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# # 4970230421 : MAJOR ELECTRICAL ENGINEERING

KEYWORDS: BATTERY MONITORING / EMBEDDED TCP/IP /UNMANNED POWER

SUBSTATION
KROEKSAK CHANDONG : AN IMPLEMENTATION OF BATTERY MONITORING
SYSTEM FOR UNMANNED POWER SUBSTATION BASED ON EMBEDDED TCP/IP
PROTOCOL. THESIS ADVISOR : ASSOC. PROF. WATIT BENJAPOLAKUL. D. Eng.,
114 pp.

At present, unmanned power substation uses a battery monitoring system to
monitor its backup battery continuously. However, most of the battery monitoring
systems in the market are expensive and have excessive functions.

In this thesis, a battery monitoring system is designed and implemented by
using embedded TCP/IP protocol microcontroller which has the ability to communicate
over IP network. The processing structure uses the master-slave structure which
provides one master microcontroller and four slave microcontrollers to perform signal
processing task from measurement circuits and sensors. The prototype which is
developed can provide ability to measure cell voltage, cell temperature, battery current
and room temperature, ability to calculate internal resistance of each cell and ability to
alarm when electrolyte of each cell is below a specified limit. This prototype can work
with battery which has cells connected in a series up to 24 cells.

The system was tested in a unmanned power substation for over 3 months, after

improvement, the developed battery monitoring system can work quite well.

Department : __Electrical Engineering Student’s Signature

Field of Study : Electrical Engineering Advisor’s Signature
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v
[ %

WefduAILANNNININ R UATATS TasHAALNNIATLIANASE

1%

PRI HLARTFN9) MNLNG

wgan13dszql (Charge)  WURLASIIALNIINYANIINNULDAUATEI T2

WURALAET (Battery Charger)

1
[ %

AANNIINHIABTENTMAIANIE AN 9T INuLIALAES

o ilaanlifuummasanailszq (Discharge) Wiuseaziaan 30 w1

o

° mwwqmﬁma%ﬁmq ANATINLUNANAZALAINNAINITD NI TALNAIU

YAILLALARS

£
BN %

o szqluunwasanaitinaianisinnuresaseslszquunines

o

e JaANHme AN ANLNG



2.2 wusmasn ldnuagluaontlnddessating

TunrreanuuuléiaanaanilnwilndasuasnisIWinuamane wnaaame uanni

=

THndesfadte uumaeinlieueyluaniillniirdesfedradunumaeizin
Anaandan (Nickel Cadmium  Battery) Faiududaunnifluinifalawmsa (Nickel
Hydrate: NiO(OH)) washeludraufunasinuandie (Sponge Cadmium: Cd) Lieinanmi
Inefansazarsdianinsladiilu arsavarallunadaslansenlad (Potassium Hydroxide:
KOH) AfiAadindiutlazanns 20-34 Wefisuflaainminaeddunadeslansenlas uazd

o

asa = dal
’&Nﬂ’]?ﬂgﬂﬁ‘ﬂ’Wﬂ\‘iLﬂﬁJ JU

v
o

Ufmeaindalniinatinuaniean (Cadmium Electrode) anivAneitlseq

Cd+20H™ — Cd(OH),+2e" (2.1)

v
o

ﬂg’jﬁ?mmﬁﬁmiﬂ%wﬁmﬂmﬁm (Nickel Electrode) anszmsitlseq
2NiO(OH)+2H,0+2e~ — 2Ni(OH), +20H" (2.2)
UfeANANS anuzAneilsvq
2NiO(OH)+Cd+2H,0 —> 2Ni(OH), +Cd(OH), (2.3)

azmiuladnasazarsdidninslaspallunadanlansanlas (KOH) lalagnldlu
U mMIARAIIUAIAINTINEINTY (Specific Gravity) AZUANANANNNITULLALAET

#ARZTANgA (Lead-acid Battery) NaunsnLNTan1Uea89n19194 (State of Charge) 14

Taanummanldluan1dinilndaannin1maga Ui Aa RN ALLAA LN
(NiCd) TadnuantFanziandAtyassialiil
o Y 1 a :// 1 = =& =
o gusnineulF gL -50 s LIAEIAR +50 B9ALTAlTHA
® sreizinan N TANENNAW N eI WY

e gnaanuuyliifiangnisldaueiouiundt 20 T



v
o pneaanuulliiaunsonusanisdanigas nissianauda nnsanslnauuuaaznis

Uszq WiAuninla

o Hanuamnsnlunisananszualiigegn 300 wanulfiiluszazioan 5 dalua

2.3 Twslnpaanldlunisiudstaya

1
a o o I

ANANNEAINTIZUL AR UARaTAnTUdn RN tas AR NEana liuas

v o , = A @ aa & "y
ﬂ’]ﬁ‘@\‘ﬂl@ﬁ;{@ﬂq?QWN'\u?:ﬂﬂtﬂ?qsﬂ’]ﬂiﬂw I‘W?I‘V]ﬂﬂ@'ﬂLﬂuVIUHNLL@zLﬂUquﬁ‘ﬂquluﬂqﬁ‘Im@Q

fayanieulnssdnalemagalnsnasa TCP/IP [1]

2.3.1 Twslnmaa TCP/P [1, 2]

TCP/IP (Transmission Control Protocol / Internet Protocol) Lﬂummmiwﬂmﬂ@@
A v A o qu = o ' () | PR
mmgjmmqﬂiﬂjL‘W@‘wﬂummammmmzmwLme (Hosts) yulagednglan g

tsznavfnalasadnanienianinianstanuiilulda

2.3.2 Luuanaasnsdnntnanssuaaslnglnaaa TCP/IP

Fuunauanaadn1saanuyl TCP/AP  AANNT4319n17danNsassindnalagaaing

Y Aa

(Internetwork) WalfiiEn1nsdaeansiilugnna (Universal Communication Services) 11

1
aAa o

ﬁugmmmim\mjmm@m:rmzmqmﬂmwLLmr]rfifmﬁu (Heterogeneous Physical Networks)
I T o e I ST ¢
natapeldivennlilaaneguulasednanunnstedu gy TasednaneguunugIunig

dd‘ 1 (%4 £ a 1 dl [ %4 v
wmalulatNuaneaiulia unRnsadazNs LA

{unne@ned1euilaredniseanuuy TCP/IP  ABN13A31NNIATgIuEluuNessy

(Standardized Abstraction) a1u5unalnn1sdednsuealasingumazaia iaaannlasetne

=<

1 a al o 1 o & 1 o dd‘ v 1 1 d’l
LAATTUAALHANHOIENINLANNLANANAY Auas i LmAlulaan 14 Inalasadnemaniiay

a



'
o o =

Tladeaniednniunisdegnsiulanniauanfnafiamailszany (Interface) N@NITHD 11U

o

ngnvua il denUsyauidsunsy  (Programming  Interface) 2easataaldd1uiy

v
4 ] !

daueeidulunisdeansduinugiu fnazinsedeatsivlnssinamailfiesGuuinig i

a

1 4 v
A [ Y v =

v
uldsunsusalszaumaiiasazansnnnfagagnsiulasenauanillsd doauniiieg

q

'
IS4

fmunlusunsntlszens (Applications)  siaenisnazi lildsunsudszgnraanuies
arnnsnfnsiedeasiulaseinemaiulianiufiasendusananeseudnellsinsusa
dszanuaeslasadrauazldsunsulsvegnivesildanuieinainsnaea TCPIP Taa TCP/P
dnsrensafamanninsg 1l ieansiulasetnesine Tnannsgrudsnanadugasziv
o ' 1 A Y o 1o < 4
anwugnianianinaesiasedng nataAagwmunllsinsudszgnalianilufiomsiu
= o | A | ¥ %
naqiuanndnenssunianianInzedlasingwmantiu iaasdeullsinsuliaannies
AINNIRSFIUN TCP/IP  Auunliainiuaniluviiivesgainsinaea TCPIP Miazdinag
Weridun1saessiug1u (Basic Communication Functions) 2241Asenennannaiinginge

LNU

2.3.3 LLULANADILLLUTUARIINSG I NADA TCP/IP

TCP/IP azlaneuzadneiullsunsndniulasadne (Networking Software) ﬁf;“ﬂﬂ
Aa TCPIP  gnutiseaniiludu (Layers) fouin  Gaduninnaesandn nslneaeaawnn

(Protocol Stack) n13%1 TCP/IP gnuiieanituduineqatlszasdisstelld
4, Y L aae
® LNALLNIULAZAIEUTINNYRILAaT T Ul AR
a&' Yo 1 v °
e aldneAan174519uAZNN9RTRARaLNTTNN9NIeeTLsInTN

d ey “ a o g A 2 Ay .
o aliidasienisliudgnisarimuninsinaeausiazdunasauunlnenlinsenuiu
=

dulnslneoaau e nx

TCP/IP gnutieaaniiu 4 dutlsznavdiae dutlsvenslde1n (Application Layer) £

12 |

waauiine (Transport Layer) Fulasatne (Interetwork Layer) wazdisgendssaiulasatne

wazanfauls (Network Interface and Hardware Layer) ﬁ\igﬂ‘ﬁ 2.1



Applications S Applications
Transport e e e TCP/UDP
(CMP
Internetwork e e e . P
ARP/RARP
Network [nterface Network Interface
and < e e e and
Hardware Hardware

U7 2.1 ardudurasinsineaea TCP/IP Wiansaatnginsinaea luwsasdu

2.3.3.1 %uﬂizﬂqnmﬁf\‘i’m (Application Layer)

Furlsegnldemiludunnasdesiulilsunsudszgndaasildaunldininaea

v ¥ 1
a o A

TCP/IP lun1sdeansineldsunsntszynsimantifivisndunimnsguléinn innsiadnaleu
Wi (File Transfer Protocol: FTP), inausianaudsdiapnanuuanadim (Hyper Text Transport
Protocol: HTTP), wnaiils (Telnet) a4 visallsunsudunlilfiduninsgruduidsunsy

¥ o

vy < A gy 0 . | < Sy ~ 3
ﬂizqﬂmmlmmwwmwmLWﬂhmmuﬂmﬂm@mwuwmmm? @ﬂ’]ﬂlﬂﬂﬂ??ﬂﬂ@iﬂi‘ﬂ

Nuisauaniiuniinpeaniilnenssuluugnanauazusians (Client-Server Architecture)

¢ aonimanssunuugninauazusiing (Client-Server Architecture)

anifrenssuiuugnanauazuidtaazilsznousioalaaiaasineunaanioan
(Always-on) 7ieinduidng (Server) @eliitian1ssian1Tase (Request) anuanes|laan

Bendn gnang (Client) tnelaandszngidadugninaeiaasineunaenaatvise llfild
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o o

FoatsrasanTnanssussnaianganiun launscuulseyneiai (Web  Application) s
dsrnavfaauddnamil (Web Server) %qﬁqmu@ﬂu’mmmmwﬁuﬁﬁmm@mniﬂmm‘uﬁu
vl (Web Browser) 97inauntjuniAsasaaniamadgning wausdianllfiiuases s
1 Adli/ v [N [~ o o v [ %3 1 v 1 dl
dqasniesnisannidsunsndugol wldnanilfazaeuiuatassinaiafoainansy

Tsunsuduguilfiesniandulildursesgninefuandlugli 2.2

Server Host ’

>
Router 3 2 A
o
%) <
&/ /8 |
& (&
%

Client Host

/
2 4 6 &

Client Host Client Host Client Host Client Host

917 2.2 antTnanssuuuugnaeLazae

Tsunsndszynidiniulnsedng (Network  Application)  tsznausioalisina
(Process) anallsimageTdeTNan sszmdnaiugnulasetng (Network) Fiaegingigis Tussy
dszgniiatdilsznaudnlsunsufugniuanidsuinasiuusiteaadugu taadwusy
@J’mmiﬂivﬁmﬁgﬂmﬁuimﬂﬂﬁLLé’qm%ﬁ@wmﬂﬂWﬁmﬁaLﬂu‘ﬂﬂilfngmjw (Client
Process) #@auanlilswms vibaTlul s ausiang (Server Process) mariulunsdiaasszuy

sz TdsunsuAugadgnivansaunliiiullsmagnanadounsdiandgninansan it



1

Nlsausang Tnananlunisiansundnlilsalaiflugnang vise wadne ufiansand
Audaginaninans (Session) m@\‘ima‘%@mmﬁmﬁﬂ@zﬂ@uEoﬁcm Tsragnesndnansiu
WsaiifugBudunnsdeans asgniansandndulilsmagning doulisiaadesenennis
AnsiaanlUsiaa ﬁlu%qﬂﬁma‘mﬁmﬂu‘lﬂmmLL;J?JW” anTunstiaasszuulsyeansinf
aziiuldintsunsuduguilasiflufdunsissellfusdnandieu deiullsunsubug

a u

=2 = ! @ 1 ] 1 dI a ] 1%
wiasgnwasandilullsmagnine  daunsidnendivaesnisinseainilsunsumug

u

wiasgnivarsanIiiilullsmausiane

a v

Plfadunadinesiu Wsunsulszgnddoulnnjlsznavdice Tl saaaasdadeansiu

8

v ! 1 ! o 1 dl ! dl ] 1 1 o
faennadetnaansllunszud1eiu d1nansladeannilsmanisasgnasinulasedne ey

= dl o o dl o ] 1 1 a dld -] <
anlusimanile Auiullsimanileasiuiazdatnansinunie@anizand deniin (Socket)

fauFeuadeavlsye lurnenllsmanFauaiantiu

o

Faniimseuaieudszgszndneldsmaiunan

o g

Hvmunldsunsudszynsay
= P Asayy = | A,
aunsnatuaNyned aneiuldamaliudainsnaauaunaN AN eeU1eda Wy iy

° a P ' \ Ao o prpp @ v A
NITNIUUANITINIADTLINDENN 1Y AUNAARINWNLDNANGN (TCP Buffer) WIUEY La9ann

a

o o S

NanazgnAcuANNIINIeIulae TOPIP  Stack  dufunsiinasniseunanuu
Tulnsneuinsiae? visagnasuanniainaulng szuuLlfiifinag (Operating System) lunsl

v aa a dl a o
284N19 MRUNTNLLLATRIARNNILADS

Wallsmasiadn1anazdatinansnazdiinnaisaanniedaniianianiunisdnas

fiasnstaeldsnmantszarulsunsuilseyns (Application Programming Interface: API)

v
= o

dl a 1 Y a aa ] o 1 1 1 ] aa a
WamamaraldEN19NINANUUL1240T aﬂmfngﬂmmu‘llmwwimﬂiwﬂwmfaamwiﬂ

' o

= P A = a PP, P 4' < o o |
@uﬂﬁtﬁ@@ﬂ LATRIUUS LL@zgﬂU?ﬂq?V]GﬁWV]ﬂ%UuIﬁ@ﬂﬂ Lﬂ?ﬂﬂﬁu\iuqﬂqq@q?ﬂﬂﬂ@quiﬂ@\jﬂﬂ

Fannnaaalilsmalananiesial

Tunnsszynatpasilsmasiunis wazllsemalananisazszyfoaaas@saa Naglo

909l8a waznneaInada (Port Number) Lﬁmmﬂuuiawﬁmm@ﬁmmiﬂ@Lémﬁfmmfag'

o ng// dl -4 a ] o c XK (<1
patiunnsnazsryindiasnisinseldasldsimalaunlaalananieiunaiasnasnagily

a o @ ~ A M adey A ) ~
@Qquﬂuu'ﬂﬂL‘Viu@qqﬂV]@%1@7\]‘1/]1?1?zumﬂqm@\ﬂaﬁuutﬂﬁﬁmqﬂblﬂw
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2.3.3.2 fum?i’auéhﬂ (Transport Layer)

:/I dl kA (<1 09; dl o ¥ dl o a ! 1 ¥ dl o A
Fuipanausngiludunniuian @Llﬂﬁ‘ﬁlllﬂ’]?f&\‘iN']u“ll‘ﬂﬂ;lj@@qﬂﬂﬂ’?ﬂ‘ﬂ’]ﬁﬁuﬁiﬂﬁlﬂﬂﬂ

Ua18m19uils (End-to-end Data Transfer) Tnauadsdiayanlfiiuainisunsuilszgneiliey

Tsunsuilszansniudaunuinetjszazing (Remote Peer) Ingvinliduindaudinaaunsm

TisnaslusunsudlszensldinaneTusunsuniansiu

]
=

wslnpaandeanldaruninluduindaausinaléuiinsinaaa TCP (Transmission
Control Protocol) wazinsinaaa UDP (User Datagram Protocol) snaiuninsinaaa TCP

T BNansiudsdiaya ludnsuzidacudenaliganan

® wslnmaa TCP (Transmission Control Protocol)

aa a Y a Y % dld dl A v v dl 1
Twslnmeananazliitinisnisdedeyaludneusniauaenaligs dayangnas

a

o o

foatnsneaandiazgniulsziudndeyaazlfifustinaiiueunazgniiosn sy A
Twslnaaa NENazgnlddruiunislszendldaunsesnisaonumenalfasanisiudsiays

%3 aaaa o 1 dy
anwaizianizaasins impaandnlsesa lun
= ¥ 1 o o dl Y o £ 1 dl o 1Y a ﬁgj
o {nisaivdawediuiunisdeansiasamiineunnisiudedioyaaziiniu
o NWsidunisilasiunisdiiuaesdiaya (Duplicate Data Suppression)

° ﬁﬁ?\hﬁ”umimuammmﬁum“n@ﬁ@yj@ (Congestion Control)

e inmsaruAunIslvatasdiaya (Flow Control)
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TR598519224 TCP segment (TCP Segment Structure)

Tn3385192049 TCP segment Usznaufiaelasing)dsgiil 2.3

a

32 bits

Source Port # Destination Port #

Sequence Number

Acknowledgment Number

Header

UR
ACK
PSH
RST
SYN
FIN

Unused Receive Window

Length

Internet Checksum Urgent Data Pointer

Options

Data

717 2.3 Tgeasraaninufuesngn

A a g a ] Y o = . .
nanduuinisnisdedeyanuuneuiundulelzauinn (Connection-oriented)

1
| =

nanapaardnIsasNsmenseneunlaaisseazuanlasudayasendnaiu nszusunig

A

ANAALFENTN “N99ude 3 30" (Three-way Handshake) Taauwinanymdnlisiaan

1
a @ | 4

nausulasdauilaniuiinnifluanadiafiaanisnarBufuaiianisdansanuanidsban

a
1

o 1 = a Y lil a o v lﬂl [ [ o o 1 QI % dl
VI’]Q’]M@%UM@ﬂIE@@ﬂﬁﬂﬁuﬂﬂ‘l’]’}ﬁu’]wLﬂuLLN?.I’WEIﬂ’Wﬁ‘VI’N”Iuﬂ\‘]ﬂ@’VJ“’QZLﬁ‘Nﬁ]u@’miﬂﬂeﬁ@%

[ 4

0 o 9 o . ' Y el . v
Nuuulaannintinngu @ﬂmmzmmfmmmmﬂﬂmﬂmwmmmmimzmwmi

a
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o

= | e A o A ' o o aaal a A g9
LT@QJm@ﬂUIﬂ?Lsﬁ@WWq\‘muUuLﬂ?@\‘]LLQJGIJ'WJ M@QqqﬂuumsﬁwqxﬂqLHUﬂW?LW@IVU??@‘ﬂQ"IN
v

mmmm\‘mmqmmumummiﬂum LL@@Q@\??‘UVI 2.4

'
=

19 %ﬁuuﬁqqﬂ PRz dUINNUAIINTN (TCP Segment) WULWLART 3NN TCP
SYN Segment liglefidAuuiausianalng TCP SYN Segment mnmmmimmmimu
Uszgnei |91 (Application-layer Data) usiazinisnaiin SYN ludafunan (Flag) ludou
319 (Header) a@awmnidus 1l “17 uﬂﬂ@ﬁﬂﬁ”ﬁ%ﬁuuﬁqgﬂﬂﬁﬂﬂzéu (Random) AnGENEL
PBUAISLNNIAS (Sequence Number) (wainaiflus client_isn uanslugifl 2.4) uazlda

ludasansunisds (Sequence Number Field) ludausiagaamniuus aanis TCP SYN

v !
Segment Hazgnuiatiu (Encapsulated) adluamunssiazgnashldusseusiang

2) WaANANINNLIF9q TCP SYN Segment 11D9LATaUMa e NANLIWLATASUNNE
azLen TCP SYN Segment aanannaisunsuudald TCP SYN Segment asluiindiasys

109N@N (TCP  Buffer) &8 UAALLS (Variable) Aanflusanindansalilidulsaldany

aa A

aniufiRUAT et R nmusBugen Hideusia3undn TCP SYNACK Segment
naldfaadasgnang Tne TCP SYNACK Segment fananafilaifitayaludulrsynflfe

WUAY WANANALAEAS Hnnsadn SYN Wil “17,  Aasauaisunisaausy

¥ aa A

(Acknowledgement Number Field) gnuasi liidALElu client_isn+1 wazgafineTERLATag

q

uldneazduen Busiuraaaadidunisds (uanailu server_isn lugilii 2.4) wazldenianil
4 P4 = & 1 ! o & 1 P4 v A o/ 1
fresiuasluadsineludouinreannuus seld nszuaunisdrsfiuilseuaiousineing

NM3aea1910NYHENd1 "GulAFU SYN Packet iWereEuNIsimaNsafaaaIa1ALNN9E

'
a

BufuredAMAa client_isn LAY SutiUAENAUNNITaNARAINA1IALLATANALNNTAIEN Y

28491AD server_isn”

aaa

3) WaArasgninaliiu TCP SYNACK Segment W& NENLLLATEIQNANEAZYN

1
A o v

TCP SYNACK Segment hllal3lunndeyaneshdn udrausaulsnanilusanisidan
sioliiivlilden antduwasesgnaneasasniuuane iUl liesesuddnatag tonisus
o 1 ! o o o’ | . dl v 4 d‘ [N 1 Vo
nanld  wasdunsmeuiuilu server isn+1 ivandaliiiAsasusianansauanlaiy
4 1 1
wnnwsniauntiudiar SYN dagevaniuuangnigailu 0" Wesainnisiiensegnaing

Feubasunan
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Client Host Server Host

Time Time

dl v dl 1 aAa Ay aa o A aa
gﬂVI 2.4 NM3asNNNTIaNFAa e N InAeaNTNALEAEN19LNAANAD

|
A A

ANTENe bR (Reliability) LAARINNIIAUUALATAALNTTAS IHALLAAZITNINWAN

v [
a9 Tuaiagnaeansfnananarin19a51an13nassy (Acknowledgement: ACK) Lialfsu

fayaungaclalazu ACK nalussazinaniivuarininusfinanazgnasnau ldegiu

3

@ﬂm\‘u,a?ﬂﬂmzmuma?ﬁdﬂ Retransmission

wnldsunsudlszgnsifiesnislinulnsnaeanan tlsunsudszgnadinainasfies

Tdnuneiaalen nanwesn (TCP  Port)  waslisunsuilszandfiunig uashdnnasnans

'
o A

Tsunandszgnsidanamie PEAnedaniaAIngn 1024 aziflunainngninvuslagesdng

AINA (Internet Assigned Numbers Authority) twaldiulisunsuilsegnsunsatinliun
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wasm 23 WAuwawin (Telnet) wasm 80  MAUNMRsaUgITaANUaIaRRA (HTTP)

1l

2.3.3.3 ulAg9ansl (Internetwork Layer)

dulpsadnaueaiagnizandndudumesiis (Interet  Layer) %3 dulaseting
(Network Layer) inusinnanwsirenlasatnediay (Virtual Network) Ingduiiaziaientniia

Tazeainameaniifnanssnaesdneuznanianinzeslassdinaseduieggindt lneaea

Tutuiindnaunantannnsinaaadumasidin (Intemet Protocol : IP) @ednilulnsinaead

o a

[ %

= o . a C & o ¥ dl
NANHUZLUUABULUNTULAA (Connectionless)  1aaTnslnAaadumnadiidnasniniing

weeugengnsldlinalananielidnga lagdnnasluniizandtaumaiitdnaniniungy

<

(IP Datagram) @aiflunidseugiuresdeyandslinnniglulassdnelen

o o [ a (=3 .
® AsaRLdUNINEIuSLINSInAaadUIasLiln (IP Routing Table)

Tunnsiansudnmasdewining llidunislnuiatsanainindsesginsnisasan

'
4 a

v A o 1 o | ' dl ' | =
#iaaiu (Local Interface) Taeluiiny@idsnaiaazaugsenineiagaaslassinglaidaanis

o 1 =3

Audunislildanand (Gateway) ol Inadayassnainazgniiuliluansnanizand

a

AN NAALEUNIANTUINT INARARUNATLLR

® |P Routing Algorithm

wsnaaa IP Mddanasnuillunisendun e liiuainiungy
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® Address Resolution Protocol

1
=

Address Resolution Protocol %78 ARP lulnsineeaninsgnuniuiinulasie
uulasednereslnsinaeaduietqgininlnalunipeielen (1P Address) Tlifluiaguas

nslnmea lutulasatranianw (Physical Network Address)

® N5 bdanulnsinAaa ARP

% | = A Py oA
nalElAsTgnNBA NS Li’]@Z?tqm'ﬂ%%'ﬂ\iiﬁﬁuutﬂﬁ\i‘}ﬂﬂﬁ‘I'JEI NBEYNINNIENIN

(Physical Address) dauiulasedna@mesisinAe MAC Address wanasdusuinsinaaali

a

v
o

T ¢ sA W oA e ¥ A 4
duneggeanlilaziiunaglan Aviuiansinaealudunetgendnfiesnisiazasnimiuwnss

L

Tdanaglafitlanenis lnsineduesginanl (Device Driver) azluiidinlanag/laisingin

v 1
o o =

G v o o o A M Ne oy e A
mumLﬂummmmmwmmmummLLﬂammmqiﬂwmﬂmrﬂﬂLﬂum@qmqmamwmm

a

=

Taa anens fnanega ARP Iaavnniaglaiasnanalignnuluiagaiinaidansin

a

29918AA ARP (ARP Cache) avin1sunsdtynyas (Broadcast) usudinyaianznizanda

ARP Request lUuulasedng wintaalauulaseinaidudiresneglenngnoiuiiazmney

u

naustunsudinyalanIzNizand ARP Reply naunndslaaniiufjmaninanialu ARP

Reply uazissanatnisnianinaastaaniilugivzes ARP Reply

2334 duidandszaiulasedngazansaiag (Network Interface  and

Hardware Layer)

A | = P co Yy .
aninananuulasstngleiasilsznausoalaauas alnsnidndunis (Router) ot
Wiudruaunn Aniuduilazisnnlasvseqinsnidniduniaiudanaaiunalun (Node)

o

TneTasvaneleazgnuasindsznaufiaaTunduuninisansaiufoaanamenle (Link)
[J o QQ/J dl 1 1 dl dldalad a o @ dl v o
AMUILHINAIEUNNINA A28 19T9 T AT AP AU asInAA AT N TuanTledina e
Tuanilerinu anemenlaeuierlfruaniusiesendeinsinasaludull anaGuninsineealu
o My @ . o ' o | (% 1 al c &

duRlEailu  Link-Layer Protocol  Tazsnatneresinsinaeasananqliun amediin

(Ethernet), IEEE 802.11, niA134 (Token Ring) lufiu Iufudnerznianianinaasdng
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d‘ 1 v dl [~ dl 1 v v b % 1 ug//
danlaeanldnisaaansluntenirgnimiuiuula aannnatandadnediudnanwlugy
Imsatnel (Network Layer) Aean1sdawiniuuslutuiaaanting (Transport-layer Segments)
= @A 6 aa a dd‘ A v aa a U %
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Valid_connection

TCP_Get(&rcv_pkt)
cmd = Get_CMD{rcv_pkt}

Invalid_connection || No_connection cmd = ON

ON_Charger()
TCP_Closed()

Wait for a Call cmd = OFF Check Command

OFF_Charger()
TCP_Closed()
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Ready
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Collect Data

Ready
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Byte 0 1 49 97 121 123 125

‘ 0x55 ‘ CellVoltage Data | Cell Temp Data Electrolyte Alarm | Room Temp Data |Battery Current Data

Data Packet

Byte o 1 4 Byte 0 1 4 s}

‘ 0x55 ‘ ON ‘ ‘ 0x55 ‘ OFF ‘ ‘ 0x55 ‘ REQ ‘

Command Packet
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8 -— }7
. RAW DATA §EE§E§n
Processed Data I Processing TCP RX b B
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rocessing TCP RX %
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DCM List Program L
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DCM_No | Power_Substation_Name | Polling_Status | IP_Address | TCP_Port
1 Substation A1 Busy 10.100.10.2 50000
2 Substation B Available 10.100.10.3 50000
3 Substation C1 Busy 10.100.10.4 50000
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‘ Cell Voltage shows real battery Voltage =~ 1.3 Volts
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Klongtoey Power Substation
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Data Collection Module: DCM Wireless Access Point

10 Base-T Link

Sensors Link

Client Computer #1

(

Running Client Battery Monitoring Software)

Battery under test
10/100 Base-T Link

Client Computer #2

-t

(Running Client Battery Monitoring Software)

Server Computer

Server Room
(Running Data Collection Software and Battery Maintenance Center

Microsoft SQL Server Datapase 2005)
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RealTime Battery Monitoring
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i R o gl ciby cuen coly CiES e
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o S aSaSaBaBasSalal

Cel-1 Cel2 Cel-3 Cell-4 Cell-5 Cell-B Cel-7 Celld Cel3 Cell-10 Cell-11 Cell-12 Cell-13 Cell-14 Cell-15 Cell-18 Cell17 Cell-18 Cell-19 Cell-20 Cell-21 Cell-22 Cell-23 Cell-24

Disconnecting the voltage probe‘ ‘Electrolyte Level Alarm
el c2 e3 i e of o Q. gl0 o1 12 c13 e14 o5 :—/&17 18 c19 o0 ¢ o2 o2 o
CellVoktage (volis): [ 130 [1.32 [ 136 [1.31 [132 [1.31 [130 [130 [ 131 [131 IEA A EES |130’:1 [13t s [130 [1z [13 [132 1301350

Linuid Leved Il ok [ ok [ox [ok [ok [ok [oc [ ok [ox [l o< [ox [oc ISl or [ox [ok [ox [ok [ox [ok [oK [oK

Channel

Case Temperatus (0] | 3200 [3200 [32.00 [32.00 [32.00 [32.00 [32.00 [ 32.00 [32.00 [ 32 60 [ 32.00 [32.50 [ 32 60 [32.50 [32 60 [ 32.00 [ 32.50 [ 32.50 [ 32. 50 [32.50 [32 50 [ 3250 [ 32 50 [ 32.50

Battery Current (4) 3 473
Roam Temperaturs (C) 36.50 g | \

Dataareecoived st | 16272552 121516

‘ Battery Current = 3.473 A ‘

Cell Temp. = 32.50 C°

Charger Status: aFfF
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Temperature Probe
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Temperature Sensor
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Description

The HCNE200/ 201 high-linearity
analeg optocoupler consists of a
high-performance AlGaAs LED that
iluminates two elosely matched
photodiodes. The input photodiode
can be used to monitor, and
therefore stabilize, the light output
of the LED. As a result, the non-
linearity and drift characteristies
of the LED can be virtually
eliminated. The output photodiode
produces a photocurrent that is
linearly related to the light output
of the LEIN The close matching of
the photodiodes and advanced
design of the package ensure the
high linearity and stable gain
characteristics of the optocoupler.

Schematic

1
LED CATHODE

¥
+ Iy
LED ANODE &
2
5
PO GATHOOE &
! ]
- (1] POz -
-
PO ANGDE

r

Agilent HCNR200/201

High-Linearity Analog Optocouplers

Data Sheet

The HCNR200/201 can be used to
i=olate analog signals in a wide
rariety of applications that
require good stability, linearity,
bandwidth and low cost. The
HCNE200/201 1s very flexible and,
by appropriate design of the
application cireuit, is capable of
operating, in many different
moedes, including: unipelar/
bipolar, ac/de and inverting, non-
inverting. The HCNR200,201 is an
excellent solution for many analog
i=olation problems.

]
-8 PO CATHOOE

[T

——0 POZ ANODE
B

Features

Low nonlinearity: 0.01%
K; (lppa! lpps ) tramsfer gain
HCNR200: £15%
HCNR201: £5%
Low gain temperature coofficient:
-65 ppm./ T
Wide bandwidth - DG to =1 MHz
Worldwide safety approval
- UL 1577 recognized
{5 kV rm=/"1 min rating)
- C5A approved
- [EC/EN/DIN EN 80747-5-2
approved
l'.lr|:m,l| = 1414 V peak
{option #050)
Surface mount optien available
{Option #300)
8-Pin DIP package - 0.400" spacing
Allows flexible circuit design
Special selection for HCNR201:
tighter K;, K; and lower
nonlinearity available

Applications

Low cost analog isolation
Telecom: Modem, PBX

Industrial precess control:
Transducer isolator

Isalator for thermocouples 4 mA to
20 mA loop isolation

SMPS feedback leop, SMPS
feadiorward

Monitor motoer supply voltage
Medical

CAUTION: | is advised that zormal stabic precautions be taken in hardling and azsembly of this component to
prevent domage ardor degradation which muey be induced by ESD.

,.._h- Agilent Technologies
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Ordaring Informatinn

HOKRR 20

0 =21 58% Tronsler Gain, 0.25% Masinown Mool lnearily
1 =45% Transler Gein, 005% Maximum Nonlirearity

Option yyvy
050 = IEC/EN/TIN EN G07T47-52 Vigpy = 1414 V peak Optlen
200 = Gull Wing Surface Mount Lead Oplion
500 = Tape,/Reel Package Option {1 k mir.)
XXXE = Lead Free Option

Option data sheets available. Contact your Agilent Technologies sales representative or authorized distributor
for information.

Remarks: The notation & is used for existing produsts, while (new) producss launched sinee 15th July 2001
and lead frez option will use “-°

Package Cutine Drawings

11,30 (D445
L TES

i

CPTION
|| coo="
&
HENA2SE ""'f_.-r DATE
e | - i B
AN e
MaL

& A% 4 S A

—

LG L
g [
NS
—%Ipm H:EE
i A0 (O EY
.86 e DIMERSIONE M MILLINETERS AND (CHES)
ELTRTRT T8 St

B (IO M.

A.00 212
1 134§

1] =]
Ll =] = =]

1.7 0 DET

AT

* MAREIRD CODE LETTER FOR 0PTION HUMEBERE.
== = JPTION 150
OPFTIOH RUMEBERS 30 &ND S50MOT MARKED.

ROTE FLOATING LEAC PROTAUSION 1S 525 mim {10 milajMAK,

Figure 1.



94

Electrical Specifications
Ta = 25°C unless otherwise spocified.
Parameter Symbol | Device | Min [ Typ. | Max. | Units Test Conaitions Fig. | Note
Transfer Gain Ky HCMR200 | 0.85 | 1.00 [ 118 EnA < lpg < S0 pA, 2.3 1
OV eVpp< 15V
HCMRz01 0.95 100 [ 1.08 Snd o< lpp = 50 pA, 1.2
OV < Vg <15V
HOMNRZO1 | 083 | 100 | 107 -40°G < Ty = 83°C, 1,2
End < lpg < 50 pA,
OV <Vpp<15V
Temperature AKg ATy -65 ppm/°C | -40°C < Ty < 85°C, 23
Coefficient of 5nh < lpg = 50 pd,
Transfer Gain OV <V 15V
DC NonLinaarity MLge HCMRZ20D 001 | 025 % EnA < lpg < S0 pA, 4.5, 3
i Best Fit) OV V< 15V i
HCNRz01 001 | 0.08 5 nA < lpg < 50 b, 2.3
OV < Vg <15V
HCNR20 001 | no7 -40°C « Ty < 85°C, 23
End < lpg < 50 pA,
OV <Vpp<15V
DC Nonlinearity MLge 0.016 EnA < lpg < S0 pA, E |
{Ends Fit) OV <Vpp <15V
Input Photo- K, HCNRzo0 | 0.25 | 050 | 075 | % | k=10mA 7| 2
diode Current OV <Vppy =< 15V
Transfer Ratio HCNR201 | 036 | 048 | 072
{lpea 15}
Temperature ARy ATy -0.3 %70 | -40°C « Ty < 85°C, 7
Coofficient I = 10mA
of K4 OV < Vppn < 15V
Photodiode I 0.5 25 nh Ir = 0mA, &
Leakage Current OV <V 15V
Photodiode Bk 30 | 150 Vo | lp=100p4
Reverse Braak-
down Voltage
Phistodiode Cpn 22 FIF ]nrpt. =0V
Capacitance
LED Fareard Ve 1.3 1.6 | 185 y Ir =10m& 9,
Vaoltage 10
1.2 16 185 Ir = 10mé,
-40°C < Ty = 85°C
LED Reverse By 2.5 9 y I = 100 pA
Ereakdown
Voltage
Temperature ATy 1.7 my/=C | g =10ma
Coefficient of
Forward Voltage
LED Junction Crep &0 pF f=1MHz
Capacitance =0V




AC Electrical Specifications
Ta = 25°C unless otherwise specified.
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Test

Parameter Symbel | Device | Min | Typ. | Max.| Units | Conditions | Fig. | Note
LED Bandwidth f-3dB 9 MHz | lp=10m&
Application Circuit Bandwidth:

High Speed 1.5 MHz 6| 7

High Precision 10 kHz m| 7
Application Circuit: IMRR

High Spead a5 dB | freq =60 Hz 16 | 7.8

Package Characteristics
Ta = 25°C unless otherwise specified.
Test
Parameter Symbel | Device | Min. | Typ. | Max. | Units Conclitions Fig. | MNote
Input-Output Visa 5000 Vrms | RH=50%, 56
Momentary-Withstand t=1min.
Voltage*
Resistance Pro 0 | M Q| Vy=s500V0C 5
(Input-Output)
101 TA = 100°C, 5
Vg = 500VDC

Capacitanca Cin 0.4 0.6 pF | f=1MHz 5
(Input-Output)

“The Input-Dutput Momentary Withstand Voltage is a diekctric voltage rating that shoukd not be interpreted as an input-output continuous voltage
rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), your equipment level satety specification,
o Application Mote 1074, " Optocoupler Input-Output Endurance Voltage.”

Maites:

1.

e

[

Kzis cakculated from the slope of the bast fit
Iini of kg ¥s. lppy with eleven equally
distributed data points from § nA to 50 pA.
This is approximately equal to lpge ke at
k=10mA.

. Special salection for tighter Ky, Ky and lower

Naonlinearity available.

. BESTFIT DC NOMNLINEARITY (MLgs) is the

maEimum deviation expressad as a
percentage of the full scale output of & “best
fit” straight line from a graph of kg vs. lpy
with eleven equally distributed data points
from & nfto 50 pA ey eror to best fitlineis

the deviation beloe and above the beast fit
line, expressed as a pencentage of the full
54 ke output
. ENDS FIT DC NORILINEARITY (MLg) is the
mazimurm deviation expressed &s a
percentage of full scake output of a straight
line from the 5 nf to the 50 A data point on
the graph of lppg w5 kg
5. Device considered a tero-terminal device:
Pirs 1, 2, 3, and 4 shorted together and pins
5,6 7, and 8 shorked together.
6. In accordancewith UL 1577, each
optocoupler is proof tested by applying an
insulation testvo lage of 6000V rms for z1

.

-

e

second (kakage detection current limit, 1.y of
5 pAmax.). This test is performed before the
100 production test for partial discharge
{methed b shown in the [EC/ENSDIN EN
BOT47-5-2 Insulation Characteris-tics Table
{for Dption #0530 only).

. Specific perfomance will depend on circuit

topology and components.

. IMRR is defined as the ratio of the signal gain

{with sigral applied to Wy of Figure 16) to the
isolation made gain (with Ve connected to
input commaon and the signal applisd
betwszen the input and output commors) at
B0 Hz, expressed indB.
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Figure 11. Thermal derating curve dependence ot satety limiting value
with case temperature per IEC/EN/DIN EN 60747-5-2.

R2

aVouT

Bj PRACTICAL CIRCUIT

Figure 12. Basic isolation amplifier.
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Scaling Circuit

+12v VWV

v 0 P+12v

+ N N— T}
- ° 12v 2
w4 12V

[ 74

luniliaenld R =1491 Tavin R =57lalavin R, =15 Alaleviuuay

v
o

V. =—12 laspuanauaaii
We Vv =—4Tlad azlfusediu v, =0Tad

out

e v o= 4 laad azlfusadn v = 23856 1o
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DS18S20

OPERATION — ALARM SIGNALING

After the DS18S20 performs a temperature conversion, the temperature value is compared to the user-
defined two’s complement alarm trigger values stored in the 1-byte Ty and Ty registers (see Figure 3).
The sign bit (S) indicates if the value is positive or negative: for positive numbers S = 0 and for negative
numbers S = 1. The Ty and Ty registers are nonvolatile (EEPROM) so they will retain data when the
device 1s powered down. Ty and Tp can be accessed through bytes 2 and 3 of the scratchpad as explained
in the MEMORY section of this datasheet.

Th AND T REGISTER FORMAT Figure 3
bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

s | 22 | # | »® | 7 2 | 2 29

Only bits 8 through 1 of the temperature register are used in the Ty and Ty comparison since Ty and Tp
are 8-bit registers. If the measured temperature 1s lower than or equal to Ty or higher than Ty, an alarm
condition exists and an alarm flag is set inside the DS18S20. This flag is updated after every temperature
measurement; therefore, if the alarm condition goes away, the flag will be tumed off after the next
temperature conversion.

The master device can check the alarm flag status of all DS18520s on the bus by issuing an Alarim Search
[ECh] command. Any DS18S20s with a set alarm flag will respond to the command, so the master can
determine exactly which DS18520s have experienced an alarm condition. If an alarm condition exists and
the Ty or T settings have changed, another temperature conversion should be done to validate the alarm
condition.

POWERING THE DS18S20

The DS18S20 can be powered by an external supply on the Vpp pin, or it can operate in “parasite power”
mode, which allows the DS18S20 to function without a local external supply. Parasite power is very
useful for applications that require remote temperature sensing or that are very space constrained. Figure
1 shows the DS18520’s parasite-power control circuitry, which “steals” power from the 1-Wire bus via
the DQ pin when the bus is high. The stolen charge powers the DS18520 while the bus is high, and some
of the charge is stored on the parasite power capacitor (Cpp) to provide power when the bus 1s low. When
the DS18S20 is used in parasite power mode, the Vpp pin must be connected to ground.

In parasite power mode, the 1-Wire bus and Cpp can provide sufficient current to the DS18S20 for most
operations as long as the specified timing and voltage requirements are met (refer to the DC
ELECTRICAL CHARACTERISTICS and the AC ELECTRICAL CHARACTERISTICS sections of this data
sheet). However, when the DS18S20 1s performing temperature conversions or copying data from the
scratchpad memory to EEPROM., the operating current can be as high as 1.5mA. This current can cause
an unacceptable voltage drop across the weak 1-Wire pullup resistor and is more current than can be
supplied by Cpp. To assure that the DS18520 has sufficient supply current, it is necessary to provide a
strong pullup on the 1-Wire bus whenever temperature conversions are taking place or data is being
copied from the seratchpad to EEPROM. This can be accomplished by using a MOSFET to pull the bus
directly to the rail as shown in Figure 4. The 1-Wire bus must be switched to the strong pullup within
10ps (max) after a Convert T [44h] or Copy Scratchpad [48h] command is issued, and the bus must be
held high by the pullup for the duration of the conversion (teo,) or data transfer (ty, = 10ms). No other
activity can take place on the 1-Wire bus while the pullup is enabled.

The DS18S20 can also be powered by the conventional method of connecting an external power supply to
the Vpp pin, as shown i Figure 5. The advantage of this method is that the MOSFET pullup 1s not
required, and the 1-Wire bus is free to carry other traffic during the temperature conversion time.

4o0f21
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Design of Real-Time Battery Monitoring System in Substations Using

Low Cost Embedded Ethernet Module Microcontroller
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eiael (Back-up battery of substation) LLAAYINA
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AT (Embedded Ethemet Module Microcontroller)
Lﬂuﬁyuﬁmlumi@@mmu Wavselamilunns
H3edamnuRanans LALRAAN RFIRABLANIN
Jaqiu saufaiinUszAndnnaecany
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Abstract

This paper introduces the design of
real-time battery monitoring system based on
embedded Ethernet module microcontroller
for monitor, alarm and improve maintenance
process for backup battery in substation via
intranet network.
Keywords Battery  Monitoring ~ System,

Ethernet, Microcontroller, Intranet
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