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FREQUENCY HOPPING SPREAD SPECTRUM
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ENERGY METER COMPATIBLE WITH AN RF AUTOMATIC METER READING SYSTEM.
THESIS ADVISOR : ASST.PROF.WANCHALERM PORA, Ph.D., 98 pp. ISBN 974-17-7090-1

This thesis presents a design of a 3-phase energy meter with programmable rated
current and voltage. The current and voltage ratings can be either 100A, 50A or 25A, and
220V, 110V or 63.5V respectively. The meter complies with ANSI C12.20-1998 class 0.2
accuracy, is controlled by the MSP430F448 microcontroller from Texas Instrument. The 3-
phase Energy Meter IC ADE7758 by Analog Device is employed to digitize voltages and
current, calculate energy and other useful data. The meter is compatible with an RF
automatic meter reading system. To test transmission, a hand-held device and RF module
are implemented. The RF Transceiver IC CC1021 by Chipcon is the main component of the
module in data communication. Protocol on data link layer utilizes Frequency Hopping
Spread Spectrum (FHSS) in a 402-430 MHz range. Application layer protocol employs a
modified ANSI C12:18-1996 Standard. The data security is enhanced. Transmission range is
up to 50-metres at 28.8 kbps data rate. All need data are kept in a Compact Flash module

which can be easily transferred for further utilizations.
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Level 1 Basic Objective

Initialize Ty ADE7758 Gl LCD Control User Interface SPI EEPROM
Clock Controlling
Level 2 Main Functions
| Update RTC | | Setup Configure | | State Routing | | Update Display | | Display switch | | Write profile data
| Check Tariff | | Calculate Energy | Transmit/receive Change Display Debounce switch
with RF module mode

| Store Data | |Protocol Service|

Level 3 Detailed Functions
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Basic Timer Interrupt
Every 1 sec

Save Demand to
EEPROM

v

Save Date-Month
Hour-Min

!

TailPtr += 4

v

Clear
Demand

Buffer is Full ?

YES

Buffer is
Empty ?

YES

HeadPtr = TailPtr HeadPtr = 0

c S|

End Demand
time check
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- Demand W{luFquwlsawim 32 0 MamiuiunneAtAndaanisnasnunidnlusey 15

Timer A
Interrupt

A

Get X\WATTHR

| Add DisplayEnergy[phase][Tariff] |

v

| Add TotalEnergy[phase][Tariff] |

Add Demand

>
All 3 phase
Complete
YES
Return Interrupt
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Show Other data

Send Register
Address to
ADE7758

v

Get Data
(Irms, Vrms , Hz )

'

Calculate Data

!

Change data on
LCD panel
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VAP, ¥BP, OR YCP

FULL-SCALE
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SAGCYC[T0] = 0w
& HALF CYCLES

EAT EVENT RESET LOW 1
WHEN VOLTAGE CHANNEL
EXCEEDS SAGLVLITH

SAG INTERRUPT FLAG
[SAGA. SAGB. SAGE )
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NMI Interrupt
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Return Interrupt
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Build RX Frame

Buf Index =
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RX Interrupt
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AppResponse
Check Packet
Request

Send
“isss” packet

match with

“snp” packet

Send
“isc” packet

Send
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Generate response and Do requested
Send “ok” packet service
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End
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| RF AMR Device Controller |

Level 1 Basic Objective

Initialization Protoc_ol UAR.T 1 Fr_equency CC1021 CompactFlash User Interface
Controlling Communication Hopping Scheme Interface
Level 2 Main Functions
| State Routing | | UART to Meter | Master / Slave Setup configure Read/Write Select & Enter
I Operation sector button
Protocol service Monitor data | Synchronization | | Calculate CRC | | Create Binary file | | LCD Control |
From PC
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Listen Beacon Send / Receive
Packet

Change
frequency

Level 3 Detailed Functions
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Set Power Down
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Timer B Interrupt
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Timer B Interrupt
Every 110 ms

Length > 2
& data[2] =
BEACON

Yes

Check MSB
of CTRL

No

e

Broadcast

Receive Packet

Listen Beacon

Singlecast
6 sec

y

| Call Protocal | | Call Protocal |

A

 / Send Own ID

Send Response

A J

| Send Response

A

(Slave Start Up) | Reset Timer |

A

Change
Frequency
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STOP

No more ID

No Collision

Check ID
of RF
module

Wait ID
response

Send
Broadcast
request

Collision
detected

ID found

Not ‘ok’

Identificati
on
Service

Logon
Service

correct
Ver,Rev

Not ‘ok’

Security ‘ok’ ( Write Data )

Service

‘ok’ ( Read Data )

ok’
(READ DATA & DEMAND)

ok’
(READ DATA ONLY)

Terminate
Service
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Clear cycle
& Timeout var

Assemble & Send
Request packet
Set & Start Timer
(Check Timeout)

»

(Resend packet ) Wait and check
and cycle++ Response packet

Rsp Timeout,
Invalid packet
v
Return 0
NO ERROR
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Packet ?
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UART1_Rx ISR

Case Num
2 3 4 5 6 7 8
Y A Y v Y Y Y
Store Store Store Store Store Store Store Sec
Year Month Date Day Hour Min & Num =0
\i Y | )\ . A \J \J
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Y a o b4
Juannmun g
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6.23 nmInpdeuIrezlfiRAnIs
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nsegeuszesUfiRn1sTesssLLd A NnasieaauIngtiu lAsasin1maseuiAing
¥ ' o dl a ;dn‘ a ' e A a I 3 U
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Qneied uazANIIAIUINUAN RSSI (Received Signal Strength Indicator) inafuaadginsniiudedeya

Tnanflunszauniasnniaiuamnsnduldes lunziu feugaslumngai 6.1

FN9197 6.1 szazalfiiEn1suazAl RSSI inndadnuaansing 4 fiu

Power (dBm) Range (LNF9) RSSI value (dBm)
8 (Max) 60 -103
5 52 -100
0 41 -98
-5 32 -104
-10 28 -106
-15 22 -102
-20 16 -104
-28 (Min) 7 -103
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fienfngering 1 MbiannsnaapziuszazljiRnisluaniunisaising o 16 aanAtuammien Link
Budget L'ﬁlfa%ﬁ’]u’mi:ﬂ:ﬂﬁuﬁmﬂuﬁlﬁmmwﬁm 7 TnaannislunisAtuanimie Link  Budget
BEIATIT ] anansovnldannaunst 6.2

Link Budget = Power TX + Link Gain — Sensitivity RX - Link Margin ANMIT 6.2

- Power _TX fAa massinuaan aasginsnisadedaya

- Link Gain A Anagnaindsesginsnifiaiuuassags

- Sensitivity_RX A Avannxloaasgnsnifaiudeys

- Link Margin e Arsideiigauidellussndnegiinsalfiuusziduiiasanianaind vide

ANTNUINABNFN ]

v

N1594A1H Link Budget #13130AWan1A317 7 IAASH

- 1 Link Budget #anflu 120 dB agldszaiznielunisdedoyauilu 2000 wms A
433 MHz

- f1 Link Budget HANLAN 6 dB Fr8IZNINALAN DL 2 i

- 1 Link Budget 1ANaAa4 6 dB 5282N199zanas 2 Wi

aal

- danudnldniinauindala e Link Budget dAwindn szazniglunisdedioyaas
AAAN 2 LN
1 o o v 1 o a o Y dl

NANNTNARALANNIAIAIUEEN AZAIAINIIALEAITIEazIRen Wit ed 6.2.1 LAY 6.2.2 Ay
16191 Link Budget #Aniszanngs 100 dB (1dAne Link Margin) T9a11snAIM8aMszesnegegn b 125
WAT WASIENN17HN Link Margin 8nAafag tnanisaanauluszuun lininiseenuuuaziinann ansoue
29914191NA (Antenna Solution) waznassldfimasiuilugilassalunnsfudenauing Tnaanszaznig
PlAlunamaseuAIIAIRIREaNAIAATIA WaIsaLsTNIneT Link Margin Tadnfawszanm 10 -
15 dB

Tunisszuuguendime fuuudn luds i 1t enad@ananaenssing ) agsendnesindimes

el A AQI a I 1 o Y G A =3 th [~ AQI

wazginsnilene  AaNA919s9e 7 19azetlugtiuuaeiiaied paunan wisawan deaziduniaiig
A1224 Link Margin WUz U LAriAsesinnsaae ufiaan1sanAnIatfiuesniss AN 9 N19an

o

AfAsfiueaniasifluaiouiuniaiindd Link Margin - 2asszunligeiuiiameiudannganesing o

TRaNANBULNNTAANAUIBNATY Y IUANNATDUAA TR AIANE197 6.2 [28] | M lTianunsnAaAziussey

UfjiAnaslamngenarannes luaniunianiti |
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13199 6.2 ANHANTUSIzMI9g L assAvin A NN Ty IUARAS

ﬁqﬁmmqqqm@qmﬁuﬁwq NNIAANBUIBIATY YN Faaging
(RF Barrier) (Relative degree of Attenuation)
18 (Wood) A Lefarudniingny
a0 A i aifarudnnens

(Synthetic Material)

w3 e (Asbestos) BN WAL
nszan (Glass) B PUNFNG
v (Water) 1 unang 2,
gian
83 (Bricks) Uaunang nunaayg
uae (Marble) 1runang Anwnane lurinu
n3zA (Paper) Xt} aunszae
ABUNTA (Concrete) 1IN NLAZRUT Y
nIEANUNITqY 11N AinsANlaensie

(Bullet-proof glass)

o

wian (Metal) NNgA Fowmdn, amannieny,

PRUNIALATHINGN, FLUAN

[InuanIMAgeUszazl AN IMsEAUAIAIUeans -] Asuanslunaned 6.2 inlinsuis
wua iy lunrsih i ldsase Weseslldiuiimesiieg lunliamisndndelfuazidsnineanesing o eg
sendneginsnienuandimesuazsadnes 1w uindmaseslugmandidinisannaunasdyainiman

Pgaszariatsnlfinnislienangsendns 7 - 16 wng s

6.3 NN ﬂﬂ’ﬂﬂﬂ’l‘a‘ﬂl"\uﬁh@’]ﬂﬁLﬁ’ﬂ%

1
waa o v °

NNINAFDUNIINNNUTBITEULEUAHIa S LU LS R TUIRN WA Tlugesiiglnsniiens
NNNINRAaLE 18RRI NRRasAas WanatniiAeslgngudeya (Packet . monitoring) 6114 ]

Tuangnginsniienenidsdeansiuiimesineldnmasauanugnseslunisinuaesinginees

6.3.1 nmimeseududayaaniings

Junsmegaunisgnuaiaziiniseusia e et indiuauou 3 da nadimasusazsioay
21D 1l 11111111, 22222222 uar 33333333 AuaAU Auandlugilin 6.20 udanailu Enter Tuluun

nafineueuAn edeeudayaialiainiimes
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@ Meter ID = 11111111

Meter ID = 22222222

Hand Held j
@ Meter ID = 33333333

317 6.20 naneageuEudeyaaIniaes

\anaaaunisieuzesinsinaealunszuaunissne nldeenuuuianld uanimeaeuiy

aun9IngAINIAAIN TX Buffer, RX_Buffer wazA1A2m R ld luineuluanetiu aeelisunsunladinng

= o Yo o T o P ) o e A Y o Py .
L“ﬂﬁu% Iﬂﬂim@m@ﬂﬂm -> LLVIum@H@WQﬂ@Q@@ﬂNWQﬁﬂmq@qﬂﬂ?mﬂﬂﬂﬂ SLT <- LLWH“H@H@W@T]@\?@@H

wanfimes uazldiarguduvnlunisuanang

a' k% = o

- Busuauqunnstalaglud
o 1 d‘ 3| o 1 ell v o A i’/

----------------- A aANNALIN LA UMD A0 ARABIALLABUTY —---mmmmemmmemeev
02 47 09 6F 38 (ginsniNenedermNILaTLlszANszLLLATAAUMLIANARINRIAEHNNg
nszlamaaunananaglduinainnisguenlunnsnspanam)

. 4 4
- Busunisruaunnniziandasnaand

. M A A . 4

-------------- ALMLSANAN 9 FelAN19NN0 98N AN TUANT 1A NHD -
02 C7 44 D9 24 (Dmay: Favuenisdsdayaaniiine susiazs)

09 4C 02 02 02 02 02 02 02 02 1D FO (HLABFAIANMHNIELAULTTANTTUL WATUNIELATN AT
Fiunndmas)

—————————————————————— ANLULNANIND 71 12 ANNANIINAIND

04 C7 22 20 00 9E 23 (UA8U : N3¥LIWNT Identificaion)
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a 5

06 EE 00 0000 01 00 36 5B (HLARIADLIANGN)

—————————————————————— ANALNAIND N 18 ANNAIFIAIND
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ANLlaande inanisdaiady 1 m 20 Tus)
06 EE 00 00 00 01 00 36 5B (ﬁLﬁlﬂ{ﬁl’aUﬁm@ﬂ)

---------------------- ANLULNAIND 71 21 ANNANIINAND

04 C7 22 20 01 3C 76 (A2 : NTTLIUNNIENUAIANNANTINUNILLATT)
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Hand Held
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Collision Occur Fail
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(]
a

—————————————————————— AAEAIND 7 9 MNANT AT

-> 02 C7 44 D9 24 (qﬂnmiﬁ@ﬁ@quﬁﬂ@u%’@w@mmﬁ@u“mmﬁLm'aﬁwimm)
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