. year day mon. year 11/12/1997
0238123 38123 10 1" 12 1897 11 12 1997 day off
11/12/1997
Electri power Max
new unit Last unit Mul.(x) kilowatt Bath
" Electri energy ( House Type)
new unit Last unit Mul. used unit Bath
50 5 45 47.94
cost repair Total vat 10% Tatal money
Bath Bath Bath Bath
i 479 52.74
President recived money ..........ccccoverrernrrennne INSPECEON......ccvieeeeenrerereenns date/tax p

o 1 o 4 o o
ﬁ?ﬂﬂTQiﬁJL@iﬂﬂ"ﬁlﬂUﬂiﬂﬂ 2
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Name-Address : MR.SOMCHI KAMNUCHIT 16611 MOO 3 LADKRABANG BANGKOK 10520 (02) 7380250
. new keep last keep day on
Cod Serial No. | Kin it
ode erat o © ve day mon. vyear day mon. year 11/12/1997
0238123 38123 10 11 12 1997 11 12 1997 day off
111211997
Electri power Max
new unit Last unit Mul.(x) kilowatt Bath
Electri energy ( House Type)
new unit Last unit Mul. used unit Bath
100 50 50 55.61
cost repair Total vat 10% Tatal money
Bath Bath Bath Bath
5.56 61.18
President recived money inspector...........ccocvvuerivininin date/tax p.
o ' < d u’;’ i
dreggluasimsiiuasen 3
Name-Address : MR.SOMCHI KAMNUCHIT 166/1 MOO 3 LADKRABANG BANGKOK 10520 (02) 7390250
Code Serial No. | Kine voit W kegp last keep , day on
day mon. year day mon. year 11/12/1997
| 0238123 | 38123 | 10 11 | 12 {1997 | 11 | 12 | 1907 day off
11/12/1997
Electri power Max
new unit Last unit Mal.(x) kilowatt Bath
Electri energy (House Type)
new unit Last unit Mul. used unit Bath
200 100 100 132.35
cost repair Total vat 10% Tatal money
Bath Bath Bath Bath
13.24 145.69
President recived money INSPector.........ccccoceeerevenrnnnnnd dateftax p

o d d o d
g0 luasamsnuaien 4
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Name-Address : MR.SOMCHI KAMNUCHIT 16671 MOO 3 LADKRABANG BANGKOK 10520 (02) 7390250

Cod Serial N Kine volt new keep last keep day on
© enal . " day mon. year day mon. year 11/112/1997
0238123 | 38123 | 10 1 | 12 1997 | 11 | 12 | 1907 day off
11/12/1997
Electri power Max
new unit Last unit Mul.(x) kilowatt Bath
Electri energy ( House Type)
new unit Last unit Mul. used unit Bath
500 200 300 533.70
cost repair Total vat 10% Tatal money
Bath Bath Bath Bath
63.37 587.07
President recived money inspector..........ccceceecieeveeennn. dateftax p
s 1 =1 1 n’: ~
fet luas ImsnuasIn
Name-Address : MR.SOMCHI KAMNUCHIT 166/1 MOO 3 LADKRABANG BANGKOK 10520 (02) 7390250
Code Serial No. | Kine volt hew iep j2st kocg day on
day mon. year day mon. year 11/12/1997
0238123 | 38123 | 10 1 | 12 |1997 | 11 | 12 | 1907 day off
11/12/1997
Electri power Max
new unit Last unit Mul.(x) kilowatt Bath
Electri energy ( House Type)
new unit Last unit Mul. used unit Bath
1000 500 500 989.25
cost repair Total vat 10% Tatal money
Bath Bath Bath Bath
98.93 1088.18
President recived money .........cccoeceveevrerennenene INSPECO.......cceeereicirccrraninand dateftax p

o 1 ] g o
ﬂ’)’ﬂﬂ’l\ﬂ'ﬂhﬁi IMTLNUATIN 6
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6.3 minaasinIld ACCURACY vaan309in

~ o s 4' 4‘ o o ; 1 Qs [ a' o g
Yasiinvasanuamamisuveuniosiandeau i Yusgiumniuasesimiy
L v [
1W1¥ uazldgnfandaiiugulledazBoaaminasgu IEC dszmsicigyiiqavesns
4’! @ o ¥~ n&
nadeuvednINAaTeURTeviamdnu IMihafensnaneuauaaamdeon
ad v = A Ao &
FimsangniFlumsnaceuanuamandeuiidane Ui
35 141N 19uNA1 ( Stop Watch Method ) 91emas i I niUSuaniueulsy
1] d' a d' L] ﬂl o d' )
rnsesiafiegmeldmsnaeundrsunaiily U lunmsmyuvessunsyusuasus oy
sounfmua’ld
ad ) ) 4 o Y o
TBUIATFIUNIYY ( Rotating Standard Method ) 1nFosianglanisnadeugmlioy
Y v o y & & 4 { ~
deuiumsiandsou Il ueemidadavuldlinoniveassquiiufiey suldidu
wnasgudmiundeanu i lé
i L4 L\ a o é
T51nTeinlszsu ( Master Meter Method ) Tunquuesainiasindaiia)szana 20
A o o AAav A P ) g a1 A 2 4 A M
n704 vilalReItu uaslifida@eiunegnmeldnmsnaneuiiseiioginseailsiidonie 1]
L] H A o as e
nowiumieatlsz i (Master Meter) - #4185 umsnaneuguinyuz13ids Tasns
) 4 [} v ¥
naneunfisumisuiuniessesuiliniesianmie lunquniuifed 1dsunsmamey 1y
nouqfiu
1 4 [
TuTassnuiing 1935 15uriRn 18 unar Tasnsae Tnaannswaiusuud g uin
[ 9 3 =Y d" 97 da o ° o
Tmaseldnawnlalumsnguasy 1 gia e ldnawdinGuiunawesinnivsey
edenamuisi s ldmisauseuiiy 18l maum ACCURACY Wisuifisusiu

$1UIUTOUAM NAME PLATE Y84iiinoy

NON1INARDS
3 [ 4
@9 1¥aaA 100 W 910 138 1 kWh HA UMY 1 UNIT @0y 100 W 9zdesldaainis

MUIIAY 10 ¥.0. Seezdisuviriy 1°UNIT
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AT 199 6.2 HaNISTUTOUYRUATOLIR

Aaf 59UAT Name | souadiitiu'ld
Plate rev/kWh
1. 300 314
2. 1200 1013
ALY % amugnaee = seuiiu'ld/setiam
4 d
13999 1
%AIMYNABY = 314*100% /300
= “!4 qu
i 4
950N 2

% AUYNABI= 1013*100% / 1200
= 84.41 %

wasgruildlummaasy ( Foynnn : gu nquar  AudsidSyna  Wandhuwuninies
ol asTfhuasnarsiadon)
vinwanisnaasnihmlSsudsuiumnasguvesns Idh  dmesfias IWdhiumn
9/
nnudindrdamivszdeniumaren i ldammnasguamdoyavesdnia  msliidhes
¥ H v
Fofiimesn1¥a i Class 2 Emor 2% masnaeusz1¥nisnaceunissisTnandingu
1 ] a A o . s o - o c‘z’ a v
Aundueunaziuseuunyudiseufiiy R eg lunusifd muaiiines @ ntufdiums
& & & P a
nageuFimnageuiusyldnaluan R uaz RL 9nlasscunamsnazeud Ideziinay
Aanmnegerafaninninaned bildmugudunlsaeg wu  usedu  nszua uas
[ é o 4 1
gunsal A 1¥lumsnadey ¥eTagilszasdvesnmnaaoufiioszgi1d 114 Wil 1
] v
dTatadseuvessumpunvyu hhfusisezviniu 300 #39 1200 sou ( udwAVUIAYDY
1 4
fimey ) az SENSOR aasextiu 1@y 300 n3e 1200 sou Uiy duiuranisnadoy
- 1 - & a ': &
e 1T 1Fnsmaneuldldamnasgiuaunis i diimesidesinns Ifiniues
L] as A 1 - - J G’:
Aumsnageunaz ldnasgugads  udvinransnasesfilin AN RRAtITu

aunsefissaIugualsaen ldawms Iihdaunsedfiss{ratigndes1d
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6.4 aplwanazilymninavy

1. MINAABUMITUAY
i 1 3 A &’ : ° o o= o ]
InmMsnansnai Idseiuinieszeemaiinviniusey Il se@nFamnissuds
< 9 Y 1 u’l‘ @ 1 @ 9 o 1 o Y o
aand dadimsivdaiuszannsasvasiuldthanauanaisiez 1gszezmalumssy
v A a 1 o Aaa 24 a 1 o’: [] PR
defamnsofudeduldiafiqge Feaumquesnisiudaluszezmalnaiivlinesdtinniiles
11N
Y o w v A ) ' 4 a '

1.1 dedriamuszozmalumsas ilssnnmisdeteyaruaduinginu VHF
finwd 146.07 MHz S Ififadesidaluduvesssssnwgaganiamnsofudedeyaiu
18 Tasmalaunsofansing 18 hwenvavesszazmsiiansal¥aandedeas 1@iinn
mifussesneanIzdvasauiinduamsaaune U 18 Tao lifidefavanlag n
¥y ) 1 4 )
iy wInszeznamanisullszutm 10- 15 % uensnilssezmelumsdemsisgn

[ E [}
fmuadlsidedavedinfesiudading  Uszinniaedumuins@adsaiseIna A2

L)

¥dadeynveneinia  nazawevesmgdaansnnTesiudaIng liivaseiniedn
3 =lyw ) o o a4 o o 1 2 g4 A a 4 ]
fan adtdaliiledsdrgiineadesiuszozmalunisiude  danfAedaiavindig wu
Q1 nquAnuIeentsge iudu
{ a & & i o {0
1.2 fymifananssuniunngdnsaidu deginssifannsanideyaiisy
9 a a t o/t o A 4’4’ as v - o
WhafansAanmaldun  gulnsaifimsduiianadiudisdieusy aoutiaaes

¥ v v
yaiaes M luaisaunsessuaslitumiosnounames lusal 1.5-2 s

2. A AAIAIATDUYBUATEYIA

o

A o é 1 ﬂ’l’ - o’ 3
91AN1INATEY ACCURACY ¥84 1nfesindenad Ihiuilinesvisasunioanyuuan
anfiuilesnn
2.1 vnarwaana MRnanuudrivduisuniminveuimanvuiusiyudis
a [ o 1 ' v o‘;’ J v o : @ ot
arfuusadu o0 uafisTada idumhniu msriluvanauimnvunuiudadiana
] A‘: Ay 4 o o - a8 [ 4
Fumusegdemazaniufisunnesuramesqud ussdavziia hiflugud anu
A o & o o ' . . o v
antamAsusuilnd 14 TaotSudumisveaunauneaiag (Shading ring) fitauaguunny
T v d a a S 4 s s
VBABIMANYUTY AMTUTUTENUNIUNBANALIID InTednnesuraIAes ( Power Factor

Compensator )
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22 nami37 MlfinTediandsa il fandsau i lulsesfifiTnan
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A o [~ ' o v A & P -
g hifinszuavesInaa Weundussdusdinden) smsunuiisvoziiiowinnisuiis
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MANUIN 1.
FLOW CHART
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FLOWCHART 9v83lisunsuaiy KEYBOARD

START

INTITIAL SERIAL& LCD

R5 = 06H

FUA19INSW.2 (PB.0)

Huduny 2

hufeynns RAM mulu

v



-A2-

soSudioyn9In KEYBOARD

NO

FUNCTION KEY ?

NO

COMMAND KEY

4
uﬂmnmummﬂsa«ﬂupu 16

PA.O =1

DELAY 10 mS




T g~

-A3-

dedoynsonni
SERIAL PORT

PAO=0

NO

YES

Sudeynan
SERIAL PORT

NO
A&
NUWIRVIAIOY
a [
Nl =351
NO

SUMCHECH gndieq

YES

uarasdoyniive
LCD




— o mew

-Ad-

YES
hudeynasme RaMlu
R5 = 06H

CLEAR %0 LCD

NO



-A5-

NO

dd
uaradoyaiuny
9y RAM

SHOW
DATA ERROR

y

DELAY 2 mS

CLEAR %9 LCD
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S T TR e

-A6 -

SHOW
LINK TOPC:

/

seSudoyasin /
- ¢
oINS

ihudoynlu REGISTER A

NO

A = 50H

YES

/ deinnugavioyn

/

sesudeyn9n
nouiInDS

ihudoynlu REGISTER A

NO

A= 50H

YES

degadoyaTalia

- ¢
AIOUNIUADT

)

e
-/

A/
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FLOWCHART vadlilsunsuaiu KILOWATT METER

START )
INTIAL SERIAL

PORT

A
READ 8255/1 /
NO
8255=07 ¢
¥l / 81uA191n 8255/1 /
1ideyn9In RAM nvuen

muas RAM Mol 1IR30 8255 HuasRAMM e 1y

ﬁUiUU‘\IO\N'IHMl{LI

T

imiae e Ramnelu
1109 RAM nwuon

v
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NO

Rl =1 +(1)

YES

2IUANING255/2

§udoyn9INBUFFER 2 BYTE

Hufeyans RAM mvly

a
inudoyans RaMmylu
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NO

SUMCHECK gnfies

CHECK COMMAND

@4 ADDRESS ,COMMAND
8¢ BUFFER

@4 DATA
QAIBUFFER

CLEAR RI
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FLOWCHART vealilsunsudrnae v

START >

KEYBOARD

INTIAL SERIAL
PORT COM2
/ WAIT FOR /

Yes

Yes

Receive data form
Remote kilowatt
meter

Yes

Print paper

Yes

Connect user 1

Connect user 2

e e, ma e = S




-A11 -

No

KEY =X or ESCAP

Yes

Connect user 3

Yes

Connect user 4

Yes

END

Connect user 5
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Receive data form
Remote killowatt
meter

send 50h to Remote
meter

Wait for data
form Remote
kilowatt meter

No

R = Numberical

size of data

calculate size of data
and send 50h to meter

Wait for data
form Remote
Kilowatt meter

No
R =data

Yes

calculate money of
electricity
and save in file

y

Return to A
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Print Paper

No

Wait for
keyboard

Key = ESCAPE

Yes

Yes

Print paper user 1

Yes

Print paper user 2

Yes

Print paper user 3

Yes

Print paper user 4

Returnto A

Print paper user 5

{ipdlighliiiat
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Connect to user 1

A

display menu user 1
page

Wait for
keyboard

Yes

Yes

Print paper user 1

Yes

Save data in disk
AB,CD

Yes

Open fule user 1
list all data in file

No

Key = ESCAPE

Returnto A

Open Help page
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-A15-

Connect to user 2

display menu user 2
page

Wait for
keyboard

Yes

Return to A

(SO S5

Yes

Print paper user 2

Yes

Save data in disk
AB.CD

Yes

Open fule user 2
list all data in file

Open Help page




-

-A16 -

Connect to user 3

display menu user 3
page

Wait for
keyboard

Yes

Yes

|

Print paper user 3

Yes

Save data in disk
AB,CD

Yes

Open fule user 3
list all data in file

No

Key = ESCAPE

Return to A

Open Help page
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Connect to user 4

display menu user 4
page

Wait for
keyboard

Yes

Print paper user 4
-

Yes
Save data in disk
AB,CD
Yes
Open fule user 4
list all data in file
Yes

————e )

Open Help page

No

Key = ESCAPE

Return to A
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Connect to user 5

display menu user 5
page

Wait for
keyboard

Yes

Yes

Print paper user 5

Yes

Save data in disk
AB,C,D

Yes

Open fule user 5
list all datain file

No

‘Key = ESCAPE

Return to A

Open Help page
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DATA SHEET
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-B1 -
Tomid (J90WE, TSM3+05DWL, TCM31054E
TCM3105Jt, TCM31054E, TCM3105NL
FSK MODEM
D2862, NOVEMBER 1985—REVISED DECEMBER 1390
Single-Chip Frequency-Shift-Keying (FSK} J OR N PACKAGE
Modem (TOP VIEW)
glieet's.Bot.h Bell 202 and CCITT V23 Voo [ 1 |\ 16]] 0sc2
pecifications CLK [ 2 15[] osc1
Transmit Modulation at 75, 150, 600, and coT(]3 14{] TXD
1200 Baud RXA [} 4 13{) TXR1
@ Receive Demodulation at 5, 75, 150, 600, T:gc s 12]:::;22
and 1200 Baud RIXB E : :;'} COoL
® Half-Duplex Operation Up to 1200 Baud RXD [} 8 of] Vss
Transmit 'and Receive
L) Full~Durerx Operation Up to 1.200 Baud W PACKAGE
Transmit and 150 Baud Receive (TOP VIEW)
® On-Chip Group Delay Equalization and W)
Transmit/Receive Filtering Voo IE 24{) 0sc2
. / ckfz  =2fosc
® Carrier-Detect-Level Adjustment and Carrier- corlls 22] D
Fail OQutput ne [l ¢ 21 :] NC
Single 5-V Power Supply RXA (] 5 20] TXR1
. NC[}s 19{} NC
- ® Low Power Consumption RS [ 7 18]} NC
® Reliable CMOS Silicon-Gate Technology NC[le 17{] TXR2
RXT (] o 16f] TXA
NCfl10 1s]JNC
RXB[] 11 14[] COL
RXD 12 13f] Vss

NC —No internal connection

D packages are available taped and reeted. Add **R’’ sutfix to devize
type (e.g., TCM31050WLR)

A

‘Z \ Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device
placed in conductive foam during storage or handling to prevent electrostatic damage to the MQCS gates.

description

The TCM3105 15 a single-chip asynchronous Frequency Shift Keying (FSK) voiceband modem that uses
silicon gate CMOS technoiogy to implement a switched capacitor architecture. It is pin selectable (TXR1,
TXR2, and TRS inputs} for a wide range of transmit/receive baud rates and is compatible with the aoplicable
BELL 202 or CCITT V23 standards. Operation is fully reversible, thereby allowing both forward and
backward channels to be used simultaneously.

The transmitter is a programmable frequency synthesizer that provides two output frequencies fon TXA),
representing the ‘marks’ and ‘spaces’ of the digital signal present on the TXD input.

The receive section is responsible for the demodulation of the analog signal appearing at the RXA input
and is based on tne principle of frequency-to-voltage conversion. This section contains a group celay
equaiizer (10 correct phase distortion), automatic gain control, carrier detect leve! adjustment, anc bias
distortion adjusiment, thereby optimizing performance and giving the lowest possible bit error rate,

PRODUCTION DATA documents contain information

. Copyngnt T 1990, Texas instruments iicurdorated
current as of publication dste. Products cdalarm to 1
specifications per ll;l terms of Texss instruments TEXAS
1tandard warranty. Praduction processing daes aot
necessarity include testing of all parameters. INS l RUM EN-TS

a
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TCM3105DWE, TCM31050WL TCM3 1UodE
TCM3105JL, TCM3105NE, TCM3105NL
FSK MODEM

description (continued)

Carrier-detect information is given to the system by means of the carrier-detect circuits, which set a flag
on the CDT output if the level of received in-band energy falls below a value set on the CDL input for
a specified minimum duration.

The TCM3105DWE, TCM3105JE, and TCM3105NE are characterized for operation from —40°C to 85°C.
The TCM3105DWL, TCM3105JL, and TCM3105NL are characterized for operation from 0°C to 70°C.

TERMINAL FUNCTIONS

PIN PIN NO.
NAME oW ToR N DESCRIPTION
CcDL 14 10 Carrisr Detect Level Adjust for external adjustment of carrier detect threshold
CcOT 3 3 Carrier-Detect Output. A low-level output indicates carrier failure
CLK 2 2 Output for a continuous clock signal at 16 times the highest selected (transmit of recewve] bit
rate
4, 6, 8, 10, 15,
NC 6 No internat connection
18, 19, 21
osCh 23 15 Oscillator connections. The crystal {typically 4.4336 MHz) is connected to these pins. If an
0sC2 24 16 external clock is used, OSC2 is left open and the clock is connected to OSC1.
RXA 5 4 Receive Analog Input to which the received line signal must be ac coupled
axs 8 , Receive Bias Adjust for external adjustment of the decision threshold of the final comparator to
minimize bias distortion
axp 12 8 Receiver Digital Qutput for the demodulated received data in positive fogic. The high logic ievel
is a mark and the low logic fevel is a space.
RXT 9 - Receive test access. Output of limiter is available on this pin. (DW only]
TRS -y S Transmit’Receive Standard Select Input, which with TXR1 and TXR2, sets the standard bit
rates and mark/space {requencies
TXA 16 11 Transmit Anatog Output for the modulated signal. which must be ac coupled
Transma Digital input for input data to the transmutter in positive logic. The tugh logic levei is al,
TXD 22 14 mark and the low logic level is a space. The data can be accepted at any speed from zero o
the selected speed and may be totally asynchronous.
TXR1 20 13 Bit Rate Select 1 input, which, alang with TXR2 and TRS, sets the bit rates and mark/space
frequencies
TXR2 17 12 Bit Rate Select 2 input, which, along with TXR1 and TRS, sets the bit rates and mark/space
trequencies
VpDo i 1 3 Posiuve supply voltage
Vsgs 13 | 9 Most negatve supply voltage (normally groundl; connected to substrate
TEXAS "4‘
INSTRUMENTS
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TCM3103DWE, TCM3105DWL TCM3105JE
TCM3105JL: TCM3105NE, TCM3105HL
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functional block diagram
R
TRANSMIT FSK. DIGITAL XMT oW PASS TRANSMIT
DIGITAL  TXD = | HULATOR TO ANALOG FILTER FILTER [ [ XA ANALOG
INPUT CONVERTER QUTPUT
RECEIVE /
BIAS AX8
ADJUST RECEIVE
COMPARATOR p—- RXD DIGITAL
RECEIVE
LOW-PASS FSK ouUTPUT
N R — RECEIVE PARATOR -
ANALOG RXA FiLTER [ “SCEVE e COM TO EMODULATOR
INPUT
AND
GROU?
AUTOMATIC DELAY OFFSET RECEIVE
GAIN Heauauizen COMPEN- - —m — — — — — — — o= = — — — —RXT  TEST
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- ONLY
.
CARRIER CARRIER-
CARRIER-DETECT Dc:TREF::I’TEC?R DETECT CDT DETECT
LEVEL coL DELAY OUTPUT
ADJUST
OSCILLATOR JOSCH 4.4336 MHz
CONNECTIONS g0 | OSCILLATOR
TIMING
BIT RATE JTXRI AND CLK CLOCK
SELECT Yrxa2 CONTROL
TRANSMIT/ TRS
RECEIVE
STANDARD SELECT
timing diagram
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absolute maximum ratings over free-air operating temperature range (unless otherwise noted)

Supply voltage, VpD [see Note 1) ... ... i ~-03Vt 1CV
Input voltage, Vi (any input) . .. ... s -0.31t0 VDD
Operating free-air temperature range: TCM3105DWL, TCM3105JL,

TCMBTOENL & et it ie e ean e -10°C't0 70°C

TCM3105DWE, TCM3105UE, .

TOM310BNE . ..ottt -55°C 10 85°C
Storage tempPerature TANEE . . ..ottt vttt tea s et ie e -55°C 10 150°C
Lead temperature 1,6 mm {1/16 inch) from case for 10 seconds: DW or N package ....... 260°C
Lead temperature 1,6 mm (1/16 inch} from case for 60 seconds: J package ............ 300°C

T ey, W

e it

.y m e

NOTE 1: All voltage values are with respect to Vss.

recommended operating conditions

TCM3105DWE TCM3105DWL

TCM3105JE TCM3108JL UNIT

TCM3105NE TCM3105NL

MIN  NOM  MAX MIN  NOM  'MAX

Supply voltage, Vpp 4 5 5.5 5 . 5.5 \4
High-level input voltage, Vi 2 Voo VDo )
Low-level input voltage, Vi (o] 0.8 0.8 v
Analog input level, peak-to-peak (ac coupled) 0.30 0.78 0.30 0.78 v
Clock frequency, fcigek 4.4334- 4.4336 4.4338[°4.4334 4.4336 4.4338 | MH:z
Analog load impedance at TXA 50 50 kQ
Operatng free-air temperature range, Ta -40 85 (4} 70 °C

TExas "»’)
INSTRUMENTS
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PRINCIPLES OF OPERATION

The TCM3105 FSK modem is made up of four functional circuits. The circuits are the transmitter, the receiver,
a carrier detector, and control and timing (See Figure 1).

BIAS ADJUST RXB

RECEIVER po————— RXD DIGITAL QUTPUT
ANALOG INPUT RXA
CARRIER
DETECTOR coT DETECT QUTPUT
LEVEL ADJUST COL ==
TXR1, TXR2, TRS = TIMING
AND pere——— CLK CLOCK QUTPUT
MASTER CLOCK {INTERNAL} ~————rf CONTROL
DIGITAL INPUT TX0 ——————{ TRANSMITTER p————— TXA ANALOG QUTPUT

FIGURE 1. TCM3105 SYSTEM PARTITIONING

transmitter

‘The transmitter comprises a phase coherent FSK modulator, a transmit filter. and a transmit amplifier.
The modutator is a programmable frequency synthesizer that drives the output frequencies by variable
division of the oscillator frequency {4.4336 MHz). The division ratio is set by the states of the
Transmit/Receive Standard input (TRS), the Bit Rate Select inputs (TXR1 and TXR2), and the Digital Data
input (TXD}.

A switched-capacitor low-pass filter limits the harmonics and noise outside the transmit band and the
characteristics of this filter are set by the freauency select inputs as previously described. The harmonics
introduced by the transmit filter clock are removed by a continuous low-pass filter.

The transmitter output level varies with power supply voltage and so must be compensated in the 2-wire
to 4-wire converter to give a constant output ievel to the line. :

receiver

A continuous low-pass anti-aliasing filter is followed by the receive amplifier, which automaucally conirols
the gain to give a constant output level from the receive filter. The receive filter limits the bandwidth of
the signal presented to the demodulator, reducing out-of-band interference, and has very high rejection
of the transmit channel frequencies. These are typically present at much higher levels than the recaived
signal.

The group delay equalizer is a switched-capacitor network that compensates the delay iniroduced by the
receive filter and the network. The output from the equalizer is then limited to give an FSK medulated
squarewave that is presented to the demodulator.

The demodulator is an edge-triggered multivibrator that triggers off positive and negative going ecges.
The output of the demodulator is, therefore, a stream of consiant-length pulses at a frecuency thas is
double the frequency of the limited input signal. The dc component of this signal is proportional to the
received frequency and is extracted by a switched-capacitor, low-pass, post-demodulator filter.

The variation of dc level with received frequency is presented to a comparator that slices at a level exie ol y
fixed by the RXB bias adjustment pin. This voltage depends on received bit rate and internal offsets. Tne
comparator output is then the received data at the RXD output.

{i’
Texas
INSTRUMENTS
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carrier detect
The carrier detect circuits comprise an energy detector and digital delay. The energy detector compares -
the total signal level at the output of the recgive filter to an externally set threshold level on the CDL input.
The comparator has a 2.5-dB hysteresis and a delay to allow for momentary signal loss and to prevent
oscillation. The output of the detector is available on the COT pin where a high level indicates that a carrier
is present. The data output is clamped to 8 MARK condition when the carrier detect output switches off

at the end of transmission.

control and timing
An on-chip oscillator runs from an external 4.4336-MHz crystat connected between the OSC1 and 0SC2
pins or an external signal driving OSC1. A clock signal equal to 16 times the highest selected bit rate {transmit

or receive} is available on the CLK output.
The single-supply rail means that all analog functions are referenced to an internally generated reference.
All analog inputs and output must be ac coupled.

transmit and receive modes
The various modes of operation of the TCM3105 are given in Table T. The data convention is that a logic
high is a mark and a logic low is a space.

i
EXAS
INSTRUMENTS
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TABLE 1. MODES OF OPERATION

TRANSMIT RECEIVE ik
TRANSMITTED RECEIVED FREQUENCY*'|  FREQUENCY
STANDARD | TRS [ TXR1| TXR2 FREQUENCY
BAUD RATE BAUD RATE ASSIGNMENTS | ASSIGNMENTS (kHzl
{Hz) (Hz}
M 1300 M 1300
L L L 1200 1200 19.11
S 2100 S 2100
M 1300 M
H L L 1200 75 3 390 19.11
S 2100 S 450
M 1300 M 390
H 600 75
t t s 1700 S 450 9.
cenrT M 1300 M 1300
600 600 9.5
v.23 H t ¥ S 1700 s 1700 &
M 390 M 1300
75 1200 19.11
t H * S 450 S 2100
M 390 M 1300
H H 75 600 9.56
~ S 450 S 1700
M 390 M 390
L 7 75 1.1
H . 3 S 450 s aso S
i M 1200 M 1200
CLK 1200 1200 12.11
b 5 % S 2200 S 2200
“leks] ¢ | oW 1200 156 20 TEDR il | il 19.11
h S 2200 s 487 :
Clkrs| L H 1200 5 Vavil I u 19.1%
s 2200 s 0 o
BELL202 | ClK| H L 150 1200 | N 19.11
: ! S 487 S 2200 )
M 387 M 387
c 150 156 .33
n L % H S 487 S 487 2
CLKT| HIi 1 M M
= 5 1200 387 200 19.11
HT| W[ ut s 0 S 2200
7 i T i M 1200
H h of ransmit 1200 ransmit 2 19.11
Disabled Disabled S 2200

T

H = high level, L = low level
Tin these modes, the modulation is controlled by the TRS and TXRZ oins. TXD is ued high.

2-104
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APPLICATION INFORMATION

Vpp. Vss. OR CLK

Voo

11

i

LINE
LINE [SIGNALING TERMI-
NATION
—

2-WIRE
T0
4-WIRE
CONVERTER

o

-

Voo

RXB cDL -
TRS Voo Voo
TXA
TXD <
TCM3105
- T
FSK MODEM YRR
RXD >
RXA
CLK >
TXR1
TXR2
coT

2

Y 4 A&

QSC1 0SC2 Vss

o

MICRO-
PROCESSOR

4

FIGURE 2. TYPICAL SYSTEM CONFIGURATION
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APPLICATION INFORMATION
30 ps‘gk{mﬂ% 30 pf
5V
RECEIVE OosCL 0scC2
DATA —¢——1 RXD R]RXB __%100 kQ
TRANSMIT 1 TXD - __Zl_ 2000
DATA TCM3105 5V ]
VDO‘—_J AMAA——— e
5V TX GAIN ADJ
100 k0 coL
100 k02
-~ TXA
CARRIER i 4 S A .
DETECT 100k ._ilg 300 8

seLgcT J—>—— TXRI
MODE J__p 1 TxR2

(BIT RATE
. AND ELK
STANDARD! Vgs RXA
50k 100 kN2
__L _J- 1 RX GAIN ADJ
3 0.1 uF :
T 250k Q o i uio 100 k0
uic - A
% 100 k2
5V VWA
100 k2
a7xn
Mo 10 uF Ul = LM124

FIGURE 3. TELEPHONE LINE INTERFACE CIRCUIT

j
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FSK MODEM
APPLICATION INFORMATION
20 DF_:—"‘ID}"’—:_ A T
=
0SCt1 0sC2 Z -
TXA 2Z7=600 Q
5V —A— A
100 kn‘%ﬂ— RXB g .
Zr
= v 9
5v DD
100 k2 | coL 2
= TCM3105 @ . 5V
47 k1
RECEIVE DATA —4——| RXD
TRANSMIT DATA —p—i TXD
o1 TXR1
STANDARDAND J__ . | o, o . aTkn 10 uE
BIT RATE |
—»—1 TRS RXA —-{eq u1B
CARRIER DETECT ~——4—] CDT S ’ Ay =
I 100N
100 kR
CLOCK ~—¢— CLK
Vss 2r, 27 -y
_L Gl Ut =%LMI124
FIGURE 4. SIMPLIFIED TELEPHONE LINE INTERFACE CIRCUIT
%
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