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EARTH LEAKAGE SENSOR DEVELOPMENT AND IMPROVEMENT
WITH IOT TECHNOLOGY
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Mr.PANUPONG ~ WONGTA

Mr.PITHAN RATTANAMANEEWONG
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ABSTRACT

This ~ thesis presents the design and development of a stray voltage
monitoring and warning system for the flooded areas. It focuses on improving ability
of the sensor to having better precision and accuracy with new circuit design. As a
result, the technique can be used in a variety of geographical areas that influences
problematically with stray voltage or earth-leakage current. By installing the modified
sensor to any floating device such as radio-control ship or drone, the wide flooding
area can be explored remotely and safely. With real-time data uploading to the
cloud server through the 10T device, the stray voltage of the flooded area is able to
monitor and display continuously on the mobile application. The first phase of
project is designing the optimum range of probes and designing effective voltage
measurement circuits using “Instrumentation amplifier" to filter the interference signal
that may result in deviation of measurement. The second phase consists of empirical
model of voltage to distance approximation and AR-based monitoring and warning
application development. This development aims to create safety tool and prevent
unwanted events such as injury and loss of life caused by electric shock during

floods.
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2.1.1 Step potential #3a Step voltage
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Current Voltage
Mechanism needed, mA needed, V AC
Electrical stimulation of the heart causing ventricular fibrillation 100 30
Tetanic contraction (effectively paralysis) of the muscles of respiration 20 6
Loss of muscle control of the extremities: 16 mA for an average man' 16 4.8
Loss of muscle control of the extremities: as little as 10 mA for the most 10 3
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Soil Model
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2.4 Inverting operational amplifier
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2.5 Precision Rectifier
2.5.1 Precision half wave rectifier

- = < v a da !
2995158anszhanuUATIndulaely op-amp waz laleanienisunia Super
] s [} 2/ v o [ Qs d = L7
diode szanmnsnandausidunanasesdlalenls Mdwsudygruniuoumagaiosuinyg

P (YY) a i ¢ Y ¢ i 3 al -l
Mnjudlsusudunafiawnngudnssiueminavzdandugud Tudnnsd

A s 0 1 s 1 1 s v a s 1 .
LlJE]LL‘NﬂuyﬂﬁﬁaEJﬂ')'l@‘ugLLiGﬂuLaﬁﬁwmﬂSﬁﬂ’]mﬂﬂULLSQﬁuBUWWQmﬂUﬂW gain

R,
WA
N
1
D,
R,
N
v ot
N D' o
— *
RM‘

—
—

g‘dﬁl 2.12 Precision diode, Op-amp half wave rectifier

0.0¢
0.04
0.02

Q0.02
-0.04
-0.08

P v v = o A A o W o)
U 2.13 nsmifildanieseanuunsenduiiie gain whiumnil



15

2.5.2 Precision full wave rectifier

-
2

Az L+

ingli:

3‘1]171. 2.14 Precision full wave rectifier

P d n‘ =l [ N, 4 =
199545 89NSELALUURNAAUNISENTA Precision full wave rectifier LAAR1NN1T

FAUNUVDIA YU IU 2 deyayeu A

s

2.5.2.1 dyeyindBunanduia Ao dyey1mudunniid2995 Inverting

@

amplifier fsns1verewiniv -1 lansmdyyudsgy

Vrect1

'
......................................................................................................................

006
0.04
0.02

0.02
004
008




16

2.5.2.2 duyrndBunaeng Precision half wave rectifier waauutn
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2.6 Instrumentational amplifier
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2.9 Internet of Things (IoT)
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IBM model for the Internet of Things

controlled or viewed, and they

“Things" can ba remotaly
can send telemetry for analysis.

network (CAN) in connecled cars,

This may be a controller area
a local network in homas, etc.

Most “things" connect 1o the intemaet,
axcopt for powear grids or classifiod
govarnment systems.

Cloud services provide the repository
and access conlrol betwean the
“thing™ and its controlier.

Grapbic 1. IBM model for the Lnternet of Things
Souce IBM X Forrei Resaarch 70 Develogmeot

gﬂ‘ﬁl 2.23 Network Layer 994 Internet of Things
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a wa = 4 = = @ a va P © [ =
sruudguanisayng(Linux Kernel) @e1dusguudjuan1sngnesnuuuu1 il uinios
= € a J - 14 a wa . .
L«U%Wnaimwwmmaaamwa‘lwnmﬂL"ﬂmz‘uwg*ummwuqﬂmcﬁwnw*\ (Mobile Operating

System)

ooy waadntou U w.a 2550 ui¥niia §refsaunu OHA (Open
Handset Alliance) Lﬂuwﬂ’mmuﬂaN’Lumsﬁmummmgmﬂma Y03UNISlNNWILAE
sruuUfuianisuaunsesd faudnludarsdeudansdiuau 34 918 Usgnaushouiemtuii
fuflugsiadumsdeans wu Tssmunangunsainnm, Uismiauilusunss, glduinnsdoans

v e

wazgnanervdgunsalfudeans 9y aideunatan U wa 2551 Vs giialdashilede
fusnildszuuufianisueunsasd S4ed1 T-Mobile G1 w3odndofe HTC Dream Tngld
stuvUfuinisueunsosdsu 1.1 uasndsaniuldinsaunszuuditRniadudiiu deulsd
nseennaniuIINUITANegeBnIINININY AuMSRNYBSEUUUfTRNSULBURTEEA 71T
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2.10.2 Usstnvuasyngansas

d‘ L2 % a Y o a £ s W a [} =l o
\esnnnueuasesn (Android) Waliinaundnlug siasuadulavillidwmwn
1NUaEA8UNDITHAAUAUULIUSU WaLaS1LDUASRUN MUILUURTUUDIALLDITY @115 00US

Ussinnusduaunsesmeaniaiu 3 Useinnassaluil

1. Android Open SourceProject (AOSP) LﬂuLLBUQiaUﬁUSSLﬂWLLiﬂﬁQLﬁa Wa

Wianunsadlufesslugunsalingg lilaslddesdsnldany

2. Open Handset Mobile (OHM) 1Huusunsoosflasunisimuriaufungs
udtmdrangunsainnm AidrsrudugiAaluiie Open Handset Alliances (OHA) Ustmwaniiae
WaunwounsesdluLuvaturemueenun Tnagusne mananws uagiaddunisldau
Wuwendnual uaeiidvanfiduvesnu uaglésuanslunisiivinaiasusneg NANLAa e
Google Mobile Service (GMS) uu3nasiasufivinliuaunsessivszandain Huluniy
UTEAAUBBLATOER Win13xlE GMS tu franasfasinnismaaeussu uazwaey iy

= 1 = o dl o 1
nanfianau Jwzdiasenndmiela

L3 v e o

3. Cooking %39 Customize [UulpunsosaninWaute swaduatuanumas
fnaq iuTulunvvatuvewmues lngavssainisvandendnsnislduugunsal insosnoudeay
awnsainadle waunseednvvifeludsuaniiianuaunsainfiaawifigunsalingaatiueg

sgsasfulanaglaumsuiuusisliidniugunaainug angldnusss
2.10.3 Ipseainavesseuuluinisuaunsess (Android Architecture)

gneenuuuiludidulagusasdudasionld vinisanduiiegdiiniien
seAuTUILe Balasadievesseuy avgnuuseendu 4 du fie Judynd wesiua (Linux Kemal),
ulausn3 (Library), Funeundiadu isuiisa (Application Framework) wagduiaunaiadu

(Application)
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APPLICATIONS

Home Contacts Phone Browser

APPLICATION FRAMEWORK

Activity Window Content View Notification
Manager Manager Providers System Manager

Location
M er

LIBRARIES

Media ;
Manager Framework SQLite

OpenGL|ES FreeType WebKit

LINUX KERNEL

Display Camera Bluetooth Flash Memory Binder (IPC)
Driver Driver Driver Driver Driver

usBe Keypad WiFi Audio Power
Driver Driver Driver Drivers Management

= ; a wa
JUN 2.24 lassainsvesszuuuiinisuounsoss

1. Fuuanndindu (Application) \uduiieduugnuetlassairsaniia Android

1 L4
(=3

Faudrvvosenndinduiiauntunilda wu wenndndusu/dedug, Ui, uiui, s1e%e

ganre Wuiu Jwenndindusgluguuuulva .apk

2

2. Funannadtaduinsuiisa (Application Framework) tuiiazeygy1alv
UnWmuansadsenldaiu Ineniu APl (ApplicationProgramminglnterface) @3 Android 161
sonwuuliieanmugdudoulunisleaiu applicationcomponent Taaguiidsznoudeuon

NARTUNSUISARaT

1) ViewSystermn 1 uduiildlunisavaunisyiranulunisadisuenwdindu wu lsts,

grids, textboxes, buttons Way embeddablewebbrowser

[

2) LocationManager \{udufidnnisiigsiuasiumniavediaisagunsainnwiindeud
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) ' [ Y oot W e ] ' w
3) ContentProvider Lﬂumum‘nmuqummwmﬁuayjawun'\'ﬂmmiwﬂu (Sharedata)

1 = s eJ I e ] 2/ o 1
FEWINUDWWALAYUNLANANAU LU magaﬁmmma (Contact)

' Y | i 1 2 |
4) ResourceManager WWuduiidamstayasiag Aldladuvedldalusunsy wu gunm,

localizedstrings, layout #sagaglulaiiaves res/

: 5 | P al € ' o
5) NotificationManager (lugiufimunudiaug (Event) fineq fuansuulouanuy

i =l Yo W L L7 v < L9
(Statusbar) wu ’Luﬂsmmmwwammﬁaawﬁluiéfimmsmmmtmauauf] Hudu

6) ActivityManager Lfluﬁ"mmuau LifeCycle vaauanwnalatu

@

I - 4 4 9 | = a o Y A o
3.4ulausn3 (Library) Android lasausaunguuaslaus3aiey fdadnylinnueg iesiusaiy

<

=} o

ot LY s 1 1 s o/ i A=I o 1
agamnlinutnwaulazeson1saLlUTINTY Medrsweslaumindifyidu
1) Surface Manager Aslaus 3dnn1sdlrniansnaninuainsalunsuaunsfneia 2
aa oy ) —r— v o o q v v o 1 a ¢l v
way 3 4 nuewndadusineinmenu viliaiunsaasaeniila i Julainuemealidna
walel
2) Media Libraries Aalaus3ninmssuuimslumsiauuazduiindss e uazgunm

Tuwasuunenes 1wy MPEGE, H.264, MP3, AAC, AMR, JPG Wag PNG 1Tusu

3) SQLite A Database Engine MiluszAnsnmuazawIadn ealiauisadaiudoya

Anequosnenwalatuliluguuuuresgiudaa

4) Webkit finlausiiflduanailonniiving Faduinferiuildlu Goosle Chromeuay

Apple Safari saufiaiuusnigesiuiie iPhone wasilofionsyna S60

5) Android Runtime Android Runtime Usznaufaae Core Library d1%5U01912177
wag Dalvik Virtual Machine Tuluuvssleunsesngnosnwuuuidmsugunsalnldlniien

wuamesLazinienudndin lulsuasedtuusaruonndindusssusglulnsiva
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o = & s 1 s QY.J’ 1 = H.I) s 1 A
YoILeuazll Dalvik VM v03dtedegain AnlulAnvasudazuanniinduazsuagly VM 7
wenfiu @193 Core Library 1Uu Java Library daulngazimiioudulu Java Standard Edition

SRy = v 1) = 1
(Java SE) Mldiamnuennainduuu PC udunlausindlu Java SE aslifiluweunsosd
v 5w 3 . . & X L] a | 1 a ot
4 Fuueunseuaiulni (Android Runtime) Fuflavilutudosfignuiisintulaust’ eay

Usznoume 2 dumvan Ao

% 4 . ! & = v - w
1) DalvikvM (VirtualMachine) d@quilgnifigualsniwl Java waldianizaisldauly
gunsaitAfioul DalvikvM 9zuAna1991n JavaVM (VirtualMachine) @@ DalvikvM 9z 3ulnd
= i@ ¢ h da vl )
dex ninaulwdn1ainlng .class wag jar lned tool A3 dx muthilun1sdudaraia Java
u‘j é" 2 =l @ at L3 l = 1 a] 2 L
Welllne .dex azlivuinnsindauazmuizauiugunsallafiounuinnin class Liofaanisld

o d 1 = =
Wﬁﬁx‘i’]ﬂ'ﬂ’lﬂLL‘Uﬁlma'ﬁaﬂﬂﬁﬂi%ﬁﬁ‘ﬂﬁﬂ’]wgdﬁﬂ

2) CoreJavaLibrary dyuthiulausiuasgiu windlmmuansisainlausisues JavaSE
(JavaStandardEdition) Waz JavaME (JavaMobileEdition)

=l 5 (3

ayndiApaua (LinuxKernel) s¥uUU Android HugnasauuiuguuedssuuyfUanis Linux

9

5.4
Tnglutuilagiiiandumsiaunaiss) @ ualagduuinudazsierdesiuasaunslnenss 1y
N139AN1INUIEAINTT (MemoryManagement) N153ANTS LNS LU (ProcessManagement) N3

= ] - 1 hy 8/
\WounaLATatne (Networking) Wugdu

2.10.4 PIAYTLNOUVDILDUATOUAWDNNALATY (Android Application

Components)

2.10.4.1 Activity (User Interface) fio Aiildlunisuanina sonuitaly

fldaulaiiu wagle 19 Inaluuray Application Wi 0199ed activity 1ie7 n3e wale

=1

activity Al viee1agladl Activity aeflél uasdefiatlu activity YuauiSondn view Feiiloglu

Mau3UWUU WU buttons, text fields, scroll bars, menu items, check boxes uagdue)
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. . - < 1 d 1=l
2.10.4.2 Service (Service Provider) Ao daufilafinsuanina Tnoidu
msvhauludnwagiinmas (Background Process) fin1svieusinge iy Andesudstayariu
& o ' a ¢ v o | o & Y s =
TEUUIATENY AMUINAIMIAGRmmans udvitnsdawadnsalaludsdiuues Activity

t 4 1

. . | oo

2.10.4.3 Broadcast receiver (Data Provider) fia AUNIVVDYAIINAIY
1 o w W o a | = 1 a o a Ay v
Aquaziteyamartuinsiiumsdelaglifidiunanina 1y Weilareidn Welldeauidn
P a e Y ; ° vy Bz < v %)
\euunme3en Wudiu Broadcast receiver azyinsiSenlddau Activity iivouanawaliiugld

[IPR s ' o ) @ - '

vialsunlddsiiiFond Notification Manager louaruansmadunisdygranfieulusiuuusiieg
Wy Msdu mMsdades Innsensu 1Wudu

2.10.4.4 Content provider (System Event Listener) A® ﬁuu‘uaqn&jn
%) d v & a o P o a o 4 ° v o 2w
Toyanassiulpousnndiady tieliuenndindudugaiunsathlldle lnenisdaivdeyaves

4 o ) < 7 . =
content provider uu%ag‘tuaﬂ‘tﬂmwm w8, 37uTaYa SQLite Wagoue)

2.10.5 Activity Life Cycle fie druiiimihnlunisadrauarauaunisvinanees
w10 Lﬁamaﬂﬁﬁ’mﬂ%mu T,mH’Luﬂﬂﬁﬁwmazmmmmau‘[ﬁﬁu@“ﬁ'mulﬁﬁmm%u’m 1 Activity
LiannsaflazmeuTiflasnany qActivityld wae Activity usiazsnil Life Cycle uvatmuiaslng
wUsanuzlasail

- Running \Wuanusdt Activity figavie

- Pause (uan g Activity vganisvinaudansa wAdiAsUARIHAULTIRRDY

- Stop 1Wuanusdl Activity nganisineu

- kil Hudanugit Activity gnaulasiile Activity aluaniuy Pause w39 Stop

LANNINAU Activity 161
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onVisible()
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e

onBeginlnteraction()

onPrepareToDisplay()

The activity
comes lo the
(Another activity comes |
|_in front of the activity J
v \'_T_”_"——“_"_“"’_
comes o the
onPauselnteraction() l foreground

(The activity is no visible )

onlnvisible()

4___1___

1.]17; 2.25 Activity Life Circle 9849 Android

a o %) o | o a o 2
onCreate(Bundle) Fenldifiofinasasne Activity aseusn iludddnlunisadimiiaenis

YaULaENITATUANATNY

= v A ,, P Y = &
onRestart() \Fanldndanni Activity agluaniug Stop iieliinduinldausnais

onStart() Isenlgnelw Activity 13unIsuanIKa

v o - P ) o v
onResume() Senldifielit Activity iegluaniug Pause ndunvinald

=i 2/ EJ i o .. °l/
onPause() L3enlgilafamnisneanisvinauved Activity 49A5717

onStop() ienldiilanaansuean1svinaues Activity

onDestroy() 13unldiilafain1sau Activity uazéiail method #idAwdn 2 i fie
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=l 1

onSavelnstanceState(Bundle) a¥gni3enfiau onPause() iitaiiuaniugsine aaq Activity 1314

Y

[
o

= =Y o

bl Activity Ul@lﬂﬁUﬁJ"l“ﬂ'N’mElﬂﬂiﬁ
= 1 d] o 1 oo

onRestorelnstanceState(Bundle) aggniisnnou onResume() LNBUIANIUEA9Y VDI Activity

=l )
AAvl Il

2.11 Android SDK

sWAILT Application Android Hugedldnw JAVA Tunisideulusunsy Tae
Fosiin1shnmsduiaiuiiiidodn ADT wie Android Development Tools FaLfudautasuilaly
nadeulusunsauas Taedlusunsy Android SDK Wulusunsuiisusulavnasmenfisiiuse

L%

o = n') = = °© a e ¢
NITWAUILDWWALATULAZY Emulator ‘Wﬁ?lﬂ'ﬁﬂ"dWGENSS‘UU"U{]UQH’l'iLLBUﬂ‘iE)EJﬂLWﬂl‘U'V]WﬂE]U

vyvda

a o - P a o o & o
wennalAtuLauATaEAla Android SDK IWulusunsuinieussm Google virduielvignday

Y

1

aulaluniswannwenndndu aursoanivasluldwmuinenndpdulalas luidoa e way

& : o L34 o e 4# a ) - asfl 1
mumgnailvilileunsesmlusyuuUfiRnsifiuenndinduiintuogesins

2.12 szuvatuayuauaualou (Augmented Reality)
g = 14l i a

Augmented Reality 138 AR tJuwmaluladluiinarumerlanuvsaudu 354
(Real) 1ifiulaniailou (Virtual) Hugeaiuasuazgunsaliiousonieg Geasildamiimiulu
senmnaneduing 3 ifaevedmionuiiese walulad AR udalu 2 Usziom Tdun wuuild
Awdgdnuainasuuuildssuufidalunsiieseideyaiieastedoyavulanaiiousss delums
windiawaanwdgydnualnld azlivuionin “Marker” w3ae123zi38n91 “AR Code” Ald Tngld
E [ as q' ¢ ¢ 2/ | L] (Y fal o Ve
nasaiuuatlunsiunw WeveruainisldnusgUszananagunmmedgyanvaliidmual3i

szuaastoyanmamilangnisyliluldsunsulviiig israsnsafivsnyugamiivsinglavn

Arnaviseseniiviyuls 360 a9A
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d s 1 k73 s @
JUN 2.26 Medrnisldsyuuaivayuauasailou

2.12.1 nanmsuesssuvatuayuAuaTaaiiou (Augmented Reality) wuafin
) s A a oA W oAl | & a =y
vanveumalulagiadousss Aemasiwuinaluladina e lanuiianudusduazauaiou
a v W [V < s ¢ o Ny | 2 a ¢ ead &
239 WM AUl ure WAL SUargUN IRl TaNABAINY LYY LIVLAN AONNIADS TogUnIaidun
< =t - a o ' v = ¢ Iy ) a <
\Netoe Fanmiaiiouaiatuae uansaiuntvensuinaes wivelvsdnilatie uun3os
2180 MIoUNRUNSRLARINADNY Inenwiaiiauate Usingiuagiiu jduiusiuglalaiudg
o (Y] d g a aa < <4 & 4 da o .;;.{ [
valudnwaeluniw deanudiil wedoulns nieenvasiliudoniidususenau Juiunis
panuuvdsunarzuuuuitiiesnuiuuula Inensruaunisnieluveunaluladialiousss

Us¥Naunie 3 NSEUIUANT bAkD
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Marker Positions in images

= s . a a =1
E‘U‘VI Pl [ NaNNITVNTEUUAUUAUUAIINIIUEANDY

1) M53AsIERAIN (Image Analysis) Wudunounisdum Marker aannamdildannaes
uErduduaingruteya (Marker Database) fifinsiiudoyasuinuagzuuuuyes Marker tilo
YINIATIERURUUYRY Marker N153LA18%A W aursakuslalu 2 Usean laund ans
Ansizinmlaeonde Marker 1Wundnlunisviiaiu (Marker based AR) wazn1siiasizinmiog

2V s 1 A _
Tddnwaigsngg Moglu A mundiaTest (Marker-less based AR)
2) NMIMUIUAIILNULT 3 315 (Pose Estimation) ¥4 Marker ifiguiunaas

3) nsgUIUN1TATININARIIA nlumaatuili (3D Rendering) Wun1sifiudoyaidly

=

Tunn Taeloardurds @9 3 46 Newalaaulaniwaiiouass

2.11.2 p3AUsnoveRIsTUVANUAYUAIINATLALaY (Augmented Reality)

Usenausme

1) AR Code 38617 Marker lglun1simunsiunisvasing

= = s as

dl ¥  ad Y & v o e o o
2) Eye %38 naasinle napsiuuan nasslvsfwiiede e fdu Sensor auq ldues

AUMITed AR Code umdstoyaid AR Engine

3) AR Engine \Jusdsayaiiduldrudeenduisuiodiuusyunana iouanadu

Mnsald
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v = o - . i
4) Display w30 oudnwwa \eliiunatoyail AR Engine dwnlvluguuuu vosnm
A oA A o ad o v 2 [ o € al
niw 'Jaﬁa‘lﬂiﬂﬂﬂ?ﬁﬁuﬂ LINAUNTOTIUNGDY AR Englne LLae 30N L‘U'lﬂ’.]ﬁﬂuﬂluqﬂﬂ'imma’l

1 . L3 d‘
1y InsAwvidletio Wsodu"

2.13 Vuforia
Vuforia Ao genAuIsunanvasudmiuiauieundindussuvatuayuniny
a & ’ Y a @ s o <
3uailou (Augmented Reality) Inggiiwauueunaintusyuvaivayuninuasaailouaiunsa
- ¢ o 1 = =l ] o o v a as g L o=d
Winilaidunisusznananisgadluieyndindulalagde Wevliweundnduaiunsaiuslads
sUn v ingualtananaoaniiulanuiinuduasdle unanwesuVuforiaaiuayunisimu

waundieduaiuayunudiuaiioudmivaunsal Andriod , 10S uaz UWP

vuforiar

JUil 2.28 Vuforia

5 = A 7 Y
2.13.1 Vuforia Target Manager 1utaSasiienvaslunisadrsuarinnis
F1uY93aves Image Targets Inuveauladlagatunsadmuanisitnienisianisgiudeyala

K1Y license keys Vuforia atiuayugiudaya 3 Ussuandmiuiiu Targets

1. Device Database U local database %94 Image Targets ©58 Object Targets R

iveglugunsalvesdly
2. VuMark Database 1/u local database 4849 VuMarks %ﬂLﬁU@gTquﬂizﬁwaﬂcmﬁ

3. Cloud Database Lugiudayauas Image Targets Aiuliuuusaulay
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< . LY o a <

2.13.2 Image Targets Aa3UAINA Vuforia SDK Tdms1adunazinniulngd

;’ U A 5 = = 1o L I w v =] ! i
E‘Uﬂ’]‘wu’i}wﬂ%‘lLﬂ‘i@x‘i%h’lEJLL‘LI‘UC’NLﬁﬂ..lﬂ’e]lllf\]’nﬂumBQE}QIUEULLU‘U‘S‘Mﬁ‘ﬂm&ﬁ‘b‘liaQR Code umagly

s

@ v ar H] = P
Wugdnmladld SDK sgasadugunmdudisuiisuivguamlugrudeyailonsiany Image
ar a1 '

v o = q!:: " i
Targets Wa? SDK %smm‘smmmmmwuumwmma&wmu‘uaam‘waglmgmawaqnﬁaaama

Poenilidlu

2.14 Unity
. a = A =g v v A | . = v W aa
Unity e 1aesllafildasnaunumionizanin Game Engine ¥sldasrany 3 9#
n3anud 2 45 TUsunsu Unity @1u1savinaulduu 2 unaawasufio Window waz OSX uae

@130 Export Nuiiiotluldlduanauwanweduiy Window, OSX, Android, 105 1lusiu

2 ' . v 1 o a o =
Unity 9gueeynead1ailiu GameObject lidnaziludulil Aousiu viedni Tned

GameObject 9£¥191U43U U Component @9zl GameObject aunsalraaulninsailas

<unity

sUft 2.29 Unity

U

\aeala

2.14.1 d@wlsEnauves Unity
1. GameObject Aadngenaqieglunud 1wy sa, &0, Ay, U, Aeuiiu 1Dudu
2. Component ABAMANYMENIOAINAINITOAIY Yad Object 19y nsiedeulul, N3
1 =l [ £
aqdes Wuau

3. Asset fD AUANWENBUBNTIETUNTSYINIULBY Component
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4. Scene A9 AMNWFAZAINTNUTZNBUMIEY Game Object a8 9 AasINAU

2.14.2 duvsznaurealusinsy Unity

€ Unity 2017101 Peronel (2] - Untitied - New Usity Praject - PC, Mac B Usun Standalone < 0X11»

1 + EXECHCNG e

sUT 2.30 Tusunaa Unity

1. Project Wuduiildlunsfiuninens dnsgreutiluatranu Wy - anusaneg Ald
fvuanIuAudng - 30 Tuna 1duiasasvsetngrneg Tuiny - Textures W38 WuRI9q -

3 o
Wades w3ednle - Prefabs - DU

2. Hierarchy Aipdauiivendinuvu 184 Object A9 oglu Scene Wuqasilvia Object
WUULAEY Wag Object Miluuigniu &4 Weiin1sianiserlsursetiaiu Object usl Object 7
& Y a o a % v ) aad & X ' o
Wugniunaziinsasuulamuluee n1sashe Object #38n15Aoa1n Object finee g Tu
Project unl@liludiuves Hierarchy d431n duagdsingingfiainann Project 111190y
Hierarchy Us1n¥uuu Scene & Object 6149 a1l anunsaiiis/unla/au lalegli nszvuiv

Object ﬁag’l,u Project
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e =

[ & ' a0 W . o
3. Scene WudiuAvsvenirluaniindeineu § Object arlsde awrsadnnas

1 1

Object 199 19U ndoe uae Loviia wieluwna 3 B# lnandiuil

1 :: ° o 123 L3
4. Game ﬁamuwmem'iwmu‘nmmu’lu Scence VI’]BLWQJE)\‘JL‘I?‘IUJWW FUANTTE WAz N9

Wau ves g A9 Aglu Scence Nas1ediu

| a = a1 . = [ wa
5. Inspector Lflumuwmuannmmauummm U4 Object ‘Uﬂﬂﬁﬂﬂiﬂﬂﬂﬂﬁiﬂmalﬁm

#19¢) ¥4 Object lalunsauwes Inspector

lngilusunsu Unity anansaldanisiuiu Vuforia Tunisasiaweundiedussuvaivayy

ANUITHEL U (AR) 1o
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3.1 MsnaaasAnuyIsesIwsulduLIes
= d o
nsnmaesmnwsrernsudulwasiunisvaasaiistlultlunisoonuuussey
v s 1 =l c! s o vy, s
InsuduwesliannsatadnsrualdasiBoauinfigauazfuiliitanisnszaivensyua
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SMlualudrdnmedsududasiiniseonuuunisnaassiesouisuussaulnifnsalualudig
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32.1.1 MsnAaRIINIsNIEsLsenullad Wi lvaludvioy

ginsnnanalagtassunasane iy 30 v aslutnszun Tnefszeelnsife

gj e o A 1 o U aa L) d
6.5cm ‘\]WHUU’Jﬂ%’lﬂ?‘iﬂi%%’]mﬁ\iﬂu‘ﬂijﬂﬁlﬂ"]IﬂEJﬂ']iﬂiUiSUBTWiU‘UBQMﬁﬁMLWB‘S ﬂ\‘l:ﬁj“ﬂSS

207/ 1V Maltimeter
220V/30V Dutanceof

= Y )
3UM 3.3 n1seanuuunisinlnia

A191991 3.1 WANTVIRaRINTAUNEIBUSIIURETnY

Distance of Probe Sensor Voltage
(cm) V)
2 0.14
8 0.475
12 0.548
18 0.555
22 0.529
28 0.495
32 0.485
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niluaninmduiusizud step voltage uaszizuzaas probe
0.6
0.5

0.4

wsadu (V)

0.2

0.1

0 5 10 15 20 25 30 35

svu: probe «cm)

d s o I3 1
gﬂ‘w 3.4 NIMUAAIANNANNUSTENIN step voltage UarIEBEUBI probe

v w | | - o ' v oaw sy  a w
"\nﬂﬂ']‘iﬂﬂaaﬂ’u’mﬁu‘ﬂu’ﬂiuﬁ?ﬂLLiﬂm'ﬁBﬂng'iuuaEJ‘]ﬂ']“iﬁﬂumlﬂ'{lgllﬂ'TuaU ﬁ

v 1 .

Winszeelnsuluauwsisunlaasiaindume dunalaainnsw

l:!l o s =Y v CJ o /s =f a =1 U
M99 3.2 vinnsnnassnanulaelrseaslnsunsi vinnisusuauaninsunazuiinan

Depth of Probe Sensor Voltage
(cm) V)
13 0.164
3 0.14
4.5 0.129
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@UUsENaUUBIIT Precision Rectifier
1.Resistor 6.8 kQ 4 A3 YUUININANTELE LALATINONTIVNLVDINIS

& s 1 13 a -] v ol o/ o ! .
2.Resistor Ysuanla 267 Vit fusudns1ve189997923 LLangﬂﬁumaa full-wave rectifier

s [ v o
3.0p-Amp UA741 267 Y95 wazvenadyaialuieas
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d1uUsENaUVDINAT Instrumentation Amplifier

1 Resistor 10 kQ 2 /7 dm3Ua3192995 Inverting Amplifier iU 3 @114835192935 In-Amp

e/

2 Resistor 2 kQ 4 #7 YIMUIINNANSEHE Lagas190RTIvE8U097995
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geMicro,VoltageCalibrated,Distancelnput;
gPin, INPUT);

Particle.variable( VoltageCalibrated);
Particle.variable(” Distancelnput);

1
Voltagelnput analogRead(analogPin)
VoltSum - (VoltageInput Voltagelnput);
delayMicroseconds( ):

3

)
VoltageMicro (VoltSum/50);

VoltageCalibrated ( ‘(VoltageMicro, 7)) ( VoltageMicro)
DistanceInput ( 2 VoltageCalibrated);
VoltSum ©;

delay(1°);

IJ 1 1 1 4 A;’
3‘1.]1/1 3.14 Iﬂﬂiﬂﬂ’ﬁﬂdﬂ@ﬂéﬁﬂﬁﬂﬁ’]’lﬁ

3.4 M5 BULIUNWAIATY AR
Tun1s@isunaundindu AR n1efideladenlylusunsy Unity s9uA Vuforia
\9991n Vuforia 1Ju AR SDK Ail91usauiu Unity leanaauasldanudieiazaiuisaidsunay

9

nartulanalsunanwasuiu Android, 10S Wusuy

o v - o ° s
3.4.1 @374 Image Targets N384 Image Targets Wialdidu Marker dusu
wounaadu ARlnen st luRdIu Develop vuliules Vuforia 9wttt Target Manager

\WeYIN15aT g IUTeYA Image Targets
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Target Manager > mark2

mark2 cac v
Type: Device
Targets (1)
Add Target Download Database (AID
& Target Name Type Rating Statusw Date Modified
@ n unnamed Single Image ol ok g Active Apr 01,2018 1317

gﬂﬁ' 3.15 N15@5719 Image Targets

3.4.2 WeuwounaLAtu AR uulusiasu Unity
14U al4 Vuforia vy Unity tTneni1sadndl File>Build Settings>Player
Settings>XR Setting Ld@®n Vuforia Augmented Reality azidunns Import Vuforia AR SDK &4

Tu project

g‘dﬁ 3.16 Import vuforia to unity project
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- 2/ 3 .
2. Import Image Targets f@¥19a1n1iulad Vuforia Tnen1s Download
< H a &
Database 910 3uUlw# a1ntundnd Assets>Imports Package>Custom Package Ldan Image

P v
Targets Mvhn1sanulvanls

< Unity 2017.3.11 Persenal (64bit) - ar.unity - ARR BACKUp - Android <DX11 on DX9 GPU>
File Edit  Assets GameObject Compeonent Window Help

Create

Show in Explorer

Open

Delete

Open Scene Additive

Import New Asset.

Export Package...
Find References in Scene ¢ ik
Repsodurities Characters

Refresh Ctri+R CrossPlatforminput
Reimport Effects

Environment

Reimport All

ParticleSystems
Extract From Prefab Pr ing.
Run API Updater... Utility

Bt & Prosics  Vehicles

g‘dﬁ 3.17 Import Image Targets
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4. \Fyu Script AdsTuAngutayananalagldiledur JSONULility anntdu

Add Component Ul Text Voltage uag Distance

€ Unity 20183111 Persomal - SampleSceneunity - ARtest - PC, Mac & Linux Randaione” <DX11>

5UT 3.19 Script Text

TAREMIUSUALSIAY
using UnityEngine;

using System.Collections;
using System.lO;

using System.Ling;

using System.Collections.Generic;

public class Voltage Text : MonoBehaviour
{

public float Temperaturelnput;

float temp;

string path;



string Url,
string jsonRate;

WWW wwwy;

void Start() // Use this for initialization

{

IEnumerator WaitForRequest(WWW www)
{

yield return www;

// check for errors
if (www.error == null)
{

string work = www.text;

_Particle fields = JsonUtility.FromJson<_Particle>(work);

string jsonRate = fields.result;

temp = float.Parse(jsonRate);
//Temperaturelnput = Mathf.FloorTolnt(temp);
Temperaturelnput = temp;
//Debug.Log (Temperaturelnput);

}else {

}

4l



52

// Update is called once per frame
void Update()
{

//heartrate = GameBeat.GetComponent<loT>().heartrate;

string url =
"https://api.particle.io/v1/devices/1€0026001347333438373338/Voltage?access_token=9b
3087be64c138564 7dedb869452dd1ca525910d",;

www = new WWW(url);

StartCoroutine(WaitForRequest(www));

GetComponent<TextMesh>().text = Temperaturelnput. ToString("f2");

if (Temperaturelnput <= 2.6)
{
GetComponent<TextMesh>().color = Color.ereen;
}
else

{

GetComponent<TextMesh>().color = Color.red;

}

[System.Serializable]
public class Particlef
public string name;

public string result;



TAnausUSUAITEBENY

using UnityEngine;

using System.Collections;

using System.IO;

using System.Ling;

using System.Collections.Generic;

public class Distance_Text : MonoBehaviour

{

public float Temperaturelnput;
float temp;

string path;

string Url,

string jsonRate;

WWW www;

void Start() // Use this for initialization
{

I[Enumerator WaitForRequest(WWW www)
{

yield return www;

53
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// check for errors

if (www.error == null)

{

string work = www.text;

_Particle fields = JsonUtility.FromJson<_Particle>(work);

string jsonRate = fields.result;

temp = float.Parse (jsonRate);
//Temperaturelnput = Mathf.FloorTolnt(temp);

Temperaturelnput = temp;

//Debug.Log (Temperatureinput);

}else {

// Update is called once per frame

void Update()

{

//heartrate = GameBeat.GetComponent<loT>().heartrate;

string url =
"https://api.particle.io/v1/devices/1e0026001347333438373338/Distance?access_token=9
b3087be64c1385647dedb869452dd1ca525910d",

www = new WWW(url);

StartCoroutine(WaitForRequest(www));
GetComponent<TextMesh>().color = Color.yellow;
GetComponent<TextMesh>().text = Temperaturelnput. ToString("f2");
if (Temperaturelnput >= 5.1243)

{

GetComponent<TextMesh>().text = "where am 17"



GetComponent<TextMesh>().color = Color.red;

[System.Serializable]
public class Particle{
public string name;
public string result;

}
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Vin (ms) Voutscope(rms) Varduino(ms) | Varduine(max) Gain
(V) (V) (V) V)
0103 0.0657 0.05 0.09 0.485437
0.199 0.125 0.12 0.18 0.603015
0.307 0.152 0.14 0.21 0.456026
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0.407 0.198 0.18 0.28 0.44226
0.497 0.263 0.24 0.37 0.482897
0.607 0.3 0:29 0.42 0.477759
0.704 0.339 0.34 0.48 0.482955
0.8 0.386 0.38 0.56 0.475
0.901 0.437 0.43 0.62 0.477248
1 0.52 0.49 0.82 0.49
1.25 Q71 0.69 1.3 0552
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1.75 > 823 1.96 0.702857
2 1.48 1.45 8.4 .725
| & & 1.67 1.63 2.6 0.724444
2.5 1.86 1.84 pdy V) 0.736
2.75 2.05 2 < 0.727273
3 4 AL 5.28 0.716667
3.25 2.16 sl | oo B 0.667692
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345 &5t 253 32 0.674667
4 2.69 o 4.24 0.68
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5 3.36 34 512 0.68
5,45 3.81 302 54 0.708571
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IS 4.03 3.84 5.4 0.667826
6 a.17 3.96 5.6 0.66
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6.5 4.28 4 5.4 0.615385
6.75 4.34 4.05 54 0.6
7 4.39 4.1 54 0.585714
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Abstract

This project presents the design and
development of flood warning system for
flooded areas. It focuses on improving the
ability of the sensor to be more precise and
accurate and can be used in a variety of areas.
Apply this technique to floating devices such as
radio control ship to install electric leakage
sensor. The data will be sent to the server with
the Internet and display on the mobile
application. The first phase of project is
designing the optimum range of probes and
designing effective wvoltage measurement

circuits using "Instrumentation amplifier" to filter

the interference signal that may result in

deviation of measurement. This development
aims to create safety and prevent unwanted
events such as injury and loss of life caused by

electric shock during floods.
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2.5 Precision Rectifier
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Philips Semiconductors

Product specification

Voltage regulator diodes

1N4728A to 1N4749A

FEATURES

« Total power dissipation:
max. 1000 mW

» Tolerance series: £5%

= Working voltage range:
nom. 3.31024 V.

APPLICATIONS

= Low voltage slabilizers.

DESCRIPTION

Low voltage regulator diodes in hermetically sealed SOD66 (DO-41) packages.
The series consists of 22 types with nominal working voltages from 3.3 to 24 V.

The diodes are type branded.

Fig.1 Simpiified outline (SODE6; DO-41) and symbol.

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Ie conlinuous forward current - 500 | mA
Izm working current see Table
“Per type”
Izgm non-repetitive peak reverse current see Tabie
“Per type”
Piot total power dissipation Tamb = 50 “C - 1000 |[mwW
Taig slorage temperature -85 +200 |°C
Tj junction temperature -65 +200 |°C
ELECTRICAL CHARACTERISTICS
Total series
T; = 25 °C; unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VE forward voltage Ig = 200 mA; see Fig.3 - 1.2 v

1996 Apr 26

90



8z v 0661

Per type

T; = 25 °C! unless otherwise specified.

WORKING TEST CURRENT DIFFERENTIAL REYERSE CURRENT WORKING NON-REFETITIVE
VVULTQG"E Iziest (MA) RESISTANCE 21 REVERSE VOLTAGE :—;UR(R::'T FE.t‘tRR::::SE
z (V) 20
TYPENS | ot b £ ol odd T (0A) zsu (MA)P)
. 2 | ook V¥
NOM. MAX. MAX. MAX. MAX. MAX.
1N4T28A 33 76 10 400 1 100 1 276 1380
TNST29A 36 69 10 400 1 100 1 252 1260
TN4T30A 38 64 L] 400 1 50 1 234 1130
INGT3IA 43 58 5 400 1 10 1 297 1070
IN4T32A 4.7 53 ] 500 1 10 1 193 aro
IN4T33A 51 49 7 550 1 10 1 178 830
IN4T34A 5.6 45 5 600 1 10 4 162 810
TN4T35A 6.2 41 2 700 1 10 3 146 730
IN4T36A 6.8 a7 35 700 1 10 4 133 660
IN4TITA 7.5 34 4 T00 os 10 5 121 605
1N4TIBA 82 3 45 700 05 10 B 110 550
IN4T7I9A 91 28 5 700 05 10 7 100 500
TN4T40A 10 25 7 700 0.25 10 76 a1 454
INETAIA 1 23 8 700 0.25 5 84 83 414
TNAT42A 12 21 9 700 025 5 91 76 380
TN4T43A 13 19 10 700 0.25 5 99 69 344
INAT44A 15 17 14 700 025 5 14 (31 304
1NAT45A 16 155 16 700 0.25 5 122 57 285
INAT4EBA 18 14 20 750 0.25 5 137 50 250
INATATA 20 125 22 750 0.25 5 152 45 225
INATABA 22 "5 23 750 025 5 16.7 41 205
IN4TA94 24 10.6 25 750 0.2s % 18.2 38 190
Notes

1. Vzis measured with device at thermal equilibrium while heid in clips al 10 mm from body in sfill air at 25 °C.
2 Hall square wave or equivalent sinewave puise 420 second duration SUPENMPOosed on |2t

sapoip Jojejnbas abeyoa

Yevr.LvNL O} VBZ./VNI

siopapuoes sdnd

uoneNnads Popaid
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Philips Semiconductors Product specification

Voltage regulator diodes TN4728A to 1N4749A

THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rinitp thermal resistance from junction to fie-point | lead length 4 mm; see Fig.2 110 Kw

1996 Apr 26 4



Philips Semicaenductors Product specification

Voltage regulator diodes 1N4728A to 1N4749A

GRAPHICAL DATA

108 it
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— 033 e L
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10 = oo T
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Ht 0.01 "I:’;L;'__J 5,5& L1
-1 Tt o T
: I 1]
10! 1 10 102 10% 10t L, (ms) 10°
Fig 2 Thermal resistance from junction to tie-point; lead length 4 mm.
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-
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{1} T;=200 “C; typical values.
(2} Ty= 25 *C; typical values.

Fig.3 Forward curent as a function of
forward voltage.
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Philips Semiconduclors Product specification

Voltage regulator diodes TN4728A to TN4749A

PACKAGE OUTLINE

2B min ———wtea— 0 el Mo

© o] e
--|§fo- L— q—zsm;n—Jj

Dimensions in mm.
Fig.4 SODE6 (DO-41).
DEFINITIONS
Data sheet status
Cbjective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information
Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected fo result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree o fully indemnify Philips for any damages resulting from such
improper use or sale.

1896 Apr 26 6



Small Signal Diode

DISCRETE SEMICONDUCTORS

DATA SHEET

1N4148; 1N4448
High-speed diodes

Product specification
Supersedes data of 1996 Sep 03

Philips
Semiconductors

1999 May 25
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Philips Semiconductors

Product specification

High-speed diodes

1N4148; 1N4448

FEATURES

Hermetically sealed leaded glass
S0D27 (DO-35) package

High switching speed: max. 4 ns
General application

*

Continuous reverse voltage:
max. 75V

Repetitive peak reverse voltage:
max. 75V

Repetlitive peak forward current:
max. 450 mA.

Y

.

APPLICATIONS
* High-speed switching.

LIMITING VALUES

DESCRIPTION

The 1N4148 and 1N4448 are high-speed switching diodes fabricated in planar
technology, and encapsulated in hermetically sealed leaded glass SOD27
{DO-35) packages.

The diodes are type branded.

Fig.1 Simplified outline {SOD27, DO-35) and symbol.

in accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VRRM repelitive peak reverse voltage - 75 v
Vr continuous reverse voltage - 75 A%
Ie continuous forward current see Fig.2; note 1 - 200 mA
lerm repetitive peak forward current - 450 mA
lrsm non-Tepelitive peak forward current | square wave; T;= 25 °C prior to
surge, see Fig 4
t=1us - 4 A
=1ms - 1 A

t=1s - 0.5 A
Piot total power dissipation Tamb = 25 °C; note 1 - 500 mw
Tsig storage temperature -65 +200 °C
Tj junclion temperature - 200 °C

Note

1. Device mounted on an FR4 printed circuil-board, lead length 10 mm.

1999 May 25
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Philips Semiconductors

Product specification

High-speed diodes

1N4148; 1N4448

ELECTRICAL CHARACTERISTICS
Tj = 25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VE forward voltage see Fig.3
1N4148 Ig =10 mA 1 Vv
1N4448 I =5mA 0.62 0.72 v
Ig = 100 mA 1 \%
I reverse current Vg =20V, see Fig.5 25 nA
Vr =20V, Tj=150°C; see Fig.5 50 pA
ln reverse current; 1N4448 Vg =20V, T;=100 °C; see Fig.5 3 pA
Cq diode capacitance =1 MHz;, Vg = 0, see Fig.6 4 pF
Ir reverse recovery time when switched from I = 10 mA o 4 ns
Ir =60 mA; Ry = 100 £;
measured at g = 1 mA; see Fig.7
Vi forward recovery voltage when switched from I = 50 mA; 25 v
t =20 ns; see Fig.8
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
R jap thermal resistance from junction to tie-point | lead length 10 mm 240 Kw
Rinin thermal resistance from junction to ambient | lead length 10 mm; note 1 350 Kiw
Note

1. Device mounted on a printed circuit-board without mefallization pad.

1999 May 25
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Philips Semiconductors Product specification
High-speed diodes 1N4148; 1N4448
GRAPHICAL DATA
300 MEGLS? - MEGAEE
'F IF
{ma) (ma}

400

- S o i

T~

= /

0 o -
0 100 ol & °c) 200 o 1 Vg (V) 2

1 (1) Tj=175°C; typical values.
Device mounted on an FR4 prnted-circuit board, lead length 10 mm. {2) T)=25°C; typical values.
(3) T; =25 °C; maximum values.

Fig.2 Maximum permissible continuous forward

current as a function of ambient Fig.3 Forward current as a function of forward
temperature. voltage.
107 -
tesm
A
10
e W
11|
-‘_-_'—_—"_'-—-—-—-_
1
10! = 9
1 10 102 10° o (us) 1
Based on square wave currents.

T; = 25 °C prior 1o surge.

Fig.4 Maximum permissible non-repetitive peak forward current as a function of pulse duration.

1999 May 25 4
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Product specification

High-speed diodes

1N4148; 1N4448

103 MGoI80
W= i
2
‘Dzég
| T 1 ﬂw_”
1 I 1 T é’;
10 ¢
Z 17 I T I ]
1 I I |
P
l' e
ot e
F & I'
Z
102 L
a 100
Rt B/

(1} Vm =75V, typical vaiues.
(2} Va =20V, typical values.

Fig.5 Reverse current as a function of junction
temperature.

08

06

0.4

VR(V}

f=1 MHzZ; Tj = 25°C.

Fig.6 Diode capacitance as a function of reverse
voitage; typical values.

1999 May 25
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Product specification

1N4148; 1N4448

Philips Semiconductors

High-speed dicdes

RE =50 {} NG
OSCILLOSCOPE
V=VR+|F1RS Ri=50Kl
| VR 0%
MOARRT
input signal output signal
(1) ln=1mAa.
Fig.7 Reverse recovery vollage test circuit and waveforms

|
V)@ 1 0 ; -~
l — i A = v
RN OSCILLOSCOPE Vir
DUT.
1 R;=500
[ 10%
MaATS2 t
ty tp——
input output
signal signal

Fig.8 Forward recovery voitage test circuit and waveforms.
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Philips Semiconductors Product specification
High-speed diodes 1N4148; 1N4448
PACKAGE CUTLINE
Hermetically sealed glass package; axial leaded; 2 leads soD27
i
7] ¥
@ E— 3 :
4
-—D-o-| £ Gy L
DIMENSIONS {mun are the original dimensions)
b D | &1 | L AL %
wr | & [ BT & T T g
mm | 056 185 | 425 | 254
Note
1. The marking band indicates the cathode.
OUTLINE REFERENCES EUROPEAN
VERSION \EC JEDEC Y PROJECTION EHEDAR
sowz? A24 DO-35 sC40 == @- 97.06-09

DEFINITIONS
Data Sheet Status
Objective specification This dala sheet contains target or goal specifications for product development.
Preliminary specification This dala sheet contains preliminary data, supplementary data may be published later.
Product specification This data sheet contains final product specifications.
Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Siress above one or
more of the limiting values may cause permanent damage to the device. These are stress ralings only and operation
of the device al these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Expasure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, i is advisory and does :'!ot form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to resull in personal injury. Philips customers using or selling these products for
use in such applicalions do so at their own risk and agree to fully indemnify Philips for any damages resulting from such

improper use or sale.

1999 May 25 7
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Argentina: see South Amenica

Australia: 34 Waterloo Road, NORTH RYDE, NSW 2113,

Tel. +51 2 9805 4455, Fax. +61 2 9805 4466

Austria: Computerstr. 6, A-1101 WIEN, P.O. Box 213,

Tei. +43 160 101 1248, Fax. +43 1 60 101 1210

Belarus: Hotel Minsk Business Center, Bid. 3, r. 1211, Volodarsk: Str. 6,
220050 MINSK, Tel. +375 172 20 0733, Fax. +375 172 20 0773
Belgium: see The Netherlands

Brazil: see South America

Bulgaria: Philips Ltd., Energoproject, 15th flocr,

51 James Bourchier Bivd., 1407 SOFIA,

Tei. +359 2 68 9211, Fax. +359 2 68 9102

Canada: PHILIPS SEMICONDUCTORS/COMPONENTS,

Tel. +1 800 234 7381, Fax. +1 800 943 0087

China/Hong Kong: 501 Hong Kong Indusirial Technology Centre,
72 Tat Chee Avenue, Kowloon Tong, HONG KONG,

Tel. +852 2319 7888, Fax. +852 2318 7700

Colombia: see South America

Czech Republic: see Austria

Denmark: Sydhavnsgade 23, 1780 COPENHAGEN V,

Ted. +45 33 29 3333, Fax. +45 33 28 3905

Finfand: Sinkalliontie 3, FIN-02630 ESPOC,

Tel +358 9 615 8OO, Fax. +358 9 6158 0920

France: 51 Rue Camot, BP317, 52156 SURESNES Cedex,

Tel. +33 1 4099 6161, Fax. +33 1 4D99 6427

Germany: Hammerbrookstrafle 69, D-20037 HAMBURG,
m.«swzasa 60, Fax. +49 40 2353 6300

Hungary: see Austria

India: Philips INDIA Ltd, Band Box Building, 2nd fioor,

254D, Dr. Annie Besant Road, Worli, MUMBAI 400 025,

Tel. +91 22 493 8541, Fax. <31 22 453 0966

Indl ia: PT Philips D: pment Corporation, Semicond:
Gedung Philips, Jt. Buncit Raya Kav.99-100, JAKARTA 12510,
Tel. +62 21 794 0040 ext. 2501, Fax. +62 21 784 0080

Ireland: Newstead, Ci DUBLIN 14,

Tei. +353 17640 000, Fax. +353 1 7640 200

Israel: RAPAC Electronics, 7 Kehilat Saloniki St, PO Box 18053,
TEL AVIV 61180, Tel. v97236450444 Fax. +972 3 649 1007
Haly: PHILIPS SEMICONDUCTORS, Piazza IV Novembre 3,
20124 MILANO, Tel. +39 02 67 52 253'1 Fax. +39 02 8752255T
Japan: Philips Bldg 13-37, Kohnan 2-chome, Minato-ku,

TOKYC 1068507, Tel. «&1 3 3740 5130, Fax. +81 3 3740 5057
Korea: Philips House, 260-199 haewon-dang, Yongsan-ku, SECUL,
Ted +82 2709 1412, Fax. +82 2 709 1415

Mataysia: No. 76 Jalan Universiti, 46200 PETALING JAYA, SELANGOR
Tel +60 3 750 5214, Fax. +60 2 757 4880

Mexico: 5900 East, Suite 200, ELPASO TEXAS 78905,
Tel +9-5800 234 7381, Fax +9-5 800 943 008

Middle East: see ltafy

For all uf.hercommel apply lo' thpe Semiconductors,

jons, Building BE-p, P.O. Bax 218,

G & Sales
SSGBMDEINWOVEN TheHmdm Fax, +31 40 27 24825

© Philipe Electronics N.V. 1999

— a worldwide company

Netherlands: Postbus 90050, 5600 PB EINDHOVEN, Bidg. VB,

Tel. +31 40 27 82785, Fax. +31 40 27 88399

Hew Zealand: 2 Wagener Place, C.P.O. Box 1041, AUCKLAND,

Tel. +64 O B439 4160, Fax. +64 9 849 7811

Norway: Box 1, Manglerud 0612, OSLO,

Tel. +47 22 74 B000, Fax. +47 22 74 8341

Pakistan: see Singapore

Philippines: Philips i ctors Philippines inc.,

106 Valero St. Salcedo Village, P.O. Box 2108 MCC, MAKATI,

Metro MANILA, Tel. +63 2 B16 6380, Fax_ +63 2 817 3474

Poland: UL Lukiska 10, PL 04-123 WARSZAWA,

Tel. +48 22 612 2831, Fax. +48 22612 2327

Portugal: see Spain

Romania: see Haly

Russia: Philips Russia, UL Usatcheva 354, 119048 MOSCOW,

Tel. +7 095 755 6918, Fax. +7 095 755 6919

Singapore: Loreng 1, Toa Payoh, SINGAPORE 319762,

Tel. +65 350 2538, Fax. +65 251 6500

Slovakia: see Austria

Siovenia: see Naly

South Africa: S.A. PHILIPS Pty Ltd.,, 195-215 Main Road Martindale,
2092 JOHANNESBURG, P.O. Box 58088 Newville 2114,

Tel +27 11471 5401, Fax. +27 11471 5398

South America: Al Vicente Pinzon, 173, &th flocr,

D4547-130 SAQ PAULO, SP, Brazil,

Tel. +55 11 821 2333, Fax. +55 11 821 2382

Spain: Baimes 22, 08007 BARCELONA,

Tel. +34 53 301 53'62 Fax. +34 93 301 4107

Sweden: Kotibygatan 7, Akalla, S-16485 STOCKHOLM,

Tel. +46 B 5985 2000, Fax. +46 8 5385 2745

Switzeriand: Allmendstrasse 140, CH-8027 ZURICH,

Tel. 41 1488 2741 Fax. +41 1 488 3263

Taiwan: Philips Semiconductors, 6F, No. 96, Chien Kua N. Rd., Sec. 1,
TAIPEL Talwan Tel. +886 2 2134 2886, Fax. +886 2 2134 2874
Thailand: PHILIPS ELECTRONICS (THAILAND) Lid.,

20872 Sanpavuth-Bangna Road Prakanong, BANGKOK 10260,

Tel. +66 2 T45 4090, Fax. +66 2 398 0793

Turkey: Yukan Dudulic, Org. San. Big., 2.Cad. Nr. 28 81260 Umraniye,
ISTANBUL, Tel +90 216 522 1500, Fax. +90 216 522 1813

Ukraine: PHILIPS UKRAINE, 4 Pafrice Lumumba str., Building B, Floor 7,
252042 KIEV, Tel. +380 44 264 2776, Fax. »380 44 268 0461

United Kingdom: Philips Semiconductors Ltd., 276 Bath Road, Hayes,
MIDDLESEX UB3 58X, Tel. <44 181 730 5000, Fax. +44 181 754 8421
United States: 811 East Arques Avenue, SUNNYVALE, CA 94088-3409,
Tel. 7 800 234 7381, Fax. +1 800 943 D087

Uruguay: see Scuth Amenca

Vietnam: see Singapore

Yugoeslavia: PHILIPS, Trg N. Pasica 5/, 11000 BEOGRAD,

Tel. «381 11 82 5344, Fax.«381 11 635777
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Operation Amplifier UA741
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Lyz PESTHOMRON

UA741

GENERAL PURPOSE SINGLE OPERATIONAL AMPLIFIERS

= LARGE INPUT VOLTAGE RANGE

= NO LATCH-UP

= HIGH GAIN

= SHORT-CIRCUIT PROTECTION

= NO FREQUENCY COMPENSATION
REQUIRED

= SAME PIN CONFIGURATION AS THE UAT09

= ESD INTERNAL PROTECTION

N D
DESCRIPTION DIP8 S0B
The UAT741 s a high performance monolithic op- (Plastic Package) {Piastic Micropackage)
erational amplifier constructed on a single silicon
chip. It is intented for a wide range of analog
applications.
+ Summing amplifier
+ Voltage follower
* Integrator ORDER CODES
+ Active filter Part Package
* Function generator ,;una,bﬂ Temperature Range W B
The high gain and wide range of operating voltages UATAICIE 0%, +70°0 ” "
provide superior performances in integrator, sum- iy . .
ming amplifier and general feedback applications. UAT741| '4°ac’ *
The internal compensalion network (8dB / octave) UA741MIA -55°C, +1256°C ‘ 3
insures stability in closed loop circuits. Example : UA741CN
PIN CONNECTIONS (top view)
" 1 - Offsetnull 1
A & BE 2 - Inverting input
3 - Nen-inverting input
2 ~ 7 4 - Voo
. >.\] 5 - Offsetnull 2
8 - Output
2[] s SV
4[] =" 8-NC.
October 1995 148

74101 THL
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UAT41
SCHEMATIC DIAGRAM
Nor-isverling
input
13 Vo'
Output
{1 Voo
Offset
nut2
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter UAT41M-A UAT41] UA741C-E Unit
Voo Supply Voltage 22 22 22 v
Vi Input Voltage - (note1) 15 18 15 \
Vi Differential Input Voltage 30 £30 %30 '
Pt Power Dissipation 500 500 500 mwW
Qutput Short-circuit Duration Infinite
Toper Operating Free Air Temperature Range -55 to 4125 -40 to +105 0to +70 °c |8
Tep Storage Temperature Range -65 to +150 -65 to +150 -85 to +150 % g

TGIEPS

Note : 1. The magnitude of the input voltage mustnever exceod the magnitude of the positive and negative supply voltage.

Lyz 855;THOMSON
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UAT41
ELECTRICAL CHARACTERISTICS
Vee = 215V, Tamp = 25°C (unless otherwise specified)
Symbol Parameter Min. | Typ. | Max. Unit
Vi Inpu_|t_ 0ffsu§ S\L%Huga (Rs S 10k€2) ; " mV
amb =
Teein. S Tambs S Trmax 8
UATA1E A
Tamp = 25°C 1 2
Trein S Tamb E Trrax 4
ko input Offset Current nA
Tame =25°C 2 30
Troin S Tamo S T 70
lin Input Bias Current nA
Tam = 25°C 10 | 100
Terin. % Tomb 5 Trmax 200
Avd qlg Slgnal Vahage Gain (Vo =210V, RL= 2k0) VimV
amb = 50 | 200
TI‘T\IH- s Tlmb < TW 25
SVR Suppzy Vonagn Rejection Ratio (R S 10k0) dB
77 80
Trr-n = Tamb ¥ Trmax 77
lec Supply CurrenL na load mA
Tamb =25°C 1 28
Trmin. S Tamt S Tmax. 3.3
Viem Input Common Mode Voltage Range Vv
Tamb = 25°C 212
Tenn. 5 Tame $ Tmax, 12
CMR Common Mode Rejection Ratio (Rs = 10ki1) dB
Tamp = 25°C 70 90
Tivin. S Tame S Tonax. 70
los Qutput Short-circuit Current 10 35 mA
Vopp Oumut Vol iaée Swing Y
Tams =2 RL = 10kf2 12 14
Ry = 2k} 10 13
Terin. § Tamb 5 Tmax Ry = 10k 12
RL= 2k 10
SR Slew Rate Vips
(V, =210V, Ry = 2k}, € = 100pF, Tams = 25°C, unity gain) 0.25 | 05
t Rise Time _ h Is
(Vi = £20mV, R = 2k2, G = 100pF, Tam = 26°C, unity gain) 0.3
Kov Overshoot %
(Vi =220mV, Ru = 2K}, CL = 100pF, Tams = 25°C, unity gain) 5
R Input Resistance 03 2 My
GBP Gain Bandwidth Product Mz
(Vi =10mV, R =2k}, C_ = 100pF, f = 100kHz) 0.7 1
THD Total Harmonic Distortion %
{f = 1kHz, Av = 20dB, R = 2K, Vo = 2Vrp, Ci = 100pF, Tams = 25°C) 006
e Equivalent Input Noise Voltage nv
( f= 1kHz, Rs = 10002) 23 “Hz 8
m Phase Margin 70 Degrees g
3/9
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UA7#
QPEN LDOP VOLTAGE GAIN (Typ.) OPEN LOOP FREQUENCY RESPONSE (Typ.)
1S 120
110 » . 100
e" 105 g 80
Z 400 A g
5 /’ s B0,
8§ *I ¥ R
<
Ll E 20
g K’I g
B G274 8 8 0 12 14 16 38 20 -20

419

QUTPUT VOLTAGE tmV]

PEAK TO PEAK OUTPUT SWING (V)

ocoamo B BHES

SUPPLY VOLTAGES [V, AND Vo) [£V]

TRANSIENT RESPONSE (Typ.)
F ]
24
20 e
16 M1

12 l

Vee = 218V
Tamb = +25°C
Toutfe] & el
Rise time €L = 100pF
a 0b 15 2 25
TIME (8]

OUTPUT VOLTAGE SWING

TBEC gy < 125°C

Ry 2 2kl

5 10

15 20

SUPPLY VOLTAGE (W)

110 100tk 10k 100k 1M 10M
FREQUENCY [Hz)

T4 EPS

ABSOLUTE MAXIMUM POWER DISSIPATION

800
500
i
g - a
£ a0
2 N
oy 200
§ 100!
J
25 45 65 BS 10 126
g': AMBIENT TEMPERATURE {*C}
INPUT COMMON MODE VOLTAGE
5 RANGE
& Ayr S —.y.
W |58 €Ty <128
€ 1
; )
£ w0
g o /
4
8 s //
5 4
§ .
o
7 8 B 10 15 Fl
;f SUPPLY YOLTAGE (V)

TA-DSEPS

74107 EPS

TH00EPS
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UAT41
CONSUMPTION OUTPUT CURRENT vs AMBIENT
POWER TEMPERATURE
faadl [ we DR N
s amb © 45 | S
E ow 40 $ 108 + Source
- / SN
g / - ss""--. -
60 < 30
S / E " los s~ N
2 / g = ]
2 w 2 20 N
8 ] P =
P
g 2 - 10
L 5
[} o
5 n 15 20 2 5535 -15 5 25 45 65 85 105125 B
SUPPLY YOLTAGE (+V) ] AMBIENT TEMPERATURE {°C) E’
OUTPUT VOLTAGE SWING OUTPUT VOLTAGE SWING
o v v -
3 Voo = 18V b 2 : Yer = 218Y
- B Tamb™ +75°C_4* 2 oy M2
g FL g 32 Tomb =+ 25°C
2 2
g 20 E 24
18 =Y
16 x 15
; 14 é 12
E g =
y A
3 10 X 4
- £ o E.I_ i
o1 02 ©05 1 2 5 10 100 1k 10k 100k M
LOAD RESISTANCE (ki § FREQUENCY [Hx) §
40 ALl rrmspare o .
z Toc 25
9 £ o '"?
30 1\ & :
N &4,
g 25 Ml 3 4o M
-
E @ HE
. g il
§ 15 u
10 = R il i
5 e — =
" | § o OO HHHEHHET
100 1000 10000 100000 = L
FREGUENCY 0kz) § FREQUENCY (Hzl §
5/9
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UA741

EQUIVALENT INPUT NOISE vs AMBIENT LARGE SIGNAL VOLTAGE GAIN vs AMBIENT
TEMPERATURE TEMPERATURE
40 110.00

Av (dB)
§
v

NOISE (nViWHz)
2
\

-55 -35-16 5 25 45 65 85 105125
AMBIENT TEMPERATURE {°C)

55 -35-15 5 25 45 65 85 105 125
AMBIENY TEMPERATURE (°C)

74118 EPS
TArAT EPS

GAIN BANDWIDTH PRODUCT vs AMBIENT POWER SUPPLY & COMMON MODE REJECTION
TEMPERATURE RATIO vs AMBIENT TEMPERATURE

14 b g

i FYR
13 115 /\
12 ] ﬂ\

CMAe
/’

GBP (MHz)
/

3

\

R P S PR
7
]

CMA-

AN

55-35-15 5 25 45 65 85 105 128
AMBIENT TEMPERATURE (°C)

55 9515 5 25 45 65 B85 105 125
AMBIENT TEMPERATURE (°C)

A1 18 EPS
TATIREPS.

INPUT BIAS CURRENT vs AMBIENT
TEMPERATURE

/
/
/

/

B (nA)
cacn SRBKEELS

~ Z

55 35-15 5§ 25 45 65 85105125
AMBIENT TEMPERATURE (°C)

Tl EPS

6/9
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UAT4

MEASUREMENT DIAGRAMS
OFFSET VOLTAGE NULL CIRCUIT

TRANSIENT RESPONSE TEST CIRCUIT

D—_——_—_—
Inputs

s TRNRTIRNSRONINS

UA741 -0 ¢4

I—l

& Cy = 100pF Ry =262

TALZ1EPS

CURRENT TO VOLTAGE CONVERTER

NEUTRALIZING INPUT CAPACITANCE TO
OPTIMIZE RESPONSE TIME

far minimum error due to bias current

R2

T41-IEPS

POSITIVE VOLTAGE REFERENCE

68V BZXSS

TALISEPS

792 EPS

14121 EPS

719

‘ SGS-THOMSO
N o

T4 EPS
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UATH

PACKAGE MECHANICAL DATA
8 PINS - PLASTICDIP OR CERDIP

L} o
= =
BBl
e
(1] 4
z |
o
w
N P
bifwrsiods Millimeters Inches
Min. Typ. Max. Min. Typ. Max.
A 332 013
al 0.51 0.020
B 1.15 1.65 0.045 0.085
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10.92 0.430
E 7.95 975 0.313 0.384
e 254 0.100
e3 7.62 0.300
ed 762 0.300
F 686 0260
i 5.08 0.200
L 3.18 3.81 0.125 0,150
Z 1.52 0.060
8/9

Lyz SERTHOMSON
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UAT41
PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (SQ)
L
- S .1
B
i W
5 3
E
Diffiensiods Mlllimelem Inches
Min. Typ. Max. Min. Typ. Max.
A 175 0.069
al 0.1 0.25 0.004 0.010
a2 1.65 0.065
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 0.19 0.25 0.007 0.010
c 0.25 0.5 0.010 0.020
¢l 45° (typ )
D 4.8 5.0 0.189 0.197
= 5.8 6.2 0,228 0.244
e 127 0.050
e3 3.81 0.150
F 3.8 4.0 0.150 0.157
L 04 7 1.27 0.016 0.050
M 0.6 0.024
s 8° (max.)
Information furnished is believed to be te and reliable. However, SGS-THOMSON Microelectroni no responsibility

for the consequences of use of suchinformation nor for any infringement of patents or other rights of third parties which may result
from its use. No licence Is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics.
Specifications mentioned in this publication ate subject to change without notice. This publication supersedes and reptaces all
information previously supplied, SGS-THOMSON Microelectronics products are not authorized for use as critical components in life
support devices or systems without express written approval of SGS-THOMSON Microelectronics.

1995 SGS-THOMSON Microelectronics - All Rights Reserved
SGS-THOMSON Microelectronics GROUP OF COMPANIES

Australia - Brazil - France - Germany - Hong Kong - italy - Japan - Korea - Malaysia - Maita - Morocco - The Netherdands
Singapore - Spain - Sweden - Switzerland - Taiwan - Thaitand - United Kingdom - U.S.A,

9/
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Particle Photon

Functional description
1.0verview

Particle's Internet of Things hardware development kit, the Photon, provides
everything you need to build a connected product. Particle combines a powerful ARM

Cortex M3 micro-controller with a Broadcom Wi-Fi chip in a tiny thumbnail-sized module

called the P@ (P-zero).

To get you started quickly, Particle adds a rock solid 3.3VDC SMPS power supply,
RF and user interface components to the P@ on a small single-sided PCB called the
Photon. The design is open source, so when you're ready to integrate the Photon into

your product, you can.

The Photon comes in two physical forms: with headers and without. Prototyping
is easy with headers as the Photon plugs directly into standard breadboards and
perfboards, and may also be mounted with 0.1" pitch female headers on a PCB. To
minimize space required, the Photon form factor without headers has castellated edges.

These make it possible to surface mount the Photon directly onto your PCB.



2.Features

Particle P@ Wi-Fi module

Broadcom BCM43362 Wi-Fi chip

802.11b/g/n Wi-Fi

STM32F205RGY6 120Mhz ARM Cortex M3

1MB flash, 128KB RAM

On-board RGB status LED (ext. drive provided)
18 Mixed-signal GPIO and advanced peripherals
Open source design

Real-time operating system (FreeRTOS)

Soft AP setup

FCC, CE and IC certified

3.Power

Power to the Photon is supplied via the on-board USB Micro B connector or

114

directly via the VIN pin. If power is supplied directly to the VIN pin, the voltage should

be regulated between 3.6VDC and 5.5VDC. When the Photon is powered via the USB

port, VIN will output a voltage of approximately 4.8VDC due to a reverse polarity

protection series schottky diode between V+ of USB and VIN. When used as an output,

the max load on VIN is 1A. 3V3 can also be used as an output, but has a limited

overhead of only 100mA available. (Please refer to Absolute Maximum Ratings for more

info).

Typical average current consumption is 80mA with 5V @ VIN with Wi-Fi on. Deep

sleep guiescent current is typically 80uA (Please refer to Recommended Operating
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Conditions for more info). When powering the Photon from the USB connector, make
sure to use a quality cable to minimize IR drops (current x resistance = voltage) in the
wiring. If a high resistance cable (i.e., low current) is used, peak currents drawn from the
Photon when transmitting and receiving will result in voltage sag at the input which may
cause a system brown out or intermittent operation. Likewise, the power source should
be sufficient enough to source 1A of current to provide an adequate amount of current

overhead (especially if powering additional circuitry off of VIN).

Warning: When powering the Photon from long wires on USB and VIN, care should be

taken to protect against damaging voltage transients. From the Richtek datasheet:

To avoid these voltage spikes, keep input wiring as short as possible. If long wires
are unavoidable, it is advisable to add a 5.1V zener diode or similar transient suppression
device from VIN to GND. Another technigue is adding more capacitance to the input
using an electrolytic capacitor. Please refer to AN-88 by Linear for a good discussion on

this topic.
4.RF

The RF section of the Photon is a finely tuned impedance controlled network of

components that optimize the efficiency and sensitivity of the Wi-Fi communications.

An RF feed line runs from the P@ module into a SPDT RF-switch. Logic level
control lines on the P@ module select which of the two ports of the RF-switch is
connected to the RF feed line. A 100pF decoupling capacitor is located on each control
line. One port is connected to a PCB ceramic chip antenna, and the other is connected
to a u.FL connector for external antenna adaptation. The default port will be set to the

chip antenna.

Additionally, a user API is available to switch between internal, external and even an

automatic mode which continuously switches between each antenna and selects the
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best signal. All three RF ports on the RF-switch have a 10pF RF quality DC-blocking
capacitor in series with them. These effectively pass 2.4GHz frequencies freely while
blocking unwanted DC voltages from damaging the RF-switch. All RF traces are

considered as tiny transmission lines that have a controlled 50 ohm impedance.

The chip antenna is impedance matched to the 50 ohm RF feed line via a Pi
network comprised of three RF inductors (1 series, 2 shunt). These values are quite
specific to the Photon due to the PCB construction and layout of the RF section. Even if
the Photon's layout design is copied exactly, to achieve the best performance it would

be worth re-examining the Pi network values on actual samples of the PCB in question.

5.FCC Approved Antennas

Antenna Type Manufacturer MFG. Part # Gain

Dipole antenna LumenRadio 104-1001 2.15dBi

Chip antenna  Advanced Ceramic X AT7020-E3ROHBA 1.3dBi

6.Peripherals and GPIO

The Photon has ton of capability in a small footprint, with analog, digital and

communication interfaces.

Peripheral Type Qty Input(l) / Qutput(0) FTM/ 33

Digital 18 I/7O FT/3V3



Peripheral Type Qty Input(l) / Output(0) FTU / 3v3

Analog (ADC)

| Analog (DAQ)
) SPI
”.IZS
IZC _
éAN
Use

PWM

Notes:

[1] FT = 5.0V tolerant pins. All pins except A3 and DAC are 5V tolerant (when not in

analog mode). If used as a 5V input the pull-up/pull-down resistor must be disabled.
(2] 3V3 = 3.3V max pins.

[3] PWM is available on DO, D1, D2, D3, A4, A5, WKP, RX, TX with a caveat: PWM timer

8

o
e
e

I/O

I/O

33
3V3
?J‘Vr3
3

FT

33l

3V3

3V3
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peripheral is duplicated on two pins (A5/D2) and (A4/D3) for 7 total independent PWM

outputs. For example: PWM may be used on A5 while D2 is used as a GPIO, or D2 as a

PWM while A5 is used as an analog input. However A5 and D2 cannot be used as

independently controlled PWM outputs at the same time.

[4] Technically these pins are 5.0V tolerant, but since you wouldn't operate them with a

5.0V transceiver it's proper to classify them as 3.3V.
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Pin and button definition

usB

SETUP BUTTON
RESET BUTTON
RGB LED

PO Wi-Fi MODULE
RF SWITCH

u.FL ANT CONN.
CHIP ANTENNA

2990900 O®Q®SQ

1. Pin description

Pin

VIN

RST

VBAT

3V3

Description

This pin can be used as an input or output. As an input, supply 3.6 to 5.5VDC to
power the Photon. When the Photon is powered via the USB port, this pin will
output a voltage of approximately 4.8VDC due to a reverse polarity protection
series Schottky diode between VUSB and VIN. When used as an output, the max
load on VIN is 1A

Active-low reset input. On-board circuitry contains a 1k ohm pull-up resistor

between RST and 3V3, and 0.1uF capacitor between RST and GND.

Supply to the internal RTC, backup registers and SRAM when 3V3 is not present
(1.65 to 3.6VDOQ).

This pin is the output of the on-board regulator and is internally connected to
the VDD of the Wi-Fi module. When powering the Photon via VIN or the USB
port, this pin will output a voltage of 3.3VDC. This pin can also be used to
power the Photon directly (max input 3.3VDC). When used as an output, the
max load on 3V3 is 100mA. NOTE: When powering the Photon via this pin,
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DO~D7 Digital only GPIO pins. DO~D3 may also be used as a PWM@ output.

Primarily used as UART RX, but can also be used as a digital GPIO or PWM?.
Primarily used as UART TX, but can also be used as a digital GPIO or PWMP,

Active-high wakeup pin, wakes the module from sleep/standby modes. When

not used as a WAKEUP, this pin can also be used as a digital GPIO, ADC input or

12-bit Digital-to-Analog (D/A) output (0-4095), referred to as DAC or DAC1 in
software. Can also be used as a digital GPIO or ADC. Can be referred to

as A6 when used as an ADC. A3 is a second DAC output used as DAC2 in

Pin Description
ensure power is disconnected from VIN and USB.
RX
X
WKP
PWM®@. Can be referred to as A7 when used as an ADC.
DAC
software.
AO~AT

12-bit Analog-to-Digital (A/D) inputs (0-4095), and also digital

GPIOs. A6 and AT are code convenience mappings, which means pins are not
actually labeled as such but you may use code like analogRead(A7). A6 maps to
the DAC pin and A7 maps to the WKP pin. A4,A5,A7 may also be used as a
PWM output.

Notes: [1] In addition to the 24 pins around the outside of the Photon, there are 7 pads

on the bottom the Photon PCB that can be used to connect to extra signals: RGB LED

outputs, SETUP button, SMPS enable line and USB D+/D-. Photon Pins #25-31 are

described in the Pin out diagrams. Also refer to the Recommended PCB land pattern

photon without headers section for their location on the bottom of the Photon.

[2] PWM is available on DO, D1, D2, D3, A4, A5, WKP, RX, TX with a caveat: PWM timer

peripheral is duplicated on two pins (A5/D2) and (A4/D3) for 7 total independent PWM
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outputs. For example: PWM may be used on A5 while D2 is used as a GPIO, or D2 as a
PWM while A5 is used as an analog input. However A5 and D2 cannot be used as

independently controlled PWM outputs at the same time.

Technical specification

1. Absolute maximum ratings

Parameter Symbol Min Typ  Max  Unit
“supply mput ypOdle. — e NX v
‘Supply Outff Curert 1) N 1\
supply b T B\ P Vo R 2Pt Y
Storage] forfRerale [T AN N R !
| énabtenvgarltage VEN \V¥s VV|N%O.6 v H
ESD Suseaptibilty-HEM (Hurnan SodyMode) Viay |/ 7L\ T\d - kY

2.Recommended operating conditions
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Notes:

Parameter Symbol Min  Typ Max Unit
S — Voo 436 455 v
Supp{y ‘in.put .Véltage Vays +3O +33 ”+3..6 Y
Supply Output Voltage Vi a8 y
‘Supply Output Voltage Vi B3 v
AS“uppLy Inp.ult Vél;t.agé - V.\;;AT +1.6.5. +3.6 | V
mégpply Input Current .(\./BAT). lvgaT | 19  UuA
O.perét.ing Current (Wi—Fi on) N ave | 80 | 100 mA
Oberating Cﬂu‘r“ren.t (Wi-Fi on) > IV;N. ;,k W, 235[1] 430[” mA
Operatiﬁé éurrent (Wi—i;i on,‘\‘w/po;Nersave) 'IVW a\.,g. 7l ©) 18 17(730[2] mA
-Oberatiﬁg Current (W!—F|oﬁ‘) lvin avg “30 4‘0. mA
Sleep éurrent (5V @ VIN) lgs 1 2 mA
Deep Sl;éb Cu‘r.rer;t (5v @ \*/4IN) N IQ;jS ‘80 100  uA
Oper.ating :I'ermperrature | Tep -20 +6O | .;’C
Humicity Range o cobiensing YeETE Aty 05 %

[1] These numbers represent the extreme range of short peak current bursts when

transmitting and receiving in 802.11b/g/n modes at different power levels. Average TX

current consumption in will be 80-100mA.
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[2] These are very short average current bursts when transmitting and receiving. On

average if minimizing frequency of TX/RX events, current consumption in powersave

mode will be 18mA

3.Wi-Fi Specifications

Feature

Description

WLAN Standards

IEEE 802 11b/¢/n

Antenna Port

Single Antenna

Frequency Band

2.412GHz -- 2.462GHz (United States of

America and Canada)

2.412GHz - 2.472GHz (EU/Japan)

Sub Channels

1 - 11 (United States of America and
Canada)

1 - 13 (EU/Japan)

DSSS, CCK, OFDM, BPSK, QPSK, 16QAM,

Modulation

640AM
P® module Wi-Fi output power Typ. Tol.  Unit
RF Average Output Power, M Avail. upon request +/-  dBm
802.11b CCK Mode 1:5

11IM & +/- dBm

1.5

RF Average Output Power, 6M 2 +/-  dBm
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Feature Description
802.11g OFDM Mode 1.5
54M - +/-  dBm
1.5
RF Average Output Power, MCSO0 = +/-  dBm
802.11n OFDM Mode 15
MCS7 - +/-  dBm
1.5

4.1/0 Characteristics

These specifications are based on the STM32F205RGY6 datasheet, with reference to

Photon pin nomenclature.

Parameter Symbol  Conditions Min Typ Max Unit
Standard I/O 'Input low V"_ -0.3 0.28*(\/3\,’3‘ V
level voltage 2)+0.8
/0 FT™ input low level V. 03 P32 V- V
voltage 2)+0.75
Standard I/O input hlgh ViH 0.41*(\/3\/3- Viys+0.3 V
level voltage 2)+1.3
/0 FT™ input high level Vi W 30N DAV oy 5.5 Vv
voltage 2+1

V\H V3v3 < 2V 0.42*(\"3\/3- 52 V
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load (buffers enabled by
default)

Parameter Symbol  Conditions Min Typ Max Unit

Standard I/O Schmitt Vs 200 mV

trigger voltage

hysteresis'?!

I/O FT Schmitt trigger Viys 5% Vays®! mvV

voltage hysteresis!

Input/Output current @ +25 mA

max

Input/Output current i +120 mA

total

Input leakage current™® 1, GND < V,, < +1 LA
V3v3GP|OS

Input leakage current™ 1, R Vi 3 A

I/OFT

Weak pull-up equivalent Rpy Vi, = GND 30 40 50 k Q)

resistor'™

Weak pull-down Rep Vig = Vays 30 40 50 k Q

equivalent resistor®

I/O pin capacitance Co 5 pF

DAC output voltage Vpac 0.2 Vays3-0.2 V

(buffers enabled by

default)

DAC output resistive Roac 5 kQ
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Parameter Symbol  Conditions Min Typ Max Unit
DAC output capacitive Coac 50 pF
load (buffers enabled by

default)

Notes:

[1] FT = Five-volt tolerant. In order to sustain a voltage higher than V3V3+0.3 the internal

pull-up/pull-down resistors must be disabled.

[2] Hysteresis voltage between Schmitt trigger switching levels. Based on

characterization, not tested in production.
[3] With a minimum of 100mV.
[4] Leakage could be higher than max. if negative current is injected on adjacent pins.

[5] Pull-up and pull-down resistors are designed with a true resistance in series with
switchable PMOS/NMOS. This PMOS/NMOS contribution to the series resistance is

minimum (~10% order).

Mechanical specifications

1.Dimensions and Weight

Headers Dimensions in inches (mm) Weight

With  1.44 x 0.8 x 0.27 (36.58 x 20.32 x 6.86) 5 grams

Without 1.44 x 0.8 x 0.17 (36.58 x 20.32 x 4.32) 3.7 grams

2. Mating connectors
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The Photon (with headers) can be mounted with (qgty 2) 12-pin single row 0.1" female
headers. Typically these are 0.335" (8.5mm) tall, but you may pick a taller one if desired.
When you search for parts like these it can be difficult to navigate the thousands of

parts available online so here are a few good choices for the Photon:

MFG Part
Description MFG Number Distributor

12-pin 0.1" Female Header Sullins Connector PPTC121LFBN-RC Digikey

(Tin) Solutions

12-pin 0.1" Female Header Sullins Connector PPPC121LFBN-RC Digikey
(Gold) Solutions

12-pin 0.1" Female Header Harwin M20-7821246  Mouser
(Tin)

You may also use other types, such as reverse mounted (bottom side SMT) female

headers, low profile types, etc..
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Department of Electrical Engineering
(Electrical Engineering)

EARTH LEAKAGE SENSOR DEVELOPMENT AND IMPROVEMENT
WITH 10T TECHNOLOGY

Nonthapat Lertpasopsuk, Noppanun Maneesut, Pithan Rattanamaneewong, Panupong Wongta
and Asst.Prof.Dr.Nirudh Jirasuwankul

Abstract
REe trcs At B

This project presents the design and development of a struy voltage
monitoring and warning system for the flooded areas. It focuses on
improving ability of the sensor o having better precision and accuracy
with new circuit design. As a resull. the technique can be used in a variety
of geographical arcas that influcnces problematically with stray voltage or
earth-leakage current. By installing the modified sensor 1o any [oating
device such as radio-control ship or drone, the wide flooding area can be
explored remotely and safely. With real-time duta uploading to the cloud
server through the [oT device. the stray voltage of the flooded area is able
to monitor and display continuously on the mobile application. The first
phase of project is designing the optimum range of probes and designing
cffective voltage measurement circuits using “Instrumentation amplificc”™
o filier the imerference signal that may result in devigtion of
measurement. The second phase consists of empirical model of voltage to
distance approximation und AR -based monitoring and warning application
development. This development aims fo create safety tool and prevent
unwanted cvents such as injury and loss of lifc caused by clectric shock
during Moods.

In ct

Electric leukuge in waler commonly comes ulong with Mood. The leakuge.
voltage cannot be inspected by human eyes. This research aim to avoid the
hazard from clectricity by using voltuge scnsor with [OT and AR
technology and to imprave sensor accuracy. The experiment proceeded in
constraint cnvironment to simply analysis.

Mlthodoloa

The step voltage across water is small and noisy .We usc precision
rectifier, invert amplifier, instrumentation amplifier in sensor section 10
provide this measurement. Analog  voltage value s measured and
calibrated by microcontroller . Then value is sent 1o cloud-server and
stored in server. If server has request from application, Tt will send the
stored value and show in application real-timely,

Email: nirudh. ji @ kmitl.ac.th

. Results

When the vollage measuring device can be accuralely measured, then used 1o
measure the value to study the distribution of step voltage in the water for
creating equations that are used o estimate the distunce from a leakuge spot.

SLMLE AN (ASNLOD AN (LA

n on

This rescarch project has been designed to create clectrical scasing devices,
flow of electricity wnd electrical detection devices, applications on Android
using Wi-Fi modules to send the measured valves.

Flectricul leukage detection devices are very uscful in preventing death from
electric shock and can easily deteet electricity, sing an application on Android 10
read the voltage and distance between the voltage source and the current
detector.

*s Guide to [ Amplificr 3" Edition

12] Jie Liu, Farid Paul. Sharon Tee : Analysis of Current Density in Soil

(11 A Desig

for Resistivity M ments and Electrical Grounding Design
|31 Ruymond M.Fish,and Lesile A, Geddes : Conduction of Electrical
Current to and Through the Human Body
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