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ABSTRACT

In this thesis, a wireless sensor network for continuous time monitoring of an
electrocardiogram (ECG) and pulse oximetry (SpO3) in human subject is developed
and implemented. The functionality of the sensor nodes is to obtain ECG and SpO,
signals from patients, process the signals and communicate with the base station and
the other nodes. Sensor nodes communication is based .on the IEEE 802.15.4
standard by the Zigbee modules. The base station receives data from sensor nodes
via wireless channel and sends data to a central server PC. At the base station,
resulting signals: can "be continuously monitored and saved in ‘a database unit
allowing the review of monitored data. Furthermore, future diagnosis can be started
with these data. The proposed system has the characteristics of low power
consumption, low-cost, flexible structure and accurate measurement, and it can
achieve the long-distance non-invasive vital sign monitoring of the patients in real
time mode. A prototype was successfully developed and tested to establish the
concept proof The algorithms have been tested experimentally and found to be

accurate and reliable at this development stage.
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ATHLATY
{Left atrium)

uUuLtNM
(Right atrium)

SRS gl
. (Left ventricle)
A1UN

(Right ventricle)

3UN 2.1 dseqeeaiila
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syuumIaueeg veauywdtuudiliinduannsdinuresauesinsyuy
Uszamlnwddlumududssaming uazlugeadnéanilomandu Tnefiwalassiinistui
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Usgnnileihaulavesidla Ae n1sfindranderlasinn nsgfumsieuldfesaes
Tagondmszuuthinin (Conduction system) aelunifavesiala Tassadrefiddyvesseuy
wliwesiilaldiunn

lelwain3ealua (Sinacatrial node) w3ateaelua (SA node) Wunguvsuwad
néandleshlaiiinaudsusulvidneaduosssuuiilii Tnseglunifvesfilatesuuran
Faguit 2.2 (n) wawelun v ddiudadudulunisdsnseualwinlumandiudeilares
VUAILYN

ton3laniunimanilun (Atrioventricular node) w3aiilum (AV node) agszning
whlaeruunasiesans dasud 22 (@) Tnsazfunseualniiidenamsidlatesiy udds
thnseualwihdsadlugwhledesarssumadulelnihiieglu sfitularesdaniuay
a1ede FuFonds Tuidia eed da (bundle of his) figuil 2.2 (a) waviianszualiiiudng
Walavtesdrmaduletiitute (Purkinje fiber) uonannilunsdiftomelualsiannsonsedu

lale wTNunaermtnmdudSuduuny [2]
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SUN 2.3 dyn1medvesauung

NNFUN 2.3 uaneduuddivesnulnflneliseaudund 19 o il [3114]
ey P (P wave) {inanaisvinusesilauy darunaiuszanm 80-120 ms

® gyymuTn QRS (QRS complex) Anannisviinuuetilaredany ziiniunam

Uszana 80-100 ms uasdayayni R awilvunageiign wesannmilaviesdnsaz iulafindaluds

VNEILYRITNNY MuNTiravialavasiidllauminannnindiuduy dvinnisiitainiy

< o 4 o ! = o P =
ARVILLYUYI AL VUL BINLTUNIT Leadl NIINFU YR R m%mﬂgﬁa’gﬁmmwawwa‘im

gasdnatnHviure neadswIuLIn

@ o _s & gi’ s 2 ] =i
® dyu T (T wave) Anannsaatefivesnaiiomlavesarsiaiunmm

Uszana 200 ms wazdivuiauszuia 30% ey R

A15797 2.1 Granananvesrdulniiaila

NP RRRRLETHR Fra1Ung (s)
aduliheila Aady et
74938794 PR 0.18 0.12-0.20
411187849 QR 0.08 §40.10
F1a1es QT 0.4 11 0.43

21938994 ST (R TQ-QRS) 0.32 i1 0.35
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2.5 wmsgrumsinaduliiigala

wmsgrumsinmdulviilatduiivarsuuuiumiuniasgu (Standard leads) & 12
an (Lead) wuseenlald 3 ngu [5) Aie

nguil 1 Chest Leads (V1-V6) Wunsindyananinamien fgud 2.4

Clawcula A Mid-clavicular

\ -line
o _ﬂ\.,

D Fooent

Mrd -axillary

g'ﬂﬁ 2 4 msiaeauiihehlanuy Chest Leads (V1-V6)

nsjuﬁ 2 Bipolar Limb Leads {, If, 1) @l n15iamudisdndsendteaassiiumis
Tnelundmiiaudauan wardndudantsdushau ﬁﬁgﬂ‘*fi 2.5 lpei

e Lead | Tanrmasedndluinsznineusude @huin) fusauen (av)

® Lead Il Samwsinesinglyiinszmnandne (auan) fu wwuen @hau)

® |ead Il Taausndngldviseniewde @uin) fU weuge (@7au)

| fl i

U7 2.5 s dardulnitwilauuu Bipolar Limb Leads (, 1, 1)
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nguil 3 Unipolar Limb Leads (AVR, AVL, AVF) s msiamsinadndsewing
Furimilefisdendu Sildnlniaden Gingle electrode) AuBnsunisdsdoinfidndlnia
ugudisFonin Sidnlnsndneds (reference electrode) AUt 2.6 Tne

® [ead aVR a Voltage waauaue Wgududidnlnsnssdannuautteuanude

® |ead aVL T Voltage vesuaudne Wisuiudidnlnnoedaanurusituinundie

® |ead aVF 1 Voltage wosnde Wieutuddninadredsnuaudreuiniauen

U7 2.6 myaeduliiwilauuy Unipolar Limb Leads (aVR, aVt, aVF)

2.6 aanlnsa

mseedausssulafiay nszualiiiuusameasdesdifudeutiu Ade idnTna
(electrode) fivhwiiiadowdunsuannges wanzluswneiinisiinssuaselosay
(ionic current) wiluiaSesnasinistinszuamedidnniey sumdidninsadasimed
wWasunszualossy Whdunssualuin laesunsunsudasnssualossuluifudidnasounes

sianivnse Ingldenundenlalsiny [6] wandlasaguin 2.7
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a w H i < c:i =1 1 ] df a v t 74 k74 i = 1
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ATRIAL SEPTAL APICAL LEFTYENTRICUL 2R
DEPOLARIZATION DEPOLARIZATION DEPOLARIZATION DEPOLARIZATION
B0ms 220ms 230ms 240ms

LATE LEFT VENTRICUL AR YEMTRICLES YEMTRICULAR VENTRICLES
DEPOLARIZATION DEPQLARIZEC REPOLARIZATION REPOLARIZED
230 ms 350ms 450 ms 600 ms
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N
\ )
N
/
Q
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JU7 2.9 nan1sinninsesindyyraraulnihilivunsemuinesgiudmsunistudin

1. Auusiug (Precision) wagatuinuiley (Distortion) \Hunmaniandfyves
\Sesindynnsdd madsauullananugnissmsiiitioenin 5% wevinistuiinuy
AI¥ATAIYAIING 5 mm mméfmm‘aﬁmauﬂqma"ulwﬁnﬁmmﬁiwdwa 0.05 Hz-100
Hz

2. \evindyn10des Fevannsaveedygnalalutaaning (nput rance) fie 939
Aflwgdldie 10 mv

3. Bufuauddunasyritddnivaatuiuiu msdidniaend 5 MQ Tuszariieniste
i SianTnsenndumsazrinisdeasdulivaneioindyymsdd laenslifinszudlwi
11nn1 10 pA lnaraugitae

o Q)

4. 1A3dRYIMATR  AITUTUSRTEe (Gain) 1A @iueife 5, 10 uaz 20
mm/mV
ﬁ‘ A ol s = I I
5. wamauausda1ue (Frequency response) VoIATOIIARYEYIUDTT AITUVI
ANUDAIE 0.14 §i3 25Hz
6. dnarauntefindyyalrunsay (Common Mode Rejection Ratio, CMRR) Tuyn
o ' a ey v A o v & o w = v = ¥y |
AumirsEingnldidenanenaipUsuRsiaIveeaIaatuiinliin 10 mm/mV uagaiede
dulnInsavianuadiulninadu 50 Hz 220 vV wieufvaedndrandsasiu druaredndna
= e a & 3 © ' o ar = = ilg
nila siefugesiuvesaeBidninsaianun asinlusasynsuiuduiudsey 22 pF wadilddy
1 P = ' ¥ o o P
limseedniadswuy veaduuinndi 20 mm  defmuaanizidiasddldey dede
duiluaud 100 KQ wuvsunsuiivaeduns
7. wrevindyuddd arsvzdussiulniiuinnit 1 mv dmsunisuiuiieusn

Masengvawesad (Calibration)
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8. ATIveINTEAwlUTinunIg L (Chart speed) mstlu 25 mm/s uenaniu
=l =3 1w = = 1 o =3 IS IR
AITEIAILTIENTINIY AR ANALE2 50 mm/s Auutugvaaiaasiien 2%
9. Bufiuaudiodnm (Output impedance) msiidAttiosndt 100 Q WWNAGIEAADS
1V

s

10. gunsaifiviua3eamuny (Even marker) msaziililuieosTndyn adds dwu
Tgldvinasaamunedievinrsduiinedulwiiila
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szuunhunalanaznisuaniuaesuing

3.1 na1Iun

szuumisiuniela ussvufivialdsresneveswaiiinaswanildeufing
mfvaulaeenies uasfeeendiauludesivormeisneladily Tnessuumadiumela
gziinnsvheuiiiauduiusfuszuuvesiilanasuasadon vldsausamssdinld
agaUnd wnluddu (Metabolism) Ao nsvulunITmigIfufATemnsduaiinnuiialy
$1n8 dasnsmelavziinuduiusiuluddy nanfe Addieddsnsnismelaunn

waeIfaldndwulunismssdninn fuludasumiluatuazamiulune

3.2 lasedas19vesszuumatauniela

szuumaiumelassdsenauldimeiiows waveTorzasuaiayn Inseayn aslud
AIDY NaRILALY ViRauLay Yanaviesiudiawazauuyeassniy agludeadseneunie

yaenaufiLanaananvieau BadnailuvaenauazBuAuLaz ITLARLVINLINTY lagvaonay

[
=

fISULeNaNILITINIMAasRauUTE I AUNsLIRRenavteeala ivessaunasvialadl

£
=i = o/ s

sefigeauissifuduwuilnennonuazuinunigueuegissAuiuidiulngveslen lay

k1

ayUsruumadungla fle UnasausgynIunagsauiiues

3.3 ASTUIUNITIUNISUNYla

nszvaunstunismeladlasinssgndauenuas ndnnieusnimeniduigis vy
weladh ndunidenaneianadiillinisenteisesnludran wazenfuvy  Tuan
Fenfunsetiauarandias msnseimdetediiinliinsemssenvenelnguiniu e
nEiilovearhauuagngeuiiag nrvenazguatazauiulude sz funsediaundy
Fusnoludnuaeiu nssuiumswuibvilinusiluleniindy Wennusumelulengs
nheTufureUTITINANMEYeN 8 n1Assgnduaanainyen Tumemssiuduiuiionny
funmeludeasnitruiureiusseimameusn exnefazlvadigneluden

r?fuﬁuﬁ&aqﬁlﬁiwﬂa%’wé’nﬁﬁﬂﬁa'1mﬁﬁ'ﬂﬂiLﬂﬁauﬁ%’manmnﬂaﬂlﬁﬁu WingIN
arwsumeluleafiunnsineiy Taesasmsmelavesauuninedinsmetla 12 - 20 adsde

W lnpdasinismelassiiugadudioseeniideme
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3.4 msuanaeufinengeaunieludan

a [ Y] 1 as =t

diassngladrenianisuenazidigeTuiedeqlussuumelaludigeauludend
nilivaanszivaendenunidesfnegiluduiunndagun 3.1 duluuinuilvesvenis
Wuusnuivhwiduanudsufgeenduduiieasuaulaeenledseninudndanuns Tag
feendausrlvaiunisiidrgdladonuns wazasvaulasenlasiazeanaindindondiu

L7 .§" 1 = o =3 ) o & 1 &

wifadlsanunggeay Wiatswinselasenfasdumsirfeaisueulesenles sanaindea
gonrnmeuenauanslugun 3.2

a4 e = o < s @ a Iy o
WoaniinsuandsuiingensvenlaeantsnfuitweanBiauui sslvasindanidng
wladielinlainsguiadenluifesiinenussuuilauaevaenifondely [11-2]

EuLaannoy

= = $
HInLAALAALKE -
o oy oA e
[LduLannNa

i

& = 4
\ |dinigeaunsitlva
gananLEuLAonaY

JUR 3.2 msuaniBeufnenelugeey
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3.5 A15IAAIAIUDNAUDIDNTLUTULABALAY

Tusdnadendslufinisinergunsainmaindiaududivessendiauluifionuns
(Pulse oximetry, SpO,) gty unvdglinssnwithedinasderitaduannenislaiueen
Faulifisane wean112N1sIP0anTLAUMIENITATIVINNILTILAUNITILIRDA 1HDES

o e a = Iy o e & & ac dy o« 5w i 2 4

aswiateeendauludien uinfidedinde Wiisnsidestinisgnantilulusmsgiae
(Invasive) viTligUaedus wagdildansaigyimsiaviefanunalaseliowmasanan
lunaweundslafinisAndugunsainaiananusudiveteendiauluionuns Fsaunse
asaTaAeuduivaseendiaulindealalanlifoneidon wazdamisaianuudaiiles

Leimasanal Jadudaiviinlasuaateusnnlulagiy [31-04]

3.5.1 Flulnalu vinr1ee NgRRTIRTN
1. 8lulnadu (Hemoglobin)  Adudetfiufiweendiauluifenduioni1 sond
glulnatiu (Oxyhemoglobin, HbO,)

2. 8lulnalu Aduitediuiaaisusulasenled Fuiendn Aeanddlulnadu

(Deoxyhemoglobin, HbR)

3.5.2 wdnnIsinuYaInsinauduiavewandiauluion

FFmsTamnduiiveseandiauluidon (Pulse oximetry) Tneldanlnsinlawms
(Spectrophotometry) @wé‘fwﬁﬂﬂﬁﬁdmwuwiamﬁmzﬁ&immi@ﬂﬂﬁuﬂﬁuum
(Absorption spectrum) wans Y L2y %Imiﬂaﬁuﬁﬁué’aagﬁ’uaaﬂﬁ?muimﬁamz@ﬂ%’mgu
wasduadlutisanteIady 600-750 nm uazdlalnaduiilifuiiueandiauludenazgn

@ = a ' < @ = < s oo
FUATUKEIDUNS IR LU I9PENIAFY 850-1000 nm A95UN 3.3 [31{4] Tauedunisnaau

e &

o

wavsaasstanuneuilluannsenuAUAISULES 3NTUILYINANIATWIMKIERTIdIN (R)

s d s o a 1 &
YgenTInaduARuLaNAIrLdIWusHe Ui [4]-(6]

AC / DC
RED/  RED

AC / DC
R/ IR

R= 2.1

nanmIAnadlianaunis (3.1) sstlviSsuiiunasidud Spo, Agu
3.4 [5]46] lagil AC Redaqunfunastefifidonlvaiuniunistudivesiilauag DC Ao
duanurdunashsiluiifenivaniu nafl Ak way Dl AT IMATULAIALAIYIS

AC uag DC du ACg Way DCp D dysynaundunasdunsisnlud AC wag DC audnu



23

10 (Red) _ {infrared)
h 660nm 85 0nm
\M‘
M
— \\\
S\
ST,
0.1 X . h . Wavelength (nm)
800 700 900 1000

JU 3.3 naminsgaduaduuasued HbO, way HbR

Sp0; (%)

e e e ot e i A A wm— —

Il i i 1 i i 1 i 1 1! ﬂ(R)

7 50BN SN ke § G2 B2 2 AB6/0 8 30 B2 3 4

JUN 3.4 anriUTeuiisunsmm Spo,

3.5.3 vliavauAiansIvinA1nNBuilveteandauluifonuns
Tulhgtursemaiadmiududivesesndiauluitonunsiiey aosvin Ao

ada . = . o a dl | Y]
1. 35 Hemoximetry %38 Co-oximetry fi® azlauasniinue1IAFULANANAY 3-4
AueAaY Tunemain Asudeauisaiannududuresdlulnadulanansatinnions

) ' v v oo d aad v o= ¥ v | o 2 =
fu usmstameisiduitneededinmsgndndililusnnmediie mwnedouaedon

2. 35 Pulse oximetry 1Juisfiludesgnandilulusaniediy (Non-invasive)
gusataaauBuiiveteandauliudenlagedenal 2 ANUYIRGY AR 660 Nm WLay

940 nm
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3.5.4 ANWAILNISANAWINAIANUDNAIYBW@RNT U TUIADALAY

ar o gj @ af 1 a e = -:J k24 s
Snwaznsansuirinsruduiiveseenduludeaunsiiinmsldauegludagiu

E 4
=i

fasfinsfniiegaesdnune [7)-8] Ae

1. mstaeanduiuresesndslilnaty TngiaUBauadiasioussninanidede
(Reflectance, RPO) ﬁaLLaﬂﬁugﬂﬁ 35 ualdduiifendleminuasiiviinisTalidediu
vmw’mﬂisg}ﬂ%’qﬁﬂﬁamwm%’ﬁﬁhmméuﬁwaaaaﬂ%mulmﬁamumlé’miueh fls1Auna
analvg) uarldldiengludtofitimiingmnndt 40 Alandiduly

2. mstemnuduiuvesesngslalnaty Tnevhnsiaudnauasidummiuiieds
199 99319018 (Transmittance, TPO) ﬁummﬂugﬂ‘fi 3.6 IneAsiagyinnsiauasdiiy
msnnilaiadiieg vaeiuniend wadsufumsihunszgnesudn Juhliefialed
aumaaRdsLliis s wwuunsasvieuesnnniiawde winsTaseds i duditeuld

[} d‘ I A 1 Vel 20 1 90’ ol v ﬂi
YNNI HUBDHRIVINUTRINGNNIN LLﬂzI‘ﬂﬂﬂ‘U%U'ﬂHI@EII&JQJﬁ']%UﬂL?J"IN"ILﬂE}?

photo diode

o

JUT 3.5 nauinuuukasazyiouaniileide

LED

photo diode

JUT 3.6 Insudauuusaudumsiniileds
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@)

3U7 3.7 InsudnAiaudusaveseendiaulufeaundiuuigg
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3.5.5 UsuAnadlnsuindiaudufivaesn@auluiianuag

gﬂﬁ 3.7 wanslnsuiaranudufveeendnuludenunuuudn lnsfiisanansn
wenUssavvadnsuiasmmduiivesendiouludenuns Talasusnanunisldauléd
[9]

1. nsudauuuldasiivanein (Finger-Clip Probe) ﬁﬁgﬂﬁ‘?‘l 3.7 (n)

2. nsuTauuuldludnidnuazmsnusnifin (Y- Probe) fagudl 3.7 (4)

3. nsudnuuuldmufnily (Ear-lobe Probe) 13U 3.7 (A)

4. Tnsu¥awuuldiafimitsnnyisemilons (Forehead Probe) flaguit 3.7 (3)

5. Insuiauuvanssn (Wrap Tape) ﬁ@gﬂ‘ﬁ' 3.7@)
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nsAndadassifaneuasu1nsgy IEEE 802.15.4

4.1 nai
a a ' -ﬂ 2/ 2 =i g 3 =Sa o ar
YagtunisiasedearsifaelaidrunfiuvnumunduidludiadszdrTunay

geaunTIN Fan1siadedearsiiagludagdulatinsimuilulunatnnateguuuuniy

3
s 1w o a

TrquiranA viterunrauvan1slinu Wy desnsingdoyaiadifawuuviudiviule

& o &

favfesiisiiwuinvesdoys wazaransiluntsSudedaya Wudu duiulvivendnwusadudl

a

=¥ v a 14 o o v w s

Yldszuunsfededearslsanenunnigiu IEEE 802.15.4 Aildnwdasiusn vuiadn 514
4 w w e = ' ' @l

gn dszuuinwianulasndeia ansadeudeluszuuinietie wazannsaiiusyezly

mysudsdeyalaunvszgndldidussuuinievisgueesifamediernimmate uanwa way

duiindeyadygruntuliiiale uasdreududveteendaulugen

4.2 Usmnnvssmsiadedesisisane
\saTensRndefeansifaeanuisautseantiidu ¢ Ussavie [114]
e imsevgliaediuypnaTuinan (Wireless Personal Area Network, WPAN)
@ Lﬂ%’é}‘ﬁflEﬂ%’ﬁ’lﬁl"ﬁ%ﬂﬂé’lﬂ%’mﬁ (Wireless Local Area Network, WLAN)
e igsevielianysenindion (Wireless Metropolitan Area Network, WMAN)

e averelimessvinaussna (Wireless Wide Area Network, WWAN)

4.2.1 edndlimediuunnaunaidn

3oyl Fmeduynravmén uszuueerslimevuadn svosdy Jogiud
spuufisesfumaihnanmeueie Pielimeussianiie Suniisn (infra-Red, IR) uas Ugys
fasaosszuvidelilulnadwifiefiouazgunaaimawinuudngg fisuil 4.1 udfiideddn
Tunsvhaudinseurauuinuiidesnsdomsreudiaiin 1wy durisaiszagnisldau

Uszanailsitin 3 wny warugyslissermsldauliinhu 10 wes



29

JUN 4.1 p3evelIansdiuynnavuaién

. =
4.2.2 wsstrelianeszaslnanizi

TUT 4.2 wanauasesnglsatantenszeying daduszuuniovieviasdunldauluy

<@

dsi’ d‘ d’l’ ci 4:{' o 1 < = s 1 -] a o s
futanunnialuszesing aelumieanuniaama@eniu iy aeludiinau usen

=] = 1 Qs 1 e
e ma‘luwagmﬂawuﬂu

JUN 4.2 wsevnelianesveglndlanien

4.2.3 @savwlianesEninuiiog
wietglfaesewinaflosiuanddusui 4.3 Wussuuaiedelfaevualnglddmivi

MaeuraTenIies wis IvouredeasiussninteIm i neluidie
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JUN 4.3 inFetnglangssuinudies

4.2.4 wiedreliangszudialssna
= ¥ ;73 1 s -al I=1 = 1 } 24 1 27
et wlimeseninsdsyvadagun 4.4 Wussuuesadwlansvuialngjunld
k] Ly =9 1 { L7 1 1 1 A 1 =
A uRaneARdNINUIEWINUTEMA Y58 58U LU Nsaeansyalaasua ey

wse Aaulilasan Wudy

A B} 1 b 1
JUT 4.4 ifetnelimeseninysema
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4.3 41m331U [EEE 802.15.4

nguwalulaBiniedisewigiisreslnduuulfanglddnstmuninassnilunisinge
desstuumannvans wilslutiu e weluladdnd (Zigkee) %mﬂunwsﬁmﬁaéaaﬁﬁgﬂ
penuuUTuIndmiunsdeanshueiet e fuuulians Tneisuannsimununss
Tunsfudedoyauuy IEEE 802.15.4 [5H8] ffunisdeasuvulssndandau Tnodl

e [ 4 s =) d &/ 2 A = o
anustunsivdsdeyad duwaiidn Tduldie waslisianign  nsiededeansly

Y =g o 29 @ a i = o oA cal v a
anwauziilagnihunlddmiunsindedeasseniunsewmnvinviowuwe iNdeinsdoans
wuulfeane weanarugiendudeuduiunisiass insrzlidesanasindyyindiiuiy

snluSienaniua Sevildanmidansnaznaildlunisings

1AsgIU IEEE 802154 BiAfmusiudmiunistudsleyadesiuliiuiases
in¥easudainglusunignin (Physical layer) auiluiaainasgiuves Towdle Tma (0S|
model, OSI 7 layer) LLﬁSﬂ?UﬂﬁJﬂﬂi%}Uﬁdﬁ@%ﬂu%ﬂL%O&!C‘i@“ﬁ@%ﬁ_(data link tayer) 1dn1g
NN (Modulation) kv Offset Quadrature Phase Shift Keying (Offset-QPSK) wae
lgn1suidumduaynsuniuuuy Direct Sequence Spread Spectrum (DSSS) AIUANNTS
%’Udﬂ“ﬁ’am‘,ﬂﬂa‘iﬁﬂﬂmﬂa‘aLL‘U‘U Carrier Sense  Multiple Access/. Collision Avoidance
(CSMA/CA) |

1 o s ]

= - 4\l 2 o A aca @
nageusoduimTadieuwaslsaeimualaeunsgiudnindaiud Ay dmiu
& o - 9 @ 4w sl o ' Y s
wiedeueeiliaty e nalanisusyndandsrudshgunsaliteussegiuiuees
aunsaimuasgealunadagnismdu wieinn1sau (Sleep mode) Tngigunsalay
o v o ) R - = o o ° o o
iminfiaamslandenulmnietesignineidunsUssndandenu nisimuanisudutii
lalpunisfoswslunaunsallussvuvestnd ieovenssggnaimginismduiazidialinigds
2 & o o o cad o ] a a o
ayavngUnsnifiduindguninifivdved aunsailussuuresdnifiagviiniseanainaniuy

s [ o =7 ) € s 3.’1 [ = L3
AN1INNIU %%El'éﬁ?ﬂSﬂ'm'l‘itﬂﬂﬂﬂlgﬂl'ﬂﬂ‘ﬂ']ﬂi’n LLﬁ%ﬁ?MWWQﬂﬂ?M@QBHL‘UHiSHSLMﬂQﬂﬂiﬂJ

k2 i
Lo |

dufuvseniouinnusie sglasumsanumagunsaliiiuidinsiesvetoyanlanulild
=% o s 1w t Yo ¥ < 5 @ @ 1 = o L

wardeinmssudetoyasdelUaulaiuteyanasuanysal Mmemauadenaniahlndussuy

winveidaudangu wazaiursatilyussgndldnudugunsaifiugiudus laeens

atnuany
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4.3.1 Usuanvaamsldaudesdyaiamiuunsgiu IEEE 802.15.4
FUNBAMANNNINTFIUYL IEEE 802.15.4 agdigrunrudnidanuey 3 g1ua1nud

Aauanslugui 4.5 (5148 lnsguruansansdnnaudRn
d Y o 1w i i o e
1. g1uAiad 868 MHz laeiidnnisiudsdayasgh 20 kops HivesdygrnGeans
1 Yoy
2. grumrwid 915 MHz Taeildnsinisiudsdeyanti 40 kbps Toedyyudes

10 dasduan Tneudazdaafienuanuisnety 2 MHz
3. ghumnud 2.4 GHz Tneildasimissudsdeyanyil 250 kbps fidesdygaboas

€

. ' v =l )
10 TesusazdaslignuaAunn19n 5 MHz

16 Y038ty
868MHz/ Channel 0 Vhanels 10 NN
915MHz
PHY | T

2.4 GHz
PHY Channels 11- ‘3‘6
‘\l,"{

Uit 4.5 ghumnudldaumiuam g IEEE 802.15.4

4.3.2 gunsalluszuuialatewuesiimenuninsgiudnd

gunsainldluszuuiesotnewuefliaenuunsgiuvesdnd svlogauuuuall
wihuaznalnalunisvinuiivandredulauyiie vieguuuunisdendeiniesdglias
e s &

., .

Tagaunsarimsmunsiuuuresingunsaneldldmenisiusunsuldiudaunsal [518]

aunsayvy (Coordinator) L‘TJULVEﬁE!UﬁULLﬂuﬂgﬂﬂaﬁ‘i“’UULﬂiaﬂqﬂ AU

1.
o o w = 1 v o
IANTILNYINUNTTAT NN INYBDURA plvnuIzUUIAT O
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L 174 3 v o o o 1 =4 1 1w o
2. gunsaluvdune (Router) imihiuiiresdnelou viiedwadoya wagyi
I 2 a v o Y & as =
nMsrunIdunnerldveuroduizuuRi et ludilnundus
3. gunsaifildivenreirues (End device) vimidilulnusgaingvsunioss

finszolidwiulfivenseisuiresaneg uavanunsadgluunusendandaauld

d 1 =] 1 =
4.3.3 FUwuumslisudaszuUAT YRR Sl ImenuNInsgwEnd
= 2 o 2 A 1 1< < 1 d 1 2
wmsgintlignimusliansadeusofuszuuesedrglilagannsadeusals
geam 65,535 Inun uagdansadundeudoduszuuiaiatewuuiegldnumiumung

auvasnsiilUldaulasai

1. szuuinietIsuuuIasegn (Peerto-peen) ilunsifausaszuuiaiatnsuuugn
siogaedlvun Snunzniadeudevedesiaiuuuivmnzdmiunsdedelsaeseinaes
o

2. szuumsethouuun (Stan) asdidnvarnndeusovoslassaiendie fuan
navaedekansluziit 4.6(n) ndafedigunsaiwsitng ugudnavnsifendeuuulaed
gunsafildidenserueni wiogunsaidunndun ugunsalgnie syuuafertewuuill
Uselonlfie nafiiesuivig menisansesnluslalmevisduszuuviods fuelifia
sonirhietsyuulnesusachdle uaznisieuuuan s iduwuiitemnnlutiogdy

3. syuuATetEuUUSRUTY (Cluster tree) FaguR 4.6(2) Feiilassadendneiy
fulll na1ade szdsznoulufesvuuiaietsuuuaivategnausaniy Ve nisiiy
szugnslunisdndedoaslilnaiuiisansunquituiildsw uiovervauinvesssuy

= '
WATBUNY

@ =i

4. TEUUATUIBLUULY (Mesh) Ul 4.6(r) Betluinietrefidaladninaig
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unetiefigaiaiedionile lngudaglnunaziluigunsaifunidunie uazgunsaiild
Wousaleuwes nanfe dlvualalvuanislivinau Inuafivdeismsaiunsadeansiu
Inundulalavnsanienunidlvundinaiedug wilsvsennndi wWiedsdoyalunluus
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399 4.1 uasansiisuifisunsiadefeanslianeuuusneg wu 3nd Tl ugys

wag durian dawandliiuihnisfiedefieanslimenuuasguidnd Sauaudfiduiivene

as ° v o & g 1% = 1% aa i
ﬂUﬂ'ﬁ‘lﬂl‘lﬂ‘mﬂutﬂia‘lﬂﬂﬁiuﬁﬁ@'iLL‘LlUI‘iﬁ"IEl LW‘S"IS&J@’]E;ﬂ'ﬁI‘UGWHLL‘UG]LC‘]E)?ﬂ?J'TJH']UﬂT]ﬂ']‘i

= 1 d k24 § i s s 1 2/ lﬂi ‘QI
Anslodeatslianeuuudug MenTn1siudioyagegaegil 250 Kbps/s aunsaiiinsszni

a 1 J o 1 i o o 1 o Y o o
lunsinsedeansls deruanudlidsnldiurainvaieguainud dnvedaiunsntiun

d 1 [ =S 1 o
Wansauszuuasaviele

A1519% 4.1 nsilSeuiisunsfndefioanslianeguuuusiingg

ZigBee Wi-Fi bluetooth IR wireless
11 & 54 _
clata rate 20,40,250 Kbps/s Mbits/sac 1 Mbits/s 20-40 Kbits/s
< 10 meters
range 10-100 meters 50-100 meters 10 meters (line of sight)
very small
networking | Ad-hoc, peerto ad-hoc, peer RETWoTk. Atk peer to peer
topQLogy peer, star, mesh to peer , star My
SRt gos Tz , 24 and 5 GHz 2.4 GHz 800-900 nm
frequency | 915MHz, 2.4 GHZ
battery life 2-3 year 1-3 hour 4-8 hour 1 year
senscr network, remote
typical home wireless LAN; phone, PDA, control, PDA,
applications automation, e EEh l=giep, phone, laptop
internet access handsets

industrial control

links, PC
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(11 quid Auuzdl, siade 9uds. BeufinTedisuazaunsal Cisco daelusunsy

9 1

Simulation. ngamMwavUAT : dninfunlusidu. 2550.

7 &

(2] gl Yundooy, du dueignded, gwad Jundvee. Walan TCP/IP wazlusinaea
Sumaduila. nyuvmaviuas : dwinfanilusidu. 2547,

(3] thaigoodview Inc, “UssianvasszuutAsatieliane”. [Online]. Available : http://
www.thaigoodview.com/library/contest2551/tech04/20/wireless/n05.html

[4] Dell Support. Dell Inc, “tATatnatanisil insatnelSane wWiatneusaauuudindoud”
[Online]. Available : http://support.dell.com/support/edocs/systems/xlob/dtg
/th/networks.htm

[5] IEEE Computer Society. IEEE Standards 802.15.4 New York : The Institute of
Electrical and Electronics Engineers, Inc. 2003.

[6] Sinem Coleri Ergen. ZigBee/IEEE 802.15.4 Summary. 2004.

[71 Atmel Corporation. [EEE 802.15.4 MAC User Guide; San Jose : Atmel Corporation.
2006.

[8] IEEE Std 802.15.4-2007, “Wireless medium access control and physical layer

specifications for low-rate wireless personal area networks”, August, 2007.
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zuuATeYguwaslSaneunsgu IEEE 802.15.4 dwmsu

A359379 wanKa waztunndygruaaulwiiala

5.1 na1aun

di o e s T : 74 i o t &
adulWilile (Electrocardiogram, ECG)  uinudoyafidrfgnisnisunnd
iesanszuunsvinnuesiala (Cardiology Information System, CARIS) WudayadAgydl
Tdusznaunsidedeliaala vialhsedsquagiaaielviunssnunlaviuviaed [1142] Tu

2
a ar

Hagiuneadefnrdulniviledllddulngjzgninasegidssfilhensoufunisuanana
duaruedulddiilacazinisuduiounndninduvesileffeund Feuddnly
Tsmenunaviieaiinsianssuunis nduanaaaulniailed Waunsedsdyyn
aduliinialaveasiaeiialstuszun LAN Wsluuammadiosnanitadaunas (Central
monitor) EﬁéqﬁLmeéﬁawmmaﬂasguaagﬁﬁﬁmm [3145] wifinudaseuusanaaile
Wiy fisrangenn Tninenslussvududiuauinn %J’ﬂﬁu'am‘i%'uﬁ&%aga‘uaa
raulnihlaluanamadilufeuansadiunans Sdatriiussuu LAN fifinadousaszuy
Tneldanedunnsuauann lillasmnuasven urdesimndesdinsndoudedes
By

soiuludnedinudunissidinaus s ssuuedotiaimesl Saedmiu
asafe uanwa uasduiindeyarduluiiwhlanelfuasgumsiinedoansuuy IEEE
802.15.4 [6] ﬁﬁiﬂmgﬂ wazaaninasdnaueduliivilaluuansadiiosuaniua
dunanmdeuiuiimstuiindeyeadulwitwislavesfihewas el ilussuugudeya seuy
diutuodelnslnreadnd (ZigBee) [7] Mldaguusnasgu IEEE 802.15.4 nsdomsi
Hunuulfaneriuneeiuing sliszuuilfadsldieniou dreldazaan omnldfes

midstsmaRuamedyyiu dmiviareiudeyaserinueTesinuwsazaies

5.2 asevngwuweslisedmiuasiadauariunindyanueauluniiala

IassaswasTzuuAs e puetlfavdwmiuaTaiauanina wazduninaaulvili
Wlanlawaunu wansladsgudn 5.1 [8)9] Fauseneumgdiudfiyaeddiu Ae d1u19ash
AnfudagUaearlddianinsaviminfinsiainndulniiile (ECG sensor) Fedmmyn

= a oy o o 1 s s 1w A ar ' P A
aaulwihilaninlavggnuivudsdyaadviningan uddueyanuuudaainuaiety
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t Circuits '
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4 i
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1 '
Router 2 T HoJUaAIHAaIHNATY
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! PICIGFETT] g [EEE 802.154 ¢ 1 IEEE 802.15.4 PIC16FE77
: MAX23 |
- Signal {Zighee module) | | (Zigbes module) | Max232 MAX232
i —® Conditioning [~ i
1 | Sensor -—&{‘
! Clrcuits 3 <::>R:. Tx[*P Rz Tx[*# Rx Tx
! 1§ Tx Rx[®¥ Tx Re[®¥ Tx Rx
_______________________________________________ 1
e H
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L ]
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T T T T g g T B T T TR TT RV TN L el
'
PICI6FS77 IEEE 302154 1
MAX232 1
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|

H

1

1

i -

! Conditioning ¥ ADC

E Sensor i .;s Tx ¥ Rx Tx c:> 3T
dgeiiy 1

: Refes 7 Rx '

H

JU 5.1 laseasnavessuuiimuniu

e ¥ oar
vanlSumsiedaana

R,=250Q

"N +

JIINTB sarlugud | To ADC
RA2 INAT21 - i »
---------------------------- Ay s UAZAIIFY
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5.2.1 daudszneuaniauas

v

N30T 5.1 Inseainvesssvuiasedeiiauduiidndszneuaiausned

1. wueessds YsznouseBidninsadmiunnainaduliinihlaifinl iidgae
3 90 Ao wihendne uenvan wariiderinunn faguil 5.2 Ssdypruiinlioe
gnavludneasyTuusdadyayn (Signal conditioning  circuit) \eUsrulana
ol

2. A1ALIN28RTUS UL asntfleeedygranasisfiTaladann
wuwessdd IneldiensvegBuangiauum (Instrumentation amplifier) lodiuas
INAL21 uarlofiues OPAZL31 Thaesd viwtdllurnasdeunduuuuau e
amé’ﬁuwigwmiwum’mﬁl,ﬁﬂ%uiwiwfwn'laé’ﬂ'nEJﬁ’Uﬂi’nﬁ?Janws Ay
wimwaantefiues INAL21 asgnasiudieesnsesdygyiasuniu

3. mafiaesvesaruiuudsdygiaandurnnsesdyyiuuuuuen (Notch
filter) vhuiflaaneudayinsuniufinud 50 Hz ﬁﬂ‘gﬂﬁ 5.3 guiuisasnses
drygyrausuniuwuulasenedie (Twin T network) [10] Wazdyaiuodnaes
Nﬁﬁ%gﬂﬁéﬁlﬂﬂ‘%Ltﬁfﬂaﬂ’lwﬁﬁy)fuﬂﬂéﬁﬂﬂ%ﬁ’]EDWTU%JUQHETLta%ﬂTm‘Efu (Zero
and span circuit) [11]

4. aefanugensiuasdyanansiluiendivauduasanuduy dgun 5.4

a vquﬂtv o e

it iusulissaudygraueglugig 1-5V

U
5. WesgAudyyaiiinisisedlutie 15 v udfazgnilendgieasulas

<

ee

dnapueutasmuidnea (ADC) wuaa 10 dnnglululasreulvsaass
PIC16F877 ﬁqgﬂﬁ 55 nasanlulasraulvnsa@esviinisUszutananiy
Tusunsuitleiiwueld Aogdsdoyantu lodiwes MAX-232 tewdhgnsruauns
Foansuuy IEEE 802.15.4

6. dwiunsAndedonslias luiiderldlugadng ves USEW Digi Intemational
Inc. AR ULUIASEIY IEEE 802.15.4 Eum il 2.4 GHz (250Kbps) wa
Fondeszuuiaiateuuuamdsgui 5.6 Tnefigudnarsimiihiiuansnanisind
MO ILARIHAEIUNE LLazQﬂﬂ'mﬁ’mﬁ’iﬁmu%i’mﬁ’mﬂmﬂmﬁﬁm@ﬂw

7. veuanmadunafaguil 5.7 axflneufiame Himihinesuteyadyyiu
adulriwhlafldsuanlugadnd twuanwadunsmsnsimaduvesile

wardniudeyaieinduniinsevisalalunends
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12 MQ 12 MQ
o ' ® + o
W VW TulavastlFusued
AINIATUENE N
- . 540 pF LATAINHTU
AUANTINUT
6 MQ <—J
I 1]
1 1
270 pF 270 pF
JUN 5.3 1933N T0eda L UYLev
A119938NT8Y 10 KQ 0Ko
10 KQ AN
. dryeyndniuen ' A
iz 10 KQ . 10 KQ
AN AT o =
100 KQ * b—o
R Tlasasuilasdoyoynns
; = awsanilufanes
(PIC16F877)
UM 5.4 MasuTuruduag gy
+5V. +5V +3.3V
o)
22uF
1 i1 }“‘| IEEE 802.15.4
16 2 .
PIC16F877 1 & (ZigBee module)
sl rf—] N 1
AuduazANgu 3 5
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|25 100 al
26 9 8
Ix Tx

6 |15

F :
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13 14
[I 22u
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o
fAUENAN (Coordinator)

(O gniie (Router)

53U 5.6 S¥UUATBYIUUUAT

2uF[

+5V +5V
(=]
22uF ¢
I_I 11 ] 1
2 16
4 1 PIC16F877
MAX232
Ff | 2NF
5 3
T | ,~PT 8
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Rx Rx Z Tx Tx
) 26
Tx Tx Rx Rx

= = v 2/ cl e [l
JUT 5.7 193s@ndetinaniliany iesuaninadiunas

Memory }je———

Signal
Conditioning
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4. Wudeyaiussnanalsadumhsaiudiiiesenisdsludwisaansuadiunan

daunrsinsadoansiiane

2/
=

i 1.8 = ar o er 1 1
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Abstract

This article describes the development of the wireless sensor
network using IEEE $02.15.4 communication standard for monitoring
and recording electrocardiogram signal (ECG). The developed network
is mainly composed of two important parts. The first part, consisting of
ECG sensor and signal conditioning circuits, is used to measure the
ECG signal and send the measured signal via 2.4 GHz Zigbee module
with 100 meters range. The second part performs as a central monitor
for displaying and recording the measured ECG signals for diagnosis by
the experts later. Owiag to the wireless nature, the proposed system is
compact and also provides the simplicity of installation and movement.
Experimental results show that the developed system can work

correctly as expected.

Keywords: Electrocardiogram (ECG), TEEE 802.154 standard,

wireless network.
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Abstract

This article describes the development of the wireless sensor
network using IEEE 802.154 communication standard for
monitoring and recording pulse oximetry signal (Sp0,). The
developed network is mainly composed of two important parts. The
first part, consisting of SpO, sensor and signal conditioning circuits,
isused to measure the SpQ, signal and send the measured signal via
2.4 GHz Zigbee module with 100 meters range. The second part
performs as a central monitor for displaying and recording the
measured SpQ, signals for diagnosis by the experts later. Owing to
the wireless communication, the proposed system is compact and
also provides the simplicity of installation and movement. Experi-

mental results show that the developed system can work correctly

Keywords:  pulse oximety (Sp0Q,), IEEE 802.154 standard,

wireless network.

L unih

msdadinududivessenFeuludenuas (puise
oximetry) W30 Sp0, lumstauvudeiiiosTaslifinisanam
s1nsvesdiiie Tnedoyaiiialdv: 1dilszneumsiildoviadh
seinmgnmsvmsandeyluben H?Bpfﬂwi‘;mwmmmﬂ’ [
ey osiietant spo, i 1Fdnlnajszgnindeedidudiae
wieuiunisu@ananyia uazimsududeumniinnzairvia
sonFeulu@en tuddiluTsaneraniusiseaiins i
ssuumzinm Spo, Tiawisaderantsai 18 052Uy LAN
T e o auananadIunaa (cental monitor) T3l uundvsa
WoIIaRBURUABYAAIY UAANUTITEILA NG d51a1gaun
waz S nensluszyudhisiuouun ﬁﬂ’ff‘arnﬁ"ueiﬁ’wm‘fq
Fauhurzuy LAN SaderdarsuuTaeléaadyonasunmnn
il ldazainuazsannundesinnadasiimsndaudofon
t%qﬁaé’auﬁumﬂﬁmutgmﬁ’1w%’u%’ijﬁdi’ﬂﬁuﬁi:win

o :

el )
N9 IALADZIATEI8NAY
avjuluumanudfaivauamsiruissuumiedis
wuwed iaadwmiuasiaia ugawma vaziufindeyan spo,
TaserdtIniTnana Zigbee Muldinassiumsandedeasuuy
[EEE 802.15.4 [2] #flsnangn Idudaudt wazgwisodanans
w i w9 i o o = w2 ¥ 3 3y
dalldteamanadaunanvienduinisTufindeyave e
wazsa sz uugudeya iewinmisAndedaainiuwy
. A o de Zyw 4
Bawrumuaauing vildszuuiidadsldiwe maoudeld
azain s hidesdilafimsiAuaodygadinivdade
SudsdeyassnineTavinudazATes

o

3/

2. ngufniaates

2.1 mymmAuduiiveteendiauluien (Spo,)
msiaf1 spo, erFendnmisaaguadunavesd lnaiulu

vasadeauadiuana1any TasfigluInafiufisudnusandou

(oxyhemoglobin, Hb0,) 1zqaduafuuaaduailusaniuen

aau 600 — 750 wilumas Tuvaed dlulnaduflududasy

mstlszgdninaniednanssy i afail 34 (BECON-34) 30 wgalmou - 2 fuAu 2554 wnmAnedodoy

1157




OnTIU (deoxyhemoglobin 138 reduced hemoglobin, HbR) 82qa

A

= ; 4
dunautaidudTusalurinrmeindu 850 — 1000 wiTuwas

g i o o4 - s 2 g
Aegfi 1 3141 Tawerdomisitndunaufunidiuiilasi Ac
4w < P oda oA ' a o w
fodynanduurarnilides lnadwmumsludivoniale
) & = ey CI U |
uag DC Redygruniuudarai hiidea lvadwduhiinisgs
v 4 - . .
FuntuuasduamzududTIse A TUIRdATIEIU (R) V89
w o w { o s e
msgaduaduuIdigumsh 1 udnhidi R Adwaaldn
nffsmiisnwudefidud spo, Fa1ldi 2 [5] Taedi AC,, uaz
. 4 : .
DC,,, AOTQYQIUAAUNAITUAIFIN AC Az DC dIU AC, 1Az

DC,, Aodganuaiuuesdursusalusn AC uay DC awdw

ACxiin e

A T

(D

700

Sp0; (%)

VI TE THY SUE M | N N . P |

4
{060B1012131518202224 26253033234

2.2 M3a981331A35 1M IEEE 802.15.4

WIRTGIU [EEE 802.15.4 (Tumsfnaedoms aeiniuides
msléndanud s1gn 190udite nudedgonasuni nas
ausoneiluszuueiedinld TnsTnaea Zigbee FluTnsIn
ABa (protocol) MHNTOGUUIATE I [EEE 802154 LA E 1150

' & ¥ & 4 a F Y
ﬁﬂl{lusguul,ﬂiﬂ'lnu"lﬁ ’5@11}.1}1‘3?”1““1,3ﬂﬂ:‘.ﬁlﬁi’ﬂ‘"'lfﬂlllu star

De

a4 . T a a Y @ s
a1l 3 Fuflundeteiitilszininmg dissinannsoiuds

ayaludiganuodareniald wieifannndeneveassuy

=

A o . e o 3
Tuundauiam Tasiigudnait (Coordinator) iwiiiiad1anis
A 4 A N a Y daw 1
FomswoulounTenis uazaniie (Rouwer) AoamiINTUa

Y y ' a = 4 o & Y
uaaga‘luzaumammmmmsmw ms:uuwwmuwunﬂ‘wm

75

! o § . @ 1
!!ﬁﬁﬂﬁﬁﬁ?uﬂﬁ’l@ﬂ‘iﬂfﬁﬁlﬂ'Nﬂ"l-ltfﬂﬂ'ld HazIITAIUIAM SpO,
o w4 1
1’]']1’!1-1']1‘1!5111?.}_!‘“{18

Star

- =
— © gudnaia (Coordinator)
O &)

O g (Router)

7UT 3 szuuwsedtouuy Star

1 ¢

3. szumasediazwzas S awdmiuaiaaTanas

o
ot

UuiinA1 Spo, AMannUu
Trseafuvasszsunaiev e Limedmivaiinia
wandra wazuinm Spo, Rianiuudaslddegli 4 3q
iszneudedudiindesdie dwifiaaduinvesdileez 14
B IAT 1959 (probe) AU i A T unduuasdune uas
nauEB s usaudddera i Fuussduna vz ay

noudadoyantuni av1ei3aiouasgiu EEE 802.15.4 Taeld

2
ar [

Tuga Zighee uazdiufdasogiaudainadiunalad

4 " @ a

UsgnoudeTuga Zighee t¥ouAanuno iAo lasaunia
ugaafa Spo, veadiundauduiuiinna 1ilussuugwdoya

- - 4 = vo 4
Az ﬂﬁT'ENEQFlﬂﬁgﬂﬂ“ﬂ\lﬁBQEﬁﬂ'?ﬂ‘lﬂﬂ“ﬂ

oL, AN o LYY S
Siguat [Prciera7y TEEES02.154;
[prols: 2 [+ ADC
Clreuits Tx
Ry
o i

E B o’ i {TEER 502154 IC16FS77
Conditioning [+ ADT : Haoeeiad)

{ Circats o |, T -
; Rx {:} = i T é$

' o e A | ol B

A IEEE$02164;

Sigual PIC16F31] o
moduk)]

Conditinaing [+ ADC i :

Circuits Tx ks 3
=Yg

o4 ) & o &
s1li4 Tnseafevoszuuiiirani

J o <
3.1 ﬁ?“ﬂigﬁ@'ﬂa'ﬁﬂln‘i

w da 3 ada wy
MIZHINTANARAIBgIIRLL 18

=

e [wuwaiAs1in 8931% 5 (M) Usznaudls woada duaq

=

(Red LED) funeasa sudsisa R LED) vmithitdas
AU asldannsnudu W Ta e lenwod
TSL257 51"&;1]17'; 5 (1) ‘Tlﬁﬁ"ﬂluﬁlﬂ’lﬂlﬁfﬂ‘l;ﬂ:gﬂﬂdllﬂgiidﬂ‘i
Usunasdyou

e yausilSuusmidaena st S uusadyanaedwad
Jaldnnwuwes Tasldraarvorsnuunduda (nverting

amplifier) uamwiﬂ?ugmﬁsatmw%’u (zero and span

b i
nmsdsegdmnismiaimngsy il adedl 34 (BECON-34) 30 vgalniou - 2 Sunau 2554 uninedoaenys

1158




circuio) [6] o WazaudyanaegTusas 1-5 v noullowdhyg
ssudasdyauaumeniiudiaea (ADC) vuia 10 iin
meglululasnsulnsamed IMimisdszuanaain
Tilsunsuit l@mmualdioudadeyaitaidignszuauns
Foarr13meaalyl

o dmiumsaadedemsiian luiiiies 19 Tuqa Zighee
¥191UBgULULAAT U TEEE 802.15.4 §1un21uE 2.4 GHz

(250Kbps) Tao@enAess LIATEVI0ULY Star AT 3

AruaAHaT R 8L EAIHATIUAA1

@ f 5 = 4 o B oA w @
® WBITAAIHATIUNATITUABNWIADT NTHUINABYITUUDYA

o 2y s w o 3 d o w
i]'lﬂl.FlH»iEiJ‘lﬂu'lﬂ'll!ﬁﬁlﬂﬁ Liazaalnuyoyalnoulueya

- = a1 a
nauuTIAT Ao 18 luneras

¥

i

m (v

= P o @
519 5 InTa@ i NVBUFUTDIATIVIA

LED Drive

MCU

o o U%*
Signal I
ADC |-

conditioning

0y 47

. »

717 6 Yumaumsiuludunnaia

arududvetsendanluimen

U 4 2
3.2 aautlsznausanvinas
3.2.1 BuasIniannuduiivesesnduluden
71U 6 wamamsiinuvaaldsunsudani Spo, Fau
H o Pr -] o
Jursunmisie ialy 4 Yuneu Al
1) luTavaeuTnsaanfadndyananuguitnizmsaa
AUYBINBADA AIUNTINITTULEA TR aIINARR WLEUAY
' 4 w & o '
et vas llannssnuimruwe fuda dygiuezgnds

g hlfnasliusidyg

.
ar a

& o s 9 L4
2) luTavaouTnsaaes Minmrdndyanudi ldainedua
et funasdyam
3) Mmmsudasdygiwenas niuFynuaiacalasi

ANuaz@ea 10 in

76

4) dszwanadygraaw Tdsunsuidvun 14 Taold
TuTasneuInsamed
o 3

5) luTnsasulnsameivsdidl Spo, Aiald hldadaq

uatnaradIunatru Tus Innoa Zigbee

322 dunisianedeasl¥me

Tuguiiszihums fudan spo, AialdlEndaaaama
@aunanATY T Inaea Zigbee Tﬂﬂﬁﬁuﬂﬂuﬂ!iﬁ'ﬂ%ﬁ!gﬁ Fag1lit
7 uazTwazBondne i

1) sefumsaswedayanindeuaanadiunatidiumm
Ilﬂfja Zigbee

2 TvinsnouTnsamed swdoyafidy I8 luminonnus

3) dedayandulitfemaamadaunat

3 W £

4 'ulaseeulnsawes sefudygrmnsunduaindeq
UAAIHATIUNA 1

53 winlwTasnouTnsawmad i 18T udygramaundunin
Wouanmadiunarmalunatinvua lulasaeuInsamed

¥
wzaadayason linads

. P A A
controller

Tuga
Zigbee

doanaaana
FIunan

P y—L 00 |
3 -,
: av
Huggraaotd
A

gufi 7 Yuasunisiuludiunisiadedfaas 1iae

F)
ar

4. HAR1INABBA
5 Ay 9w ]
mInA@eLANITIaUZ MINITTUeTzu Ui ladaudulugl
# 4 ldiimsasdutiznouden dvieesdueuulugdi 8
dmsuldsunsuaninamis fananiviind Spo, vunine
L2
anuRmes lukewaaradiunats Tuni 1A Tl sunsy Visual
o g .
C# Express MimWadiuuaznaraum i ivesszuy Taalsd
aaadalag Inliinisindyeini Spo, Agate1dnaue114es
WHuudedgyanalupli 4 FawansTauaadtddagli 9 udian
< o ) = S ¥
alfeudeuiunmisuaairauuniiivensy i ne s NHoAULdAIHE
i o = vd 4 o 2
drunatedeglil 10 minmrnaaswaas L hTzLUTRRLNTY
w P w W A w Y a =
gunsanaasnanisinldmdoududygiaitaldidz
dsgnavdonudnusuzynsdynnm AC ez DC AT Taalia

anuAawaalunsTadindt 42 deagd 13 luanswi 1

k4 '
mslszadinsmedmns sy Iviih afadl 34 (EECON-34) 30 warinmey - 2 fumiau 2554 uvmIneidsaey



w0

Verﬁcai seale : 1 V/div
Horizontal scale : 500 ms/div

Grapn

B \ Y

Teccaned

Camnaiet

/ \“\//\’f\

Vertical scalezs 1V /div
Horizontal scale: 500 ms/div

o 3 - P
71l# 10 Tilsunsuugaskavuuvtiisensuiaes

dyone | seaudgenufl | szeudyonai | e
Iy a gy o 3 3 a
7!5‘39\ ']ﬂvl.ﬁ"l']'iﬂ']\iﬂi 19 iﬂi]'iﬂ'ﬁﬂi Hawam
Wuudedyge | yeawa v, (%)
V,.)
AC,., 41 4.0 24
DC,,, 26 25 18
AC, 25 24 4
DC, 1.2 12 0

- s 2 o = )
[SRFRRATINE ll]ﬂ'ﬂ"ﬁuﬁﬂjﬂ’]"uﬂﬂ“ﬁ"lﬁuluﬂ'ﬁ'lﬂ

77

5. aql

o,
A

unarwi Idfannszuund s 3mefiaunsoasada
uanana uaztuiindindwdudiveseendouludonaniy
WAy IUATTAAs TEEE IEEE 802.15.4 TauldTuga Zigbee Ao
fhuaiedouuy Sar #antTmagaynsiauuaad Wy
szup i 1Al nriouedugndeaduldawilg
sonuuylf Tasfidafanaialunisfagega litiu 4% uas
asounquszeznagaaa lumssudadoyaileina 60 wns ¥

Wgsnereniad ld ilussu vl evienialueinns

¥

l|naIe1ded

(1] udunf viyilia “arsianusudiseniiauueadly
Tnatiuninivies ludlug”, aavaaiuningas, 17 24,

mfuns, wil1245-252, 2549,

[2] ~ IEEE Std 802.15.4-2007, “Wireless medium access control
and physical layer specifications for low-rate wireless
personal area networks”, August 2007.

[3] K. K. Tremper, S. J. Barker, “Pulse oximetry”,
Anesthesiology, vol.70, pp.98-108, 1989.

(4]  A.Jubran, Pulse oximetry, Crit Care; 3:R11-7, 1999,

o o 42 o 4 o = A )

{51 Lﬂ'.l-f)qjﬁlﬂﬂﬁl‘]’uﬁﬂ'}juﬂnﬁqﬂﬂﬂ%!ﬂu1ulﬂaﬁ, [online].
available  from:  htp://www bjmmedical.com/nowledge
_detailen_php?knowledgeid=4, [20/02/2011].

¥
[6] 29w sadsia, weSuasnsuadaeed : ngujuay
@ o & 5 d
minlszgna lFluszrunisfanazszuuniuau, Aiudased
7, dninviud @@, unavdadiuma TuTa? (ne-giw

< ISBN 974-44-3103-2, N340 H, 2552,

saife worlates

TegtiumaidnuluszduilSagin
FIVITVIIAINTTUTSUVAIUYY
AusTaanssuedas do1iumalulad
WizIe wNA IR UAMITAIANTEIN
dulsgruniadiunis densizv uaz
00nNUUVTZVUMAIAT (embedded system)

uazina TuTadiuaud

Y »
msdlszyuirnsmeisang sl afai 34 (BECON-34) 30 warfmeu - 2 funaw 2554 wninndoasy

1160



78

b ch C %G CCZG‘I 2 The 27th Intemnational Technical Conference on
J AL A WN N\ Y 49 3 | _/ Circuits/Systems, Computers and Communications

July 15 - 18, 2012 Sapporo Convention Center, Sapporo, Japan

. Messages  QGrganizing Commitlee - Program - Author Index

ITC-CSCC 2012

International Technical Conference
on Circuits/Systems,
Computers and Communications

. Reproduction of the authors’ paper for their
personal use or for company/institution use if

the source and ITC-CSCC 2012 copyright

L ] natice are indicaied and if the reproduction is
ADOBE READER" not made for the purpose of sale.




79

IEEE 802.15.4 Wireless Sensor Network for
Monitoring and Recording ECG and SpO,

Thongchai Photsathian”, Danucha Prasertsom’ and Worapong Tangsrirat”
* Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang (KMITL),
Ladkrabang, Bangkok 10520, Thailand
Tel: +66-2-326-4205, Fax: +66-2-326-4205
E-mail: thongchai.golf@gmail.com, drworapong@gmail.com

T Department of Electrical and Computer Engineering, Faculty of Engineering,
King Mongkut’s University of Technology North-Bangkok (KMUTNB),
Bangsue, Bangkok 10800, Thailand
Tel: +668-5-834-6002, E-mail: danuchap@gmail.com

Abstract— In this work, we propose a new application of
wireless sensor networks for continuous time monitoring of an
electrocardiogram (ECG) and pulse oximetry (Sp0O;) in human
subject. The functionality of the sensor nodes is to obtain ECG
and SpO; signals from patients, process the signals and
communicate with the base station and other nodes. Sensor
nodes communication is based on the IEEE 8§02.15.4 standard by
the help of Zighee modules. The base station receives data from
sensor nodes via wireless channel and sends data to a cenfral
server PC. At the base station, resulting signals can be
monitored continuously and saved in a database allowing the
review of monitored data furthermore, with these data, future
diagnosis can be started. The propesed system has the
characteristics of low power consumption, low-cost, flexible
structure and accurate measurement, and it can achieve the
long-distance non-invasive vital sign monitoring of the patients
in real time. A prototype was successfully developed and tested
to establish the proof of concept. The algorithms have been
tested experimentally and found to be accurate and reliable at
this development stage.

Index Terms— FElectrocardiogram signal (ECG), Pulse
Oximeter (Sp0,), IEEE 802.15.4, Wireless Sensor Network.

I. INTRODUCTION

Presently, a growing amount of data from diagnostic
procedures has become a major problem for the clinician;
particularly, to transfer diagnostic examination from
commercial instrumentation, to archive these data info an
integrated hospital information system, te use them in the
daily clinical routine merged in an overall patient electronic
record, or for administrative and research purposes. In recent
years, the electronic and wireless network technologies have
been improved and their use has progressively benefited in
health care for its potential advantages [1]-[2]. Recent
developments of technology are anticipated to support
healthcare professionals effectively and economically in long-
term care conveniences. This may reduce the cost of health-
care and enlarge the worth of life of the patient while
decreasing the trouble of the professional’s healthcare. The
electrocardiograph (ECG) and pulse oximeter are significant
technologies that would benefit from a wireless network
implementation.

Wireless connectivity has been one of the prominent
technological innovations of recent years, allowing freedom
and ease of access to information. In particular in
telemedicine, which puts emphasis on the absence of direct
contact between the patient and the clinician, wireless devices
are the basis for the development of efficient remote
mounitoring systems, able to provide continuous, real-time and
accurate information on the health condition of the patient.
Due to the actual size of electronic components, it is possible
to integrate in a single board for signal acquisition, processing,
and wireless transmission.

In this work, we present a framework for a wireless health
monitoring system using ZigBee technology. The aim of this
research is to develop a real-time, low-cost, low power
consumption and better reliable wireless network system for
monitoring and recording patient’s electrocardiogram (ECG)
signal and blood-oxygen saturation (SpO;) level. The
hardware and software implementation is based on 2.4 GHz
IEEE 802.154 wireless communication [3]. The ZigBee
protocol is adopted in the proposed system to form reliable
wireless  communication. The results of experiment
demonsurate that the sensor nodes can connect each other and
function net automatically and the system works effectively
and stably in wireless health monitoring.

[I. BASIC MEASUREMENT PRINCIPLES

A.  ECG Signal

ECG signal is a type of electrical signal generated as
myocardial tissues making up the heart constrict and relax
under the regulation of the heart’s impulse conduction system.
Specially, the wave derived from measuring this types of
electrical and biological electric generation using external
leads is ECG. Fig.l shows ECG wave and the various
parameters, which can be derived from ECG for using in
diagnosis and health monitoring [4]. Generally, ECG signal
consists of a P wave, a QRS complex and a T wave. P wave
is formed as the atria constrict, QRS complex forms as the
ventricles constrict, and T wave is formed as the ventricles
relax. The wave that forms as the astria relax virtually



overlaps entirely with the wave generated with the
constriction of the ventricles and is therefore ignored.
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Fig.1 Composition of the ECG signal.
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Fig.2 Absorptivity spectrum of HbO, and Hb
in the visible and near-infrared wavelength region.
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SpO; operation is based on measuring the absorption of red
and infrared light that passes through a patient’s finger by
using light sensors. Hemoglobin (Hb) that transporls oxygen
(oxy-hemoglobin, HbO,) absorbs infrared wavelength (800-
940 nm) of light and hemoglobin that does not transport
oxygen (deoxy-hemoglobin) absorbs visible red wavelength
(600-700 nm) of light, as shown in Fig.2 [5]. Consequently,
today’s pulse oximeters are designed with a 940 nm infrared
and 660 nm red light emitting diodes [6]. During the
heartbeat, blood volume increases and the AC component of
the photodetector’s current is used to calculate the absorbtion
of oxy and deoxy-hemoglobin. This AC part of the signal
comprises only a small component of the signal and can be
isolated by removing the DC component. In the signal
processing’elements of the pulse oximeter, the AC companent
of the signal is divided by the DC component for each
wavelength, as in Eq.(I). As a result this ratio of AC to DC
intensities for a given wavelength, multiplied by a constant
proportionality constant (K) yields SpO.

(AC/DC)GGOHm (1)

SpOz =Kx-
(AC/DC)94GHTH
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A ratio of red to infrared light intensities that roughly
equals 0.5 will yield a 100% SpO, level, while a ratio of about
1 corresponds to 81% SpO,, and a ratio of approximately 2
produces nearly 0% SpOs,.

C. ZigBee

IEEE 802.15.4 wireless standard was developed specially
for remote monitoring and control [7]. The standard defines
transmission and reception on physical radio channel, and
channel access personal area network (PAN) maintenance,
and reliable data fransport. ZigBee defines topology
management, routing, discovery protocol, security
management and includes IEEE 802.15.4 portion. ZigBee is
battery operated and designed for the applications that need to
transmit small amount of data. As a result, the architecture of
protocols and hardware for end devices should be lightweight
in order to achieve lower power consumption.

Star

s

@ Coordinator
O Router

Fig.3 Star-like network.

ZigBee technology supports three kinds of network
topologies, i.e., star (star-like network), cluster tree (cluster-
like network), and mesh (mesh-like network). Tn this work,
the star-like network shown in Fig.3 is chosen for connecting
ZigBee wireless network. This is due to the fact that all the
terminals equipments in the network can only be connected
with the coordinator. Coordinator’s main function is to
establish networks, transmit network beacons, and manage
network nodes and storage information of network nodes and
router. The largest number of terminal equipment can be
connected up to 65535.

III. SYSTEM STRUCTURE

The proposed architecture of the wireless network ECG and
SpO2 monitoring system is shown in Fig.4. The system has
been designed to measure physiological parameters of human,
which are ECG and SpO- signals. The input signals from the
ECG sensors and SpO2 probes are integrated and processed.
The measured results are transmitted over the air using the
ZigBee module to the base station, which performs a central
monitoring unit. On the base station, the data is received
through another ZigBee module and is transmitted serially
through COM1 port to the personal computer. The hardware
blocks are explained in full detail in a following sub-section.

A.  Hardware Development

Referring to the system structure of Fig.4, the ECG sensors
and SpQ; probes are shown Figs.5 and 6, respectively. ECG
sensors generally employ the use of disposable Ag-AgCl
leads that are coated with hydrogel to maintain close adhesion



between the leads and the subject’s skin. The central element
of the pulse-oximetrical system is the SpO, probe shown in
Fig.6(a). It is provided two LEDs, a red one and an infrared
one and a photodiode. Its purpose is to emit two different
wave lengths through the tissue. The red LED emits 660 nm
and the infrared one emits 940 nm. Depending on the level of
blood oxygen a certain part of the light beam will be absorbed
by the tissue, the signal detection will be made with the
photodiode reverse polarized, in photovoltaic mode as shown
in Fig.6(b). A signal conditioning circuit consisting of an
mstrumentation amplifier (INA 121) and a zero & span circuit
is used to detect the ECG and SpO2 signals from the sensors.
The data coming out from the analog circuit is sampled by the
internal ADC of the PICI6F877 with a maximum sampling
rate of 30 ksps and a resolution of 10 bit. The microcontroller
sends the samples through an UART link to the ZigBee
module, which takes care of sending data over the air to the
central monitoring unit (base station).
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Fig.4 Overall architecture of ECG and SpO, monitoring system.
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At the central monitoring unit, the receiving data can then
be displayed on the graphical user interface (GUI) running on
the computer. The program is a user interface, allowing a
report on the current status of the individual. Once the user
has connected to the central monitoring unit, the data are

Zero & Span ToADC
Circait
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automatically updated on the screen, and also plotted on a
time graph which can be customized to show data received
from any of the sensors.

B.  Software Development

Firmware for the controllers has been developed with the
help of HI-TECH C complier. The graphical user interface
(GUI) was programmed in Visual C# Express Edition.
Software development may be divided into two parts.

(1) Sensor Node Design : The basic steps of software
development at the sensor nodes are shown in Fig.7(a), and
described below.

e Original input signal is amplifier and manipulated by a
signal conditioning circuit before being calculated.

e ADC is used to perform the conversion in order to
output data over a digital bus to microcontroller.

e The receiving data is calculated by microcontroller and
also fed to ZigBee module.

e FLASH memory is needed as well to store data for
future processing,

(2) Central Monitor Design : The following describes the
detail procedure of software development at the central
monitor unit as shown in Fig.7(b).

e The central monitor requests the sensing data to
ZigBee module.

= Microconiroller translates the data request packet into
ZigBee frame, and replies the sensing data to central
monitor.

e The central monitor acknowledges the receiving
information to ZigBee module.
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Fig.7 Software development steps.
(a) sensor node  (b) central monitor




IV. EXPERIMANTATION AND RESULTS

Fig.8 shows the implementation environment for our
proposed wireless networking mechanism. The measured
data displayed on the computer screen are shown in Fig.9. In
Fig.9(a), the measured results of our ECG test are shown, in
which the maximum error compared with the standard ECG
waveform of about 8% is obtained. Fig.9(b) shows the screen
capture of the SpO, monitoring program, which corresponds
to roughly a 98% SpO, level and a 60 bpm heart rate. From
the results, the maximum error from the measurement is about
4%. In the prototype experiment, RF transmission using
ZigBee has been tested to operate successfully at 60 meters
range approximately through obstacles such concrete walls.

V. CONCLUSIONS

In this paper, we have demonstrated the feasibility of using
a wireless sensor network to monitor non-invasive wearable
physiological parameters, such as ECG and SpOQ,, of human
subject. The proposed prototype system is able to acquire,
sample and transmit measured signals from sensors using a
ZigBee protocol for its low-power functionalities. This
design will provide wirelessly giving flexibility to the patient
and possibility to access the data at different locations. The
experiment testing results are also given to demonstrate the
accuracy and reliability of the proposed prototype system.
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#include <16F877.h>
#include <math.h>
#include <stdlib.h>

#device ADC = 10

#define CLOCK SPEED 20000000

#fuses HS

#fuses NOLVP, NOWDT

#fuses NOPROTECT

#use delay (clock=CLOCK SPEED)

#use rs232(baud=9600,xmit=pin_c6,rcv=pin_c7)
#use fast_io(A)

#define vbe 0.0048875855327468230694037145650049 // Vref/1023 ;Vref = 5 volt
int ch(3] = {0,1,3};

Hint_timerl

void timer1_isr()
{
ADLESEN = 1;
set_timer1(15536); // (100ms)
++LEDZAEHLER;



if ((Nput(TSCHARF)) && (izeit2s <= 9) )
{

++izeit2s;

}

if (izeit2s == 10)

{
output_HIGH(LEDSCHARF);
ledscharfspeicher = 1;

}

else

{
output LOW(LEDSCHARF);
ledscharfspeicher = 0

}

if (linput(TSCHARF) )
{
izeit2s = 0;

}

#INT EXT

void ext_isr()
{
set_timer1(15536);
izeit2s = 0;

}

void main(void)

{
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int i;
intl6 value;
float volt;
setup_adc_ports(ANO_ﬂAN1_AN3);
setup_adc(ADC_CLOCK_INTERNAL);
printf("\fReady to Send data\n\r");
while (true)
{
for(i=0;i<3;i++)
{
set_adc_channel(ch[i];
delay_us(10);
value = read_adc();
volt = vbe * (float)value;
printf("Channel[%d]= %f volt “,chlil,volt);
}
delay_ms(1000);
}

v.2 visduatuvedusunsudiunanwanisnsiadawaziuiindygramdulniialad

WOILLEAINAGEIUNANS

#region Using directives

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Text;

using System.Windows.Forms;



#endregion

namespace Serialexpample

{

partial class PropertyPage : Form

{

//variables for storing values of baud rate and stop bits

private string baudR="",

e

private string stopB="";

//property for setting and getting baud rate and stop bits
public string bRate

{
get
{
return baudgR;
}
set
{
baudR = value;
}
}

public string sBits
{
get
{
return stopB;

}

set

{
stopB = value;

public PropertyPage()
{

InitializeComponent();
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private void cancelButton_Click(object sender, EventArgs e)
{

this.bRate = ",

this.sBits = "*;

//close form

this.Close();

private void okButton Click 1{object sender, EventArgs e)
{
//here we set the value for stop bits and baud rate.
this.bRate = BaudRateComboBox. Text;
this.sBits = stopBitComboBox Text;
/!
this.Close();

#region Using directives

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Windows.Forms;

using System.|O.Ports;
#endregion
namespace Serialexpample

{

partial class Form1 : Form
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//create instance of property page
//property page is used to set values for stop bits and
//baud rate

PropertyPage pp = new PropertyPage();

//create an Serial Port object
SerialPort sp = new SerialPort();

public Form1()

{
InitializeComponent();

private void propertyButton_Click(object sender, EventArgs e)
{

//show property dialog

pp.ShowDialogl);

propertyButton.Hide();

private void sendButton_Click{object sender, EventArgs e)
|
try
{
//write line to serial port
sp.WriteLine(textBox. Text);
//clear the text box
textBox. Text = "
} :
catch (System.Exception ex)

{
baudRatellLabel. Text = ex.Message;
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private void ReadButton_Click(object sender, EventArgs €)
{
try
{
//clear the text box
textBox.Text = "";
//read serial port and displayed the data in text box
textBox. Text = sp.ReadLine();
¥
catch(System.Exception ex)

{
baudRatellLabel.Text = ex.Message;

private void Form1 Load(object sender, EventArgs )
{

private void Form1 FormClosing(object sender, FormClosingEventArgs e)
{

MessageBox.Show('Do u want to Close the App");

sp.Close();

private void startCommButton_Click(object sender, EventArgs e)
{

startCommButton.Hide();

sendButton.Show();

readButton.Show();

textBox.Show();

//when we want to save the status(value)
private void saveStatusButton_Click 1(object sender, EventArgs €)

{
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//display values

//if no property is set the default values

if (pp.bRate == " && pp.sBits == ")

{
dataBitLabel.Text = "BaudRate = “ + sp.BaudRate.ToString();
readTimeQutlLabel. Text = "StopBits = " + sp.StopBits. ToString();

}

else

i
dataBitLabel.Text = "BaudRate = " + pp.bRate;
readTimeOutLabel.Text = "SiopBits = "+ pp.sBits;

parityLabel.Text = "DataBits = * + sp.DataBits. ToString();

stopBitLabel.Text = "Parity = " + sp.Parity.ToString();

readTimeOutLabel.Text = "ReadTimeout = * +
sp.ReadTimeout. ToString();

if (propertyButton.Visible == true)
propertyButton.Hide();

saveStatusButton.Hide();

startCommButton.Show();

try
{
//open serial port
sp.Open();
//set read time out to-500 ms
sp.ReadTimeout = 500;
}
catch (System.Exception ex)

{
baudRatellLabel.Text = ex.Message;

protected void CalcDataGraphs()
{
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this.SuspendLayout();

display.DataSources.Clear();
display.SetDisplayRangeX(0, 400);

for (int j = 0; j < NumGraphs; j++)

{

display.DataSources.Add(new DataSource();
display.DataSources[jl.Name = “Graph " + (j + 1);
display.DataSources[jl.OnRenderXAxisLabel += RenderXLabel;

switch (CurExample)

case "NORMAL"

this.Text = "Normal Graph";

display.DataSources[j}.Length = 5800;

display.Panellayout = PlotterGraphPaneEx.LayoutMode.NORMAL;
display.DataSources|jl.AutoScaleY = false;
display.DataSources(jl.SetDisplayRangeY(-300, 300);
display.DataSourcesljl.SetGridDistanceY(100);
display.DataSources(jl. OnRenderYAxisL.abel = RenderYlLabel;
CalcSinusFunction_0(display.DataSources(j], j);

break;

case “NORMAL_AUTO"

this. Text = "Normal Graph Autoscaled’;
display.DataSources[jl.Length = 5800;

display.Panellayout = PlotterGraphPaneEx.LayoutMode.NORMAL;
display.DataSources[jl.AutoScaleY = true;
display.DataSourceslj].SetDisplayRangeY(-300, 300);
display.DataSources[jl.SetGridDistanceY(100);
display.DataSources{jl.OnRenderYAxisLabel = RenderYLabel;
CalcSinusFunction_0(display.DataSources(jl, j);

break;

case "STACKED":

this.Text = "Stacked Graph";



display.PanelLayout = PlotterGraphPaneEx.LayoutMode.STACKED;
display.DataSources[jl.Length = 5800;
display.DataSources[jl.AutoScaleY = false;
display.DataSources|[jl.SetDisplayRangeY(-250, 250);
display.DataSources[jl.SetGridDistanceY(100);
CalcSinusFunction_1(display.DataSourceslj], j);

break;

case "VERTICAL ALIGNED™
this.Text = "Vertical aligned Graph®;
display.PanellLayout =

PlotterGraphPaneEx.LayoutMode.VERTICAL ARRANGED;

display.DataSources(jl.Length = 5800;
display.DataSources[jl.AutoScaleY = false;
display.DataSourceslj].SetDisplayRangeY(-300, 300);
display.DataSources]j]. SetGridDistanceY(100);
CalcSinusFunction 2(display.DataSources(jl, j);
break;

case "VERTICAL ALIGNED AUTO":
this.Text = "Vertical aligned Graph autoscaled";
display.PanelLayout =

PlotterGraphPaneEx.LayoutMade VERTICAL ARRANGED;

display.DataSources|jl.Length = 5800;
display.DataSourcesfjl.AutoScaleY = true;
display.DataSources[jl.SetDisplayRangeY(-300, 300);
display.DataSourcesfjl.SetGridDistanceY(100);
CalcSinusFunction 2(display.DataSourcesljl, j);
break;

case “TILED_VERTICAL":
this.Text = "Tiled Graphs (vertical prefered)’;
display.PanelLayout = PlotterGraphPaneEx.LayoutMode.TILES VER;
display.DataSources[jl.Length = 5800;
display.DataSources[jl.AutoScaleY = false;
display.DataSources[jl.SetDisplayRangeY(-300, 600);
display.DataSources[j].SetGridDistanceY(100);
CalcSinusFunction_2(display.DataSourcesljl, j);
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break;

case "TILED_VERTICAL_AUTO":
this. Text = "Tiled Graphs (vertical prefered) autoscaled";
display.PanelLayout = PlotterGraphPaneEx LayoutMode. TILES VER;
display.DataSources[jl.Length = 5800;
display.DataSources[jl.AutoScaleY = true;
display.DataSources|j]l.SetDisplayRangeY(-300, 600);
display.DataSources[jl.SetGridDistanceY(100);
CalcSinusFunction_2(display.DataSources(j], j);
break;

case “TILED HORIZONTAL":
this.Text = "Tiled Graphs (horizontal prefered)”;
display.Panellayout = PlotterGraphPaneEx.LayoutMode. TILES HOR,;
display.DataSources[jl.Length = 5800;
display.DataSources[j].AutoScaleY = false;
display.DataSources[jl.SetDisplayRangeY(-300, 600);
display.DataSources[jl.SetGridDistanceY(100);
CalcSinusFunction_2(display.DataSourcesl[jl, j);
break;

case "TILED_HORIZONTAL AUTO":
this.Text = "Tiled Graphs (horizontal prefered) autoscaled”;
display.PanelLayout = PlotterGraphPanebx LayoutMode. TILES HOR,;
display.DataSources[jl.Length = 5800;
display.DataSources[jl.AutoScaleY = true;
display.DataSources[j].SetDisplayRangeY(-300, 600);
display.DataSources[j].SetGridDistanceY(100);
CalcSinusFunction_2(display.DataSourceslj], j;
break;

case "ANIMATED_AUTO":

this.Text = "Animated graphs fixed x range";

display.PanellLayout = PlotterGraphPaneEx.LayoutMode.TILES HOR;
display.DataSourcesljl.Length = 402;
display.DataSources[jl.AutoScaleY = false;



display.DataSources[jl.AutoScaleX = true;
display.DataSources[j].SetDisplayRangeY(-300, 500);
display.DataSources[j].SetGridDistanceY(100);
display.DataSources[jl.XAutoScaleOffset = 50;
CalcSinusFunction_3(display.DataSources(j, j, 0);
display.DataSources[jl.OnRenderYAxisLabel = RenderYlLabel;
break;

ApplyColorSchema();

this.Resumelayout();

display.Refresh();

private String RenderXLabel(DataSource s, int idx)
{
if (s.AutoScaleX)
{
int Value = (int)(s.Samples[idx].x );
return " + Value;
}

else

{
int Value = (int)(s.Sampleslidx].x/ 200);
String Label = ™ + Value +"\"};
return Label;

private String RenderYLabel(DataSource s, float value)
{

return String.Format(*{0:0.0}", value);

protected void CalcSinusFunction_0(DataSource src, int idx)

94



for(inti=0;i < srclLength; i++)
{
src.Sampleslil.x = j;
src.Samples[ily = (float)((float)200 * Math.Sin((idx + 1) *(
i+ 1.0) * 48 / src.Length)));
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ATANUN A
SHAAUAVUVILUSUNTUATIIALEANALAZUUNN

ANA21UDUAVBIDBNTLAUIULADA

A.1 saduatuYadlUsuNsuAsIdALEAHakasUUinAIAUB uAveanTauluden

uaznsanradaansisans

#include <16F877.h>
#include <math.h>

#include <stdlib.h>

#device ADC = 10

#define CLOCK SPEED 10000000

#fuses HS

#fuses NOLVP, NOWDT

#fuses NOPROTECT

#use delay (clock=CLOCK SPEED)

#use rs232(baud=9600,xmit=pin_c6,rcv=pin_c7)
#tuse fast_io(A)

#define vibe 0.0048875855327468230694037145650049 // Vrel/1023 Nref = 5 volt
int ch(3] = {0,1,3};

#int_timerl

void timerl_isr()
{
ADLESEN = 1;
set_timer1(15536); // (100ms)



++ILEDZAEHLER;

if ((input(TSCHARF)) && (izeit2s <= 9) )
{
++izeit2s;

}

if (izeit2s == 10)

{
output_HIGH(LEDSCHARF);
ledscharfspeicher = 1;

}

else

{
output LOW(LEDSCHARF);
ledscharfspeicher = 0;

}

if (linput(TSCHARF) )
{

izeit2s = O;

}

HINT_EXT

void ext_isr()
{
set_timer1(15536);
izeit2s = 0;
}
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void main(void)
{
int i
int16 value;
float volt;
setup_adc_ports(ANO_AN1_AN3);
setup_adc(ADC_CLOCK_INTERNAL);
printf("\fReady to Send data\n\r");
while (true)
{
for(i=0;i<3;i++)
{
set_adc_channel(chlil);
delay us(10);
value = read adc();
volt = vbe * (float)value;
printf(*Channel[%d]= %f volt *,chfil,volt);
}
delay. ms(1000);
}

A.2 sugruatuYadlUsunsIRsIdananINaLazduinA1auduf v seandauludan

vioauEnINagIunNans

#region Using directives

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;



using System.Text;
using System.Windows.Forms;

H#endregion

namespace Serialexpample
{
partial class PropertyPage : Form
{
//variables for storing values of baud rate and stop bits

LI

private string baudR=""

e,

private string stopB="";

//property for setting and getting baud rate and stop bits
public string bRate
{

get

i

return baudR,;

}

set

{

baudR = value;

X

public string sBits
{

get

{

return stopb;

}

set

{

stopB = value;
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public PropertyPage()
i

InitializeComponent();

private void cancelButton_Click(object sender, EventArgs €)
{

this.bRate = "";

this.sBits = ",

//close form

this.Close();

private void okButton_Click 1(object sender, EventArgs e)
{
//here we set the value for stop bits and baud rate.
this.bRate = BaudRateComboBox Text;
this.sBits = stopBitComboBox. Text;
A
this.Close();

#region Using directives

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Windows.Forms;
using System.lO.Ports;
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#endregion

namespace Serialexpample

{

partial class Form1 : Form

{
//create instance of property page
//property page is used to set values for stop bits and
//baud rate

PropertyPage pp = new PropertyPage();

//create an Serial Port object
SerialPort sp = new SerialPort();

public Form1()
{

InitializeComponent();

private void propertyButton Click(object sender, EventArgs e)
{

//show property dialog

pp.ShowDialog();

propertyButton.Hide(),

private void sendButton_Click(object sender, EventArgs e)
{
try
{
//write line to serial port
sp.WriteLine(textBox. Text);
//clear the text box
textBox.Text = ";
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catch (System.Exception ex)

{
baudRatellLabel. Text = ex.Message;

private void ReadButton Click(object sender, EventArgs e)
{
try
{
//clear the text box
textBox.Text = "
//read serial port and displayed the data in text box
textBox.Text = sp.ReadLine();
}
catch(System.Exception ex)

{
baudRatellLabel.Text = ex.Message;

private void Form1 Load(object sender, EventArgs e)
{

private void Form1_FormClosing(object sender, FormClosingEventArgs e)
{

MessageBox.Show("Do u want to Close the App");

sp.Close();

private void startCommButton_Click(object sender, EventArgs e)
{

startCommButton.Hide();

sendButton.Show();



readButton.Show();
textBox.Show();

//when we want to save the status(value)

private void saveStatusButton Click 1(object sender, EventArgs e)

{

//display values

//if no property is set the default values

if (pp.bRate == " && pp.sBits == "*)

{
dataBitLabel. Text = "BaudRate = " + sp.BaudRate.ToString();
readTimeQutlLabel.Text = "StopBits = " + sp.StopBits.ToString();

}

else

{
dataBitLabel.Text = "BaudRate = " + pp.bRate;
readTimeQutLabel.Text = "StopBits = " + pp.sBits;

parityLabel Text = "DataBits = " + sp.DataBits. ToString();

stopBitLabel. Text = “Parity = * + sp.Parity. ToString();

readTimeQutlabel. Text = "ReadTimeout =" +
sp.ReadTimeout. ToString();

if (propertyButton.Visible == true)
propertyButton.Hide();

saveStatusButton.Hide();

startCommButton.Show();

try
{
//open serial port
sp.Open();
//set read time out to 500 ms
sp.ReadTimeout = 500;
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catch (System.Exception ex)

{
baudRatellLabel. Text = ex.Message;

protected void CalcDataGraphs()

{

this.SuspendLayout();

display.DataSources.Clear();
display.SetDisplayRangeX(0, 400);

for (int j = 0; j < NumGraphs; j++)

{

display.DataSources.Add{new DataSource());
display.DataSources[jl.Name = "Graph " + (j + 1);
display.DataSources|jl.OnRenderXAxisLabel += RenderXLabel;

switch (CurExample)

case “NORMAL":

this.Text = "Normal Graph";

display.DataSourceslj].Length = 5800;

display.PanellLayout = PlotterGraphPaneEx LayoutMode. NORMAL,;
display.DataSources[jl.AutoScaleY = false;
display.DataSources[j]l.SetDisplayRangeY(-300, 300);
display.DataSources|j].SetGridDistanceY(100);
display.DataSources[jl.OnRenderYAxisLabel = RenderYLabel;
CalcSinusFunction_0(display.DataSources[j], j);

break;

case "NORMAL AUTO™"

this.Text = "Normal Graph Autoscaled";
display.DataSources[jl.Length = 5800;
display.PanellLayout = PlotterGraphPaneEx.LayoutMode NORMAL;
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display.DataSources[jl.AutoScaleY = true;
display.DataSourcesj].SetDisplayRangeY(-300, 300);
display.DataSources[j].SetGridDistanceY(100);
display.DataSources[jl.OnRenderYAxisLabel = RenderYLabel;
CalcSinusFunction_0(display.DataSources(j], j);

break;

case "STACKED":
this.Text = "Stacked Graph";
display.PanellLayout = PlotterGraphPaneEx.LayoutMode. STACKED;
display.DataSources[jl.Length = 5800;
display.DataSources[jl.AutoScaleY = false;
display.DataSourcesfj].SetDisplayRangeY(-250, 250);
display.DataSourceslj].SetGridDistanceY(100);
CalcSinusFunction_1(display.DataSourcesj], j);
break;

case “VERTICAL ALIGNED":
this.Text = "Vertical aligned Graph®,;
display.PanelLayout =

PlotterGraphPaneEx LayoutMode VERTICAL ARRANGED;

display.DataSources|j].Length = 5800;
disptay.DataSources[jl.AutoScaleY = false;
display.DataSources[jl.SetDisplayRangeY(-300, 300);
display.DataSources|[j].SetGridDistanceY(100);
CalcSinusFunction 2(display.DataSources[jl, j);
break;

case "VERTICAL _ALIGNED AUTO"
this.Text = “Vertical aligned Graph autoscaled";
display.PanellLayout =

~ PlotterGraphPaneEx.LayoutMode VERTICAL ARRANGED;

display.DataSources[jl.Length = 5800,
display.DataSources|jl.AutoScaleY = true;
display.DataSources|j].SetDisplayRangeY(-300, 300);
display.DataSources[j].SetGridDistanceY(100);
CalcSinusFunction_2(display.DataSources[j], j);
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break;

case "TILED VERTICAL":
this.Text = "Tiled Graphs (vertical prefered)";
display.PanellLayout = PlotterGraphPaneEx.LayoutMode. TILES VER;
display.DataSources(jl.Length = 5800;
display.DataSources|[jl.AutoScaleY = false;
display.DataSources[jl.SetDisplayRangeY(-300, 600);
display.DataSources|j].SetGridDistanceY(100);
CalcSinusFunction. 2(display.DataSources(j], ));
break;

case "TILED VERTICAL_AUTO":
this. Text = "Tiled Graphs (vertical prefered) autoscaled";
display.PanellLayout = PlotterGraphPaneEx.LayoutMode. TILES VER;
display.DataSources[j].Length = 5800;
display.DataSources[j].AutoScaleY = true;
display.DataSources[jl.SetDisplayRangeY(-300, 600);
disptay.DataSourcesljl.SetGridDistance Y(100);
CalcSinusFunction_2(display.DataSources(jl, j%
break;

case "TILED HORIZONTAL™
this. Text = "Tiled Graphs (horizontal prefered)’;
display.PanellLayout = PlotterGraphPanetx LayoutMode TILES _HOR;
display.DataSources[jl.Length = 5800;
display.DataSources[jl.AutoScaleY = false;
display.DataSources][j].SetDisplayRangeY(-300, 600);
display.DataSourceslj].SetGridDistanceY(100);
CalcSinusFunction 2(display.DataSources(jl, j);
break;

case "TILED HORIZONTAL AUTO™
this. Text = "Tiled Graphs (horizontal prefered) autoscaled";
display.PanellLayout = PlotterGraphPaneEx.LayoutMode. TILES HOR;
display.DataSources|j].Length = 5800;
display.DataSources|jl.AutoScaleY = true;
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display.DataSources[j].SetDisplayRangeY(—SOO, 600);
dispLay.DataSources[j].SetGridDistanceY(100);
CalcSinusFunction_2(display.DataSources[j], j);
break;

case "ANIMATED_AUTO"

this.Text = "Animated graphs fixed x range’;
display.Panellayout = PlotterGraphPaneEx.LayoutMode.TiLESﬁHOR;
display.DataSources(jl.Length = 402;
display-DataSources[jl.AutoScaleY = false;
display.DataSoumes[j].AutoScaleX = true;
dispLay.DataSources[j].SetDisptayRangeY(—300, 500);
dispLay.DataSources[j].SetGridDistanceY(lOO);

display. DataSources{jl. XAutoScaleOffset = 50;
CalcSinusFunction 3(display.DataSources(j, j, 0);
display.DataSources[j].OnRenderYAxisLabeL = RenderYLabel;
break;

ApplyColorSchemal);

this.ResumelLayout();
display.Refresh();

private String RenderXLabel(DataSource s, int idx)
{
if (s.AutoScaleX)
{
int Value = (int)(s.Samples(idx].x );
return " + Value;
}
else

{



int Value = (int)(s.Samples[idx].x / 200);
String Label = ™ + Value + "\"
return Label;

private String RenderYLabel(DataSource s, float value)
{

return String.Format("{0:0.0}", value);

protected void CalcSinusFunction 0(DataSource src, int idx)
{
for (inti=0;i < srcLength; i++)
{
src.Sampleslil.x = i;
src.Samplesily = (loat)((flloat)200 * Math.Sin(lidx + 1) *(
i + 1.0) * 48 / src.Length)));

108



109

AMANUIN 3

AaNUAYEIR ladndrdgldudnednusadull



110

1. XBee®/XBee-PRO® RF Modules

The XBee and XBee-PRO RF Modules were engineered to

meet IEEE 802.15.4 standards and support the unique
needs of low-cost, low-power wireless sensor networks.
The modules require minimal power and provide reliable

delivery of data between devices.

The modules operate within the ISM 2.4 GHz frequency

band and are pin-for-pin compatible with each other.

Key Features

Long Range Data Integrity

Low Power

XBee
¢ Indoor/Urban: up to 100" (30 m)
« Outdoor line-of-sight: up to 300 (90 m)
= Transmit Power: 1 mW (0 dBm)
= Receiver Sensitivity: -92 dBm
XBee-PRO

= Indoor/Urban: up to 300° (90 m), 200" (60
m) for International variant

» Qutdoor line-of-sight: up to 1 mile (1600
m), 2500' (750 m) for International variant

e Transmit Power: 63mW (18dBm), 10mW
(10dBm) for International variant

e Receiver Sensitivity: -100 dBm
RF Data Rate: 250,000 bps

Advanced Networking & Securi

Retries and Acknowledgements
DSSS (Direct Sequence Spread Spectrum)

Each direct sequence channels has over
65,000 unigue network addresses available

Source/Destination Addressing
Unicast & Broadcast Communications

Point-to-point, point-to-multipoint
and peer-to-peer topologies supported

Woridwide Acceptance

XBee
o TX Peak Current: 45 mA (@3.3 V)
* RX Current: 50 mA (@3.3 V)
= Power-down Current: < 10 pA
XBee-PRO

= TX Peak Current: 250mA (150mA for
international variant)

e TX Peak Current (RPSMA module only):
340mA (180mA for international variant

¢ RX Current: 55 mA (@3.3 V)
e Power-down Current: < 10 pA

ADC and I/0 line support

Analog-to-digital conversion, Digital 1/0
I/0 Line Passing

Easy-to-Use

No configuration necessary for out-of box
RF communications

Free X-CTU Software
(Testing and configuration software)

AT and API Command Modes for
configuring module parameters

Extensive command set

Small form factor

FCC Approval (USA) Refer to Appendix A [p64] for FCC Requirements.
Systems that contain XBee®/XBee-PRO® RF Modules inherit Digi Certifications.

1SM (Industrial, Scientific & Medical) 2.4 GHz frequency band
Manufactured under ISO 9001:2000 registered standards

e
C€

XBee®/XBee-PRO® RF Modules are aptimized for use in the United States, Canada, Australiz,
Japan, and Europe. Contact Digi for complete list of government agency approvals.
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Specifications

Table 1-01. Specifications of the XBee®/XBee-PRO® RE Modules

Performance
IndoorfUrban Range Up to 100 f (30 m) b.l;{taon?ﬂﬁ ft. {90 m), up to 200 ft (60 m) Intemational
: z | Up to 1 mile (1600 m), up to 2500 ft {750 m)

Outdoor RF line-of-sight Range | Up to 300 ft {30 m) Esradtonal N

Transmit Power Output i 63mW (18dBm)*

(software selectable) 1miW (0 dBm) 10mW (10 dBm) for Intemational variant

RF Data Rate 250,000 bps ' o 250,000 bps

Serla Interface Data Rate | 1200 bps - 250 kbps | 1200 bps - 250 kbps -

(software selectable) (non-standard baud rates also supported) i {non-standard baud rates also supported)
e !

Reoavsr Sensitivity =92 dBm {1% packe! error rate) % -100 dBm (1% packet error rate)

Power Requirements

Supply Voltage | 28-34YV 28-34V
- i _ 250mA (@3.3 V) (150mA for infemational variant)
Transmit Current {fypical) | 45mA (@ 3.3W) RPSMA module only: 340mA (@3.3 V) (180mA for
i international variant)
Idle / Receive Curtent uypmaff | SomA (@33V) SMA(@33Y) -
PowerdowaCurrent | <10pA ER gl ¥ ™~ \\ |
General
Operating Frequency | 18M 2.4 GHz : | IsM 24 GHz
Dimensions | 0.960" X 1.087" (2 438cm P 2 761cm) (- | 0.960" x 1.207" (2 4380 K3, 294::m) L
Opemt;ng-Temp;r'alure -40 tuSS" C lxndustnal) e WA | ’ -40 tu BS“ C [mdus[nalﬁ [ 1T
ot en;;@;m; =0 lgmr:éte; Whip, Chip or UFL Connector, RPSMA g\;gnﬁidr Whip, Chip or ULFL Connector, RPSMA
Networking & Security
Suppaorted Network Tcrpmlogles ' Point lo-pomt Pant—m—mulllpmnt & Peer-io-peer i
gl’;;ﬁ:;:igzsggg ! 16 Direct Sequence Channels : 12 Direct Sequenca Channels
Addressing Options PANID, Channel and Addresses | PANID, Channel and Addresses )
Agency Approvals
Uriled States (FCC Part 15, 24?) OUR-XBEE | DUR-XBEEPRO
Indusl‘ry Canada (IC) 4214 XBEE | 4214AXBEEPRO.
Europe (CE) o - P ETSIEMaxH} dBrm ransmil pcv}er. Uutpui}‘
' fapan . 55& ':}:\'\1052151'11 (Max. 10 dBm transmit power
Australa CoTik - etk

* See Appendix A for region-specific certification requirements.

Antenna Options: The ranges specified are typical when using the integrated Whip (1.5 dBi) and Dipole {2.1 dBi} anten-
nas. The Chip antenna option provides advantages in its form factor; however, it typically yields shorter range than the
Whip and Dipocle antenna options when transmitting outdoors.For more information, refer to the "XBee Antennas” Knowl-

edgebase Article located on Digi's Support Web site

Mechanical Drawings

Figure 1-01. Mechanical drawings of the XBee®/XBee-PRO® RF Modules (antenna options not shown)

& 09 Divi Diternateindd, Tie,
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The XBee and XBee-PRO RF Modules are pin-for-pin compatible.

XBee XBee-PRO : XBee & XBee-PRO
(top view) ; (top view) (side views)
0.299" —= P I ] — M
{7.59mm) | 1 o go0n | o 0.020" zBea-PRG
i {6.53mm) {0.51mm) ]
PIN 1-»(a& i R T 0.031%_ p.110"
° 2 K4 hield-to-PCB
:ﬁmm :\\—‘—PIN o | o.onos so.ozo  \0-7ETM| (2.75mal ,L_ I
e T it S i Rt 03mm 40.51)  0.050"_ | !
PNE R P e Q2] || :
| | T e - b
e o) i i g = il = 3
PIN 10—=|¢ o|=—-PFIN 11 PIN 10-=— ! i | A b
o886 it k3 i . ! .
(22 0omm) i - 0. 160" s b
e 0.560 — ! - 0.866% ] L 0.o7gn _\2-06mm |
124 . 38mm) it (22.00m) i S e l
e 0. 9607 et
{24 .38mm)

Mounting Considerations

The XBee®/XBee-PRO® RF Module was designed to mount into a receptacle (socket) and there-
fore does not require any scldering when mounting it to a board. The XBee Development Kits con-
tain RS-232 and USB interface boards which use two 20-pin receptacles to receive modules.

Figure 1-02. XBee Module Mounting to an RS-232 Interface Board.

The receptacles used on Digi development boards are manufactured by Century Interconnect.
Several other manufacturers provide comparable mounting solutions; however, Digi currently uses
the following receptacles:

e Through-hole single-row receptacles -
Samtec P/N: MMS5-110-01-1-SV (or equivalent)

= Surface-mount double-row receptacies -
Century Interconnect P/N: CPRMSL20-D-0-1 (or equivalent)

s Surface-mount single-row receptacles -
Samtec P/N: SMM-110-02-SM-S

Digi also recommends printing an outline of the module on the board to indicate the orientation the
madule should be mounted.

© 2008 Digi Intermatonal, b
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Pin Signals

Figure 1-03. XBee®/XBee-PRO® RF Module Pin
Numbers

{top sides shown - shields on bottom)

Pin 1-—|

Pin 10—

Table 1-02. Pin Assignments for the XBee and XBee-PRO Modules
(Low-asserted szgnale. are dlstmgwshed with a horizontel line ebove 31gm|.l name, }

“Pin 20

*®Pin 11

uwef supply

1 vee 2
2 DouT Cutput UART Dats Out
3 DIN / CONFIG Input UART Data In
T4 DO8* Output Digital Outputs =
§ RESET Input Madule Reset {reset pulse must be at least 200 ns})
5 PWNQ/RSSI Output PWM Output 0/ RX Signal Strength Indicator
7 PWM1 Qutput PIWM Output 1
8| o [reserved] €= o =P, — Do not cannect
§ |  DIR/SLEEPRQ/DIg Input pm  Sleep Control Line or Digial Input 8 |
10 | e p - §~ Ground
T AD4/DIDF | Either TS Analog Input 4 or Digital uo 4
3T &S (piot Either Clear-{o-Send Flo
13 4 ON | SLEEP Quput | Module Status Indicator
=T "VREF -— Input Voltage Reference for AID Inpuls_m )
s 7{'7 ' Associate / AD5/ DICS ~‘ Either Associated Indicator, Analog Input § DrDlg:’aaI (s}
RETY RTS /AD6 [ DIOB Either Request-to-Send Flow Cmtm{u ;\ﬁalt:;g Inpuléab_%-gital- 10§ |
AL AD3/DIO3 Eter | " " Analoginput3 or Digal VO3
“i8 | ap2roioz. L Either Anaiog lnpu! 2 a?nfgitafuo 2 -
19 T UADf/DION " Either } i dl Anaiag Inpui 1ar Dlgﬂal o1
Tl ‘ADO/DICO || ‘Either " Analog Input 0 or Digital /00

* Funetion is not supported at the time of this release

Design Notes:
» Minimum connections: VCC, GND, DOUT & DIN
= Minimum connections for updating firmware: VCC, GND, DIN, DOUT, RTS & DTR
» Signal Direction is specified with respect to the module

» Module includes a 50k © pull-up resistor attached to RESET

« Several of the input pull-ups can be configured using the PR command
» Unused pins should be left disconnected

© 2008 Digi |/
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TSL257

HIGH-SENSITIVITY
LIGHT-TO-VOLTAGE CONVERTER

TAOSO2SE — SEPTEMBER 2007

Converts Light Intensity to Qutput Voltage

Monolithic Silicon IC Containing
Photodiode, Operational Amplifier, and
Feedback Components

High Sensitivity

Single Voltage Supply Operation (2.7 V to

5.5V}

® [ ow Noise (200 pVrms Typ to 1 kHz)
@ Rail-to-Rail Output
@ High Power-Supply Rejection (35 dB at

1 kHz)

& Compact 3-Leaded Plastic Package
® RoHS Compli;mi (-LF Package Only)

Description

PAGKAGE §
SIDELOOKER
(FRONT VIEW)

I~Ec] 2
GND Vpp OUT

PACKAGE SM
SURFAGE MOUNT
SIDELOOKER
(FRONT VIEW)

Q

1 2 3
GND Vpp OUT

The TSL257 is a high-sensitivity low-noise light-to-voltage optical converter that combines a photodiode and
a transimpedance amplifier on a single maonolithic CMOS integrated circuif. Output voltage is directly
proportional to light intensity {irradiance) on the photodiode. The TSL257 has a transimpedance gain of 320 M.
The device has improved offset voltage stability and low power consumption and is supplied in a 3-lead clear
plastic sidelooker package with an integral lens. When supplied in the lead {Pb) free package, the device is
RoHS compliant.

Functional Block Diagram

Available Options

Voitage
Output

ORDERING NUMBER

DEVICE Ta PACKAGE - LEADS PACKAGE DESIGNATOR

TSLes7 {0°Cto 70°C 3-lead Sidelooker s TSL257
TSLe57 | 0°Cto 70°C 3-lead Sidelooker — Lead (Pb) Free S TSL257-LF
TSL257 {6°Cto 70°C 3-lead Surface-Mount Sidelooker — Lead (Pb) Fres SM TSL2575M-LF

Terminal Functions

TERMINAL
NAME NO. DESCRIPTION
GND 1 Ground (substrate). All voltages are referenced to GNO.
out Output voltage
Vop Supply voltage

The LUMENOLOGY * Company

Texas Advanced Optoelectronic Solutions Inc.
1001 Klein Road « Suite 300 » Plano, TX 75074 « {972) 673-0759
www.taosinc.com

Gopyright £ 2007, TAOS Inc.
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TSL257
HIGH-SENSITIVITY
LIGHT-TO-VOLTAGE CONVERTER

TAOQS029E - SEPTEMBER 2007

Absolute Maximum Ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vpp (see Note 1) ............ R R S e T e 6V
Citputclirent lp < ussvessnism s s e sness s S0 s Reme oy s e s veieess 210mMA
Duration of short-circuit current at (or below) 25°C . ..iiuriiiiiniieiiianaannnens SesiaE e OB
Operating free-air temperature range, TA < o v voceroer et iee e eaeeaaaaaananaanaanns -25°C to 85°C
Storage temperature range, Tgtg -« ceeeeresemnsaasaaa e ar e aaaaaraaaens -25°C 1o 85°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds (S Package) ..........ccoovi... . 260°C
Reflow solder, in accordance with J-STD-020C or J-STD-020D (SM Package) ......... I — c.o. 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permenent damage to the device. These are stress ratings only, and
functional operation of the device &t these or ny other conditions heyond thase indicated under “recommended operating conditions" is not
implied. Exposure to absolute-maximum-rated conditions for extended petiads may affect device reliability.

NOTE 1: All voltages are with respect to GND.

Recommended Operating Conditions

MIN  MAX | UNIT

Supply voltage, Vgp 2.7 6.5 Vv

Operating free-air temperature, Ty a 70 ’C

Electrical Characteristics at Vpp =5V, Ta = 25°C, A, = 470 nm, Ry =10 kQ (unless otherwise noted)
{see Notes 2 and 3}

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
Vp Dark voltage Efy D 0 15 mV
] Voo = 4.5V, No Load 449
Vom Maximum output voltage swing Voo <25V, = 10ke " W v
Vo Qutput valtage Eg = 1.54 pW/em?, &, = 470 nm, Naote 5 1.6 2 2.4 v
@D Temperalure coefficient of dark voltage (Vp) Ta=0'Cto 70°C -15 VG
Jp = 428 nm, see Notes 4 and 8 1.18
. - p = 470 nm, see Notes 5 and 8 1.30
No Irradianoig el )p = 565 nm, sce Notes 6 and § 1.58 i (uiom)
’p = 645 nm, see Notes 7 and 8 1.68
PSRR  Power supply rejection ratio {ac = 100 Hz, see Note & 7 55 dB
fag =1 kHz. see Note 9 a5 dB
oo Supply current Ee = 1.54 pW/cm?2, *p =470 nm, Note 5 1.9 3.5 mA

NOTES: 2. Measured with R = 10 k@ between output and ground.

3. Optical measurements are made using smali-angle incident radiation from a light-emiiting diode {(LED] optical source.

4. The input iradience is supplied by a GaN/SiC light-emitting diode with the fallowing cheracteristics: peak wavelength A, = 428 nm,
spectral halfwidth AX': = 85 nm.

5. Theinput iradiance is supplied by an InGaN light-emitting diode with the following characteristics: peak wavelength )., = 470 nm,
spectral halfwidth ALY = 85 nm.

6. The inputirradiance is supplied by a GaP light-emitting diode with the following characteristics: peak wavelength A, = 565 nm,
spectral halfwidth A3Y: = 28 nm.

7. The input iradiance is supplied by an AlGaAs light-emiding diode with the following characteristics: peak wavelength i, = 645 nm,
spectral halfwidth ALY = 25 nm.

8. Irradiance respansivity is characterized over the range Vg = 0.1 Vto 4.5 V. The best-fit straight line of Output Voltage Vg versus
lrradiance E, over this range will typically have a positive extrapolated Vg value far E, = 0.

8. Power supply rejection ratio PSRR is defined as 20 log (AVpp(f)/aAV(f)) with Vpp(f=0) =5 Vand Vg(f=0) =2 V.

Copyright 2 2007, TAOS Inc.
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TSL257
HIGH-SENSITIVITY
LIGHT-TO-VOLTAGE CONVERTER
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Switching Characteristics at Vpp =5V, Ta = 25°C, A, = 470 nm, Ry = 10 kQ (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
1 Output pulss rise time, 10% to 80% of final value See Note 10 and Figure 1 160 250 us
t; Output pulse fall time, 10% to 90% of final value See Note 10 and Figure 1 150 250 us
te  Output settling time to 1% of final value See Note 10 and Figure 1 320 us
Integrated noise voltage f=dcto1kHz E.=0 200 uVrms
f=10Hz E,=0
V, OQutput noise voltage, rms f=100Hz E.=0 6 wVANHZ rms
f=1kHz E,=0

NOTE 10: Switching characteristics apply over the range Vo = 0.1 Vio 4.5 V.

PARAMETER MEASUREMENT INFORMATION

Pulse
Generator

W

LED
(see Note A)

Output
(see Note B)

VOLTAGE WAVEFORM

TEST CIRCUIT
NOTES: A. The input irradiance is supplied by & pulsed InGaN light-emitting diode with the following characteristics: Ap = 470 nm,
t, <1 ps, fg< 1 ps.
B. The output waveform is monitored an an oscilloscope with the following characteristics: t; < 100 ns, Zi= 1 MQ, G; = 20 pF.

Figure 1. Switching Times
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TYPICAL CHARACTERISTICS
POWER SUPPLY REJECTION RATIO
V&
PHOTODIODE SPECTRAL RESPONSIVITY FREQUENCY
1.6
2 T T T é 8o
Ta=25C Normalized to
B {/\ 470 nm 20
o
/| \ 1 \
1.2 =
4 \ e &
z / \ g N
= 1.0 c 50 i
E / \ o \
o =
B os o /g PN
B /r & \ / \
@ >
£ 06 T w0 N
i |/ 3
0.4 § 20
=
0.2 Y i0
[ o
300 500 700 900 1100 10 102 108 10 10° 108
2. — Wavelength — nm f — Frequency — Hz
Figure 2 Figure 3
DARK VOLTAGE NORMALIZED RESPONSE
Vs vs
FREE-AIR TEMPERATURE ANGULAR DISPLACEMENT
10 1.0
Voo 25V / \\
g 0.8 / \
8 0.8
E 7 e 3 07 ( \
t =3 é ’ \
(] a
g & é 0.6 / \
£ s 0.5
x / \
] B
.r.'li 4 g 0.4 / \
(=] =]
> 3 Z 03
2 0.2 /
1 a1 _.// \
o o=
6 10 20 30 4 50 60 70 -gp -70 -50 -30 -10 10 8@ 50 70 90

Tp - Free-Alr Temperature - °C
Figure 4

Angular Displacement - *

Figure 5
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+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

(Vohages referenced to GND.)

..................... .-0.3Vto +6V
V+ (Note 1} (Vcc -o. 3V) to +14V
VA P +0.3V fo -14V

Input Voltages
TIN

RIN (Except MAXZEO}

TOUT (Except MAX220) (Note 2) L+15Y

TOUT (MAX220)...coeo....... BN " AT
Output Voltages

ROUT -0 SV to (VCC p D 3V)

Driver/Receiver Output Short Circuited to GND.........Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP {derate 10.53mW/°C above +70°C)..842mW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)..889mW
20-Fin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mW

16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ...696mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mW
20-Pin SSOP (derate 8.00mW/°C above +70°C} ..........640mW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW
Operating Temperature Ranges
MAX2_ _AC_ _,MAX2_ _C_ _.ireeriienrreenn0°C 10 +70°C
MAX2__AE_ _, MAX2__E -40°C to +85°C
MAX2_ _AM__, MAX2__M_ .-55°C to +125°C
Storage Tempefature Range............ ..-65°C to +160°C

Lead Temperature (soldefing, 108) ..c..cceeevvvereereeeseeeee. +300°C
Soldering Temperature (reflow)
20 PDIP (P20M+1) ... 3 .+225°C
All other lead(Pb) tree packa ..+260°C
All other packages containing lea (P ...+240°C

Note 1: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.
Note 2: |nput voltage measured with TOUT in high-impedance state, VSADN or Voo = 0V.

Stresses beyond those listed under "Absolute Maximum Ratings® may cause permanent damage to the device. These are siress ratings only, and functional
opetation of the device at these or any other conditions beyond those indicated in the operational sections af the specifications is not implied. Exposure o
absolute maximum rating conditions for exiended periods may affect device reilability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
(Vee = +5V +10%, C1-C4 = Q. {pF, MAX220, C1 = 0.047uF, C2-C4 = 0.33pF, Ta = T to Ty ax, unless otherwise noted.) (Note 3)

PARAMETER l CONDITIONS | MIN TYP MAX UNITS
RS-232 TRANSMITTERS
Oulput Voltage Swing All fransmitter outputs loaded with 3k to GND =5 =8 A
Input Logic-Low Voltage 1.4 0.8 v
) All devices except MAX220 2 1.4
Input Logic-High Voltage vV
MAX220: Ve = +5.0V 2.4
All except MAX220, normal operation ] 40
Logic Pullup/input Current VEHON = 0V, MAX222/MAX242, shutdown, HA
MAX220 ) #
Vee = +5.5V, VaHDn = 0V, Vout = 15V, £0.01 +10
MAX222/MAXZ242
Qutput Leakage Current N——— Vour = =16V o e A
MAX220, Vour = £12V +25
Data Rate 200 116 kbps
Transmitter Output Resistance Voo =V+ =V-=0V, Vour = £2V 300 10V Q
Output Shert-Circuit Current Vout = 0V e i e mA
MAX220 +60
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range 2 \%
MAX220 +25
RS-232 Input Threshold Low Voo = +8V llexcopiMa RN | 06 18 v
MAX243 R2IN (Note 4) -3
RS-232 Input Threshald High Veg = +5V £l excoat IR A2 4s Bell L 2 v
MAX243 R2IN (Note 4) -0.5 -0.1

Maxim Integrated
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MAX220-MAX249

+5V-Powered, Multichannel RS-232
Drivers/Beceivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Vee = +5V £10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047uF, C2-C4 = 0.33uF, Ta = Tmin to Tmax, unless otherwise noted.) (Note 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS
All except MAX220/MAX243, Vce = +5V, no
o 0.2 0.5 1.0
hysteresis in shutdown
RS-232 Input Hysteresis Vv
MAX220 0.3
MAX243 1
; 3 5 7
RS-232 Input Resistance Ta = +25°C (MAX220) 2 = = kQ
| =3.2mA 0.2 0.4
TTL/CMOS Output Voltage Low Lo - \Y
louT = 1.6mA (MAX220) 0.4
TTL/CMOS Output Voltage High lour = -1.0mA 3:5 Vec-0.2 \4
S ingV S ] -2 -10
TTL/CMOS Output Shart-Circuit Current .uur-cmg b alin: mA
Sinking Vourt = Veo 10 30
VEHBN = Ve or VEN = Vee (VSHDR = OV for
TTL/CMOS Output Leakage Current MAX222), OV < VouT < Voo +0.05 10 UA
EN Input Threshold Low MAX242 1.4 0.8 ]
EN Input Threshold High MAX242 2.0 1.4 \Y
Supply Voltage Range 4.5 b.5 \4
MAX220 0.5 2
No load MAX222/MAX232A/MAX233A/ ¥ -
Vee Supply Current (VBADN = Vo), MAX242/MAX243
: mA
Figures 5, 6, 11, 19 MAX220 12
3kQ) load
both inputs | MAX222/MAX232A/MAX233A/ 15
MAX242/MAX243
Ta = +25°C 0.1 10
MAX222f Ta = 0°C to +70°C 2 50
Shutdown Supply Current A
PRl MAX242 Ta = -40°C to +85°C 2 50 .
Ta = -55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/MAX242 +1 HA
SHON Threshold Low MAX222/MAX242 1.4 0.8 \%
SHDN Threshold High MAX222/MAX242 2.0 1.4 v
gL :_SSEF tio Z_ESOPF' MAX222/MAX232Af . i -
VL = i;VOT 2 | MAX233/MAX242/MAX243
s cc=+58V, Ta =
Transition Slew Rate +25°C, measured Vius
from +3V to -3V or | MAX220D 1.5 3 30.0
-3V to +3V
MAX222/MAX232A/ 13 35
teHLT. Figure 1 MAX233/MAX242/MAX243 ’ )
Transmitter Propagation Delay TLL to MAX220 4 10 s
RS-232 (Normal Operation) MAX222/MAX232A/ 15 5 "
teLHT, Figure 1 MAX233/MAX242/MAX243 ' A
MAX220 5 10

Maxim Integrated
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MAX220-MAX249

+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Vo = +5V £10%, C1-C4 = 0.1yF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, Ta = T to Tiax, unless otherwise noted.) (Note 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS
MAX222/MAX232A/MAX233/ 0.5 1
tPHLR. Figure 2 MAX242/MAX243 )
Receiver Propagation Delay RS-232 to MAX220 0.6 3
. us
TLL (Normal Operation) MAX222/IMAX232AMAX233/ 0.6 q
tPLHR, Figure 2 MAX242/MAX243 )
MAX220 0.8 3
Receiver Propagation Delay RS-232to | tPHLS, Figure 2 MAX242 0.5 10 -
TLL (Shutdown) tpHLs, Figure 2 MAX242 2.5 10
Receiver-Output Enable Time tER MAX242, Figure 3 125 500 ns
Receiver-Output Disable Time DR MAX242, Figure 3 160 500 ns
Transmitter-Output Enable Time t ?ﬁ?ﬁiﬁgﬁfmor 1;'1!: — 250 s
(SHDN Goes High) A P ! S Vel B
start-up), Figure 4
Transmitter-Output Disable Time t MAX222/MAX242, 500 >
(SHDN Goees Low) ) 0.1yF caps, Figure 4
T itt t0- P tionDel MAX222/IM AX232A/MAX233/ 200
ransmilter + to - Propagation Delay — MAX242/M AX243
Ditference (Normal Operation) 1PHLT - 1PLAT ns
MAX220 2000
B . S FonDdh MAX222/MAX232A/MAX 233/ 100
eceiver + to - Propagation Delay " MAX 242/ AXD43
Ditference (Normal Operation) {PHLR - TPLHR ne
MAX220 225

Note 3: All units are production tested at hot. Specifications over temperature are guaranteed by design.
Note 4: MAX243 R20UT is guaranteed to be low when R2IN = 0V or is unconngcted.

Typical Operaling Characterislics

MAX220/MAX222/MAX232AMAX233AMAX242/MAX243

AVISLABLE OUTPUT GURRENT MAN222/MAX242
GUTPUT VOLTAGE vs. LGAD GURRENT vs. DATA RATE O-TIME EXITING SHUTDOWH
10 = 11 — B 1 —. a
z b | £
8 L 3 - QUTPUT LOAD GURRENT |5 G 1uroes % 5
6 | EITHER Vs OR v- LoADED ; 5 Ll f\.__..\_F_Lllamm R Ve I e Caps 3
: = W :
T | | = o L fi:.FGAPS L !
b NO LOAD ON £ 574 SO
£ 2 | TAANSMITIER QUIPUTS 2 4 Vg = +5.25V g w
S | (ExcEPT MAX220, MAXZIN) g -y =
= 1 I | 2 | ALLCAPS S
= -2 | V-LDADED, NOLOAD OH V+ 5 7 0.1pF T 74 -4 iy = iy
= 1 e =475y +
3 4 LIpF w1 3 B 2 \t—- 10F CAPS
g A —— 5 = M. B 0,17 CAPS
E == - - 2
e Z Vi LOADED. 140 LOAD ON V- 2 w I A
0 5 @ 15 W 2% 0 0 20 B 40 0 &0 500ys/div
LOAD CURRENT (mA) DATA RATE (k)
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