: o o v a ) .
Tassnglsanaiienssadnsziuarnuseuazusunuruazany

Wireless Sensor Network for Sound Pressure Level and Dust Measurement

svigasse Towes
PATTARAWAN JAIHONG

IR AIUsLESg
YUWADEE SRIPRASERT

agninusidudumisamsineauvingasiagisnssumansiodio
sniviaansadidnnsaiing ;
ANZAAINTIUAIART
suumalulaBnszasuinananauymsatanselis
W.A.2559



Tassv1gl5a1emansa9InTzAUANALESUSINMEUAZ DD

Wireless Sensor Network for Sound Pressure Level and Dust Measurement

s lansd
PATTARAWAN JAIHONG
80 AUISLETS
YUWADEE SRIPRASERT

a

U%wvmﬂﬁwuéﬁﬁudwﬁﬁwmm:iﬁntnmwé’ngmﬂ‘%wumuﬂmnssumaﬂiﬁm%
dvdrIaanssudiannsaling
AN IFINTTUANANS
a01UumAlLUlagnTZIRUNANIIAUNIITAIANTEUS

W.A.2559



' = Y] o o 1
lasevrelianenansiadnseauaunazysuiuluazand

Wireless Sensor Network for Sound Pressure Level and Dust Measurement

mavind laned
PATTARAWAN JAIHONG

gn AIUSHESY
YUWADEE SRIPRASERT

ol e
2197138 Un9

NALGT. NAY T8N

¥

U‘%t;y,m'lﬁwuﬁ‘ﬁtﬂudwwﬁwaamsﬁnmm:uvté’ngm'sﬂ‘%mvmuﬁﬂ'm's'suﬂ’lamﬁmﬁﬂ
d1vnivianssudidnnselind
AMEIAINTTUANAAT
aortumalulagnszaauindnidnaummsainnssds
W.A.2559



Yeyaniinug
AU
ANY

-
17d

Un1sdnw 2559

Amnssudidnnselind

Amnssuenans
anumaluladnszaauinddnnummsainnsed
Tasstelfanaitensainseiuauduasiinuuazons
Wireless Sensors Network for Sound Pressure Level and Dust

Measurement

UNEANANTITT Tanad SYd 56010916
NI fIvsuiesy  sWa 56010990
S1EULHIUNITATIVEDUIALBINTENUTNWILAT

g\ —

(HA.a5. NAU ITsTY)

cal |
21158MUIN



o @ a ¢ 1 1% - o 9 Y = |
NataUs gy iinus lnsangliangiensininsgiuanuduasUsunruazens

UnAnw UNATIINTITIY AN sYAUTEA10 56010916
WAL AUsElEsy sWiaUsednd 56010990
USeuan ANTsUMERTULN
7197797 Jenssudidnnsaiing
Un1s@nwn 2559
e’d = a a
2197158NUS N lASIY NA.AS. NAU s
UNANED

Tnsenuatuilifunmsussgndldnululasnaulnsameslumsoanuuulassieldane
L'ﬁ'amqﬁmxG‘fumfmﬁa'uaal,ﬁwLLaxﬁJ%mmp’{uazaaema’[umms sruudusuuiivanua 3
Tnun ustazluundsznoudelulasaeulnsataasviimthiszinananfildsuanlugaidos
waziduwesInusiaruazoatlngld real time clock module Wumuennan Yoyailay
gniuiinlilumalidnisauasdsriulasse Wik gt sever muiaaniidivualy T
server asmmm%’m&aﬁ"’a 3 uauanIuuntil webpage usnainiwesniaasaunsaiinis
mpgunsailavaleyssinm



Thesis Title

Student

Degree
Department
Year

Thesis Advisor

This project is the application of microcontroller to design wireless sensor
network for sound pressure level and dust measurement inside the building. The
prototype system has 3 nodes. Each node consists of -a-microcentroller, which
processes data obtained from sound detector module and dust sensor by using the
real time clock module as a timer. The data is saved on the memory card and sent
via the Wi-Fi network to the server at a set time. The server collects all three nodes
and shows it-on webpage. In addition, the server can be accessed through variety of

devices.

Wireless Sensor Network for Sound Pressure Level and Dust

Measurement
Miss. Pattarawan Jaihong Student ID 56010916
Miss. Yuwadee Sriprasert Student ID 56010990

Bachelor of Engineering

Electronics Engineering

2559

Dr.Kasin Vichienchom Assistant Professor in Electronics

Engineering

ABSTRACT



NARNssuUsZNA

nsdsegndldanululasaeulnsaiaesinlassingl¥areiionisnsininseduanuds
wazUsunduazoaslunfidannsadifoqgarmuinguszasd  desvevauangdas
mans19158 as.ndu Wdeson e1915dUsEIAInimnsudidansedind Alduuziuay
PromdoruiliiAn Project Fuiiiuun vilingudduldaosufialunislimdaing
lulasneulnsaaes AnuAtamlunmshaueds veveunnerasdvinuduquazfuiinivaeln
Auuziluiumsi@eulusunsy waznmsidenldgunsalaneg saflamsideaasinaiuigua
navienluusiazduneu yovounnauq it fuLugiuasuilatigmlsuiu

anineiidmidwaveunalunstiemdevesmnauiviill Project Tudnsanuadas
wld mnfawatandatsznisle Fesueedenn w fidse

[

Mmsss lavey
g AUTBLESY

9



PN

R et i it sem——— I
UNARI BTN Wi ssesssss s [
AN TUUTEN Lot see e ll
BUVSTE v wosonssacsaseosess om0 550360555 G SRRSO \%
L g R VI
ATTURYTU- v sns st vl
Ty S i
1.1 TUMUAZAVIUETUUBITIUI. e 1
R NP AT O TR NN TS/ . N\ 1
ACRIGIET NI AR e S WS ot errrn I N OO 2
W GOUEE) A TR D (2 0 VNN A RN\ C A0 PR \ W . W 2
uvil 2 neuifiAeToag.. e, M L& \ TR R e A\ 3
2.1 ey .. 82 L0l \8 N\ . e e b/ Lzl S < AN 3
2.1. Urhsasr R Erromthi L. Y W/ T P Yo 3
2.1 AU ST VA A A AR AR AN RS L . 4
2.1.3 W\ el dne BB T 7 (o I - e ocrene 5

2.2 HUATODIUATNARDGUN TN oo enfrt st s sssonsshethes s e 7
2.2.1 WA YD UAEOOTRNIY ..ol 9
2.2.2 WANTEVUYTIEUALODI L .. il ibsmentesressoeseerensensssinnesboessbondbonessensessnsssssnssessnnees 10
2.2.3 UWUIWTUAISUATTYRIIA ..o e 0t eeecenrecreenee e 11

2.3 1A39ER DS 15818 (Wireless Sensor NEtWOTK) e 11
2.3.1 U Ut U s VUL DU IS A et 12
2AWED SEIVET .....crricssiniciriiniisins i istissssistssssssstesssiasasssssieesassssssssssssssstssssnsiosmssessossansassraiss 13

2 5 Clourd Berves o i i S S R R 14
2.5.1 UTLLYUUDA CLOUT SEIVICE w..ovovovveeoeeeoveeeee oo 15
2.5.2 MTVABNIY CLOUT SEIVICE....ovrroooo e seeeseesseesee e 15



d15U%y (A9)

TN
UNT 3 ANTEBAUUUTATIVIE oo 16
3.1 UM NIV N TUTBITEU oo sse st 16
3.2 ANWRUENTTVI N MUYBIIIDT oo seeeese e seee e s s ees e s 17
B3 MTOBNMBUU oo eee e e s eee e ees s se s es e 17
3.3.1 NIDONUUUNNATY HAIAWATE ... seeveeeresesseseseeesesesee e 17
3.3.2 NITODAUUU SEIVET vttt ettt e e s s ene et annaes 24
3.3.3 N1TODNUUN NI SOFEWEIE. ..o sees e s sesene 25
3.4 qﬂﬂiiﬂ“ﬁlﬂiﬂuizw ............................................................................................................ 26
3.8.1 810U (ArAUINO) ..ovveescivcsielieb bl S ssnsons 26
34.2 qu}aLﬁEN (Sound Microphone Sensor MOAULE) ..........c.iiveeeeereriesreeeeeeeereeens 27
3.4.3 1A304NSI9TUEYY (Sound Detector MOAULE) ........ic.ovveeo e, 27
3.0.4 1 9U9R 3 INUTUIINUAZODY (DUSE SENSON ... oo oo 28
3.4.5 WiFFi Modihes BRI ¢ /. 888\ 2 Z AN 20N A X 29
3.4.6 bP Gard Moy N oNLL.. Fos... \ M et oy, L2 AL 29
3.4.7jReaty e AAGK DE 3P 34 IMogikiead, W, LI T I s b m. Lk .............. 30
TULERTEY, 1 VT ET 07 el e PR, itinessasmasiuy G {9 N | g O Tl Y S 31
4.1 N5VAAe99IN Dust Sensor ay Sound Microphone Sensor Module.................... Bl
4.1.1 s inuianaduayoealuan UTMAUUUTR et 31
4.1.2 veaeuInUTH MU LR UMD IO TUMUUTA .o e 32
4.1.3 ﬂ'1'314'1mmé’uﬁuéiw’i’mu,auﬂﬁfgml,aﬁwﬁ’ummﬁ’aﬁﬂmuﬁﬁhaf] ...................... 33
4.1.4 Wisuisuszavauasnuennaaduluausnliuiay SPL meter
sulldfiavieuiisussiuaudinuewnatuieatuluamnsminusudeatu ... 34
415 ’J’ﬂdﬂLLauwﬁgﬂﬁmmﬂmtamw‘mﬁmﬂ Sound Microphone Sensors Module
TS FURTIIIFII .o 35
4.2 NMIVAae991N Dust Sensor kag Sound Detector Module.........c.ccveeveevcecieceean. 36

4.2.1 InUTUIMEUIN Dust Sensor wawsEAUAINGIIIN Sound Detector Module
via 3 nunluanwduiswuuladuia 3 il Tagderwnds Server nneg 5 w1 ... 36
4.2.2 NMIVAADIMIANUFUNUTTZNIN9A Voltage U dBA) ....veeeeereeeeveeeeeeeeeereerree. 37

8.2.3 MITUNGUONTOUNEY oo 40



#1508y (%i9)

L
7y

< v
UNN 5 ATURNANITNADDIUAZYDLIUDUUY ...oooovoevererrerenrenienssessessssessesssssesssesseserssesssess s 43
5.1 ATUNANTIVINRDY ..ot sesesesnsss s 43
5.1.1 MAae931N Dust Sensor Wag Sound Microphone Sensor Module.............. 43
5.1.2 MinmadIan Dust Sensor UWag Sound Detector Module.........coeecviecvecennee. a4
5.2 UBUAUBIUY ....oovevveevececeeeee oo eesees et e sssessseessensonesereeseeseeses 44
U T T TN TU et 45
PRGN ool oo cossmesmrans I 55 5 S e R L a7

Vi



#15U8A1519

A5471 Wil
2.1 sefuidesidasiadoasdadussos U iRnuddaldlifuidmuadetu........... 5
2.2 1NASFIUTEHYIA O RIEUTARUENN o 6
2.3 uanIAASEIUAMAIEINAIUUTTEM ARG e 8
2.4 WARIYUINBYMALAEITIINGTEUUNIMAUNMIETR s 9
2.5 uananassruduazeadluussnialaeviiluvesUssmelng w.a. 2535 ... 10
4.1 sysuanuiadesieumléan SPL meter FUATIAR (V) oo 37
4.2 A Digital 7iuUaslag ADC 183 Arduino AURIAR (V).ooo oo 39
4.3 FN5UART % AIMAANAIAYBITENUANUAIT IALHTY SPL meter. ... 40

VI



GREVITEAY
vy

U7 Wi
2.1 UHUDAWARIMTIABUTEN oo 3
2.2 vuneduazosdiiaeeidirsruumaiulauaEINAROEUNIN. ... 8
2.3 syuulAIetgliaanuu Client/Server %38 Infrastructure Mode.......v..evrrveererere. 12
2.4 M3¥udeloyaann Web Server {1umn4 Browser 1agld Protocol HTTP.......ccccc....... 13
2.5 U3M3 Cloud Mlanunsaitndss e gunsalimannanBuU TN ... 14
3.1 WU TV INULUMAREIIUR ...oooocovssees e sse e 16
3.2 WATUNITEUUATITINTEAUANUAIASYTUAMRUALOD .o 18
3.3 H9399501851U SOUND DEtECOr MOTULE. ... btenscbbnaseeeseeresessseeeseeesseeseses e 19
3.4 R399 Preamplifiglf ... .. NN o ptlen s rerrse I seseseserenersasssinsnssasesiess 19
3.5 2995 Preamplifier AVINTORAMUU ..o e 20
3.6 Frequengff fesponse GurVas B9 Z . [ Lo R = e o I vvvmmm oo M N sinnesnnnssinnes 22
3.7 AC Tranpfr Chasartaliftic Ll =7 2. L 90 \ C oo N o Lo o X Kt 22
3.8 Openg gop Gajpt T MNRABEaC. 0 /. .\ Py gt * N ..om- AN 22
3.9 1997 Peak Detector Waz2393 Buffer Amplifier ... i 23
3.10 299 it Irigabts td-Ad. . VY. SoRal WO Bt 3 fe o ) 23
3.11 nMadaudalud Server 1neld Remote ziinsen S ) | N e S N S 24
3.12 Systam\ Blochdi@srarp e AU o H0ERA TN O L 26
3.13 Arduinp\UME} B3..... 600" N - T oo SR e 0D v pme el vvivncinirinisins 26
3.14 Sound Niyoghgne SENPofRIORNE ... [ AT L. ...cogim il sosninsiiiasisesss 27
3.15 Sound DexgWoTal oguie e e T o Nl sversrisienns 27
3.16 1/0 Connector of Sound Detector MOdULe................ccieciteniieieeceeens 28
ROV T g o L S Ny, SR ¥ WA———y ., Y N, WD o I ———— 28
3.18 Wi-Fi ModULE ESP 8266, ottt gt ....o.coossssssasssossstssssessssisssnsoraones 29
3.19 SD Card MOTULE. ..ot 29
3.20 Real Tirme Tlock MOBLLE.......comwmummsmsmssssmssssimssmsssssmssassasssisssises ssssssosssonisissiasssmisssssicisstss 30
4.1 neaevinUTinauavesdluaniuduiisuuln
WAETUANAT 0 1980 22.00- 01.00 Ue coovvevvvriivrescensessiessssssssssssssssssoes oo 31
4.2 nyuansaudiiussEhaian (und) dudinarduazess
(Ha@nT0/gnuUIARURS) TUADUTUIN. o 31
4.3 neapyinAuUTnaduareadluieiauuuule o 18 16.00 -19.00 Y. 32

4.4 asmluansmaduiugseninanan Guad) fuusunasuazess
({adn3u/gnuraiiuns) TURe IO IUMUUTR. ..o 32

VI



#1350y 3U ()

gﬂfff RN
4.5 NHC Tone Generator Program fOr TSt ..o seess e 35
1.6 nTINLARIAMLEUTLSTENI9ALE (H) NULBNNGEYA (V) fiszuAus 85 dB.......33
4.7 Massudisussauanusaniennainduluaunsmlnuiu SPL meter......oen. 34
4.8 miSsuiiisusgiumuisanwennddudeariuluausvlnusudeniu. ... 34

4.9 nIMUAAIANNFIRUSTENTIUBLNAYANAINIUINT Preamp (V)

UWAZULINNAIANAS mic (V) fUAILR (Hz) TiszRUAIMS 75 ABIA)- oo 35
4.10 NTMUARIANNALNUSTEN I UBNNERANAIME LIS Preamp (V)
LazUoUNAIAYEY mic (V) FUAIR (Hz) 75 UAIUNT 80 ABA) oo 25
4.11 nTUARIAAUFIRLS SENINLBNNAYANE I U995 Preamp (V)
UAEUBLWARAVEY mic (V) TUAINA (Hz) 52MUAIINR 85 AB(A) .. bt 36
4.12 NFINUAAIAMNFURUSTENINITZAUANUAIIIN Sound Detector Module
STERUITT: 1 (TP o2 B a2k AN P 1 [ \ W 36
4.13 nymldnsnnudiusseninauiunasuain Dust Sensor

37 3 TAUATIEURUAY oo L RN S P = 1 IS 37
4.14 nTuanImEIRUSTEIn s um LR aE BaTie uale

910 SPL M&teenUrnteef i) o). HOIOINIAION € 7 TRy~ — §4 .. 38
4.15 nsluanimuduusssninee Disital fiuvaslag ADC

YD Arduing FUANARA. . Ll il seethc oot ettt i S 39
4.16 Mminmuilnandeyadouniususasluuean Webpage......... i 41
.17 WS .csv TANATIIITIIER o et e, 41
4.18 VYAEDUNRIVBIMAALIAUADIN SD CArd.......ooo Lo et ssesseense a2



1.1 Mnuazaruddgvasilym

maivturesszannslusasinuiivesUssmedinariigy Antlymfinsenusia
dwwanden virldanmwindoudenlnsuuanduiv fsarnauesnisidauaiivlu
anuadenfomslinnuzindossudinniu afulwainlssugnannssuuazanisieg
U undeiladuazesssineg sulludadsaaniedessud wiesdns uazanutiudfisineg &
fusnadnnifulemardmadesouyudianemie 3ala mevihau msdearssneg Tnglu
882810199 I ARlsAuTwnTinla

fafummmandssinuinaiianmandenduiuidemaidososiimne lidtiee
HuafiwiAsandgidanniuly duaiuiliiaainaiusovionuuninavinasnniduly
s ImmlﬂﬁLLé"ngthlija'lmini’mm:JaﬁwﬁlﬁﬁwmLUa'ww'%ai’mﬂ%mmﬁhummiﬁ'nlﬁ'i’l
Uihaflegiviinamafwnnuietesiiiedla aunsadeliiasunsieldvield ssuunsanda
srAuATIAUAsYTINa uazepsuUUlas ielianeR adhuliunu mdeTinuszdr uiRelw
ansevdndesanuinadiiannaaividelifnsusneredenisiyedls Tasszuy
warn etz inauuesesianAdudinavluaase g fisdeantsmsu uwéa
dufoyamnustliasySinaruatsasluiuituquansiuiunazaunsagtoyadounddls 3.
lfazmnuazsanslunsgioya ndedldvussuvannsoidoyauaiuitinldlurings
Twseriuasudlvilamlugadugsely

unfavedascnufe ssuulasdesuulFmodonnainseiunnufuasySinmly
avonwsllugafouas idugesiauinauayessusznouiufiug 2 Tnuatuld uas
munulaglinaulnsalass (Arduino UNO R3) udrdadayanau Internet of Thing (Wi-Fi
network) TUgfs web server udrannsauansaiialalu webpage Snvisdsannsngdoya
foundufiethfeyauiinsisifmansznuvasmnndeeiiinanusnadieiuduay
Yainasuazensiiuiniiuly AeliAnsunseseuyed iatastuvdeudladeiinduld

1.2 TnUseaApIlATIY
1. AnwinisiBeulusunsuvedlulasaeulnsaiass Ifaruisoirauldniud
fautimangly
2. a%’N%yumuﬁmmm%’ummmﬁaLLazU%mmu';uazaaqmmL%uwaﬂl,é”;fia%’aagamu
Wi-Fi network 1Jusiavla
3. Anwmdnmaihnuwaenisldnuresdugesinduazosuazlugaldes



23 AU b7 1 1
4. anunsauanstoyaninlaoindugesudazluuauy web server laguandsiu
webpage 4]
dl o 1 =
5. WWBRNN15YN9IU0E198 S UULU UMY

1.3 UBULUAVD AT

1. WannTusunsuilsuszananatuidumessauvisduiindoyalsdl memory card
LA¥ANIAADAISIU server HIUSTUU Wi-Fi

2. Juulusunsumuguaisdanulifinisdedeyavieswiandeyamuinaifiis
AOINIT

3. szuuvineuluaniizuanasuiuula (In door)

4. uansdoyauu web server lasuands1u webpage awisannilnandoya
foundanin webpage ¢ saulufeanursagan memory card léilauriy

1.4 /1A

1. Anwimsianuvesdugadssasnduieesininauduazoos
Anwinmsidenlalulasroulnsalaesiininvauduanudesnisiunisiluldem
pONLUULaLIEUlUTUNTNAIUANNITINTLYBASYUY
NIRRT e A AR SPay

B W

nageuMIMULazUsuUssunlalulanaiaudmang



unii 2
aa ]
naefinedes

2.1 \Jyq

deadurdudanaiiinnnmsduaziitouvesing iotngduanioufesilmianissn
fhuazueefvesniudes wazgnasiudnats iy enna Uy desansadumesiugans
Tuaonugineg veamad uazvowdails uwildausadumeduggyannels

Stimulus Response

o S

2.1 unugiluanansladudes (41du : adudes unewiy, indos aaswnds; 1To0: 1wad
a b od e ] s A Ve L/ =) L7 &
Fuinslasy; 409 anasuaad Te9nneauanesnslaBwy; du:duwaduseam) [1]

%

)

=

SUN
u

2.1.1 A15IAANNLIIVRLTE
USinaiilduansmamnsavesniuidedueinia fie uoumdgn Sewmnsataled fai
L-ANUAUEIAE TEAUATINAULADS (sound pressure and sound pressure
o 1 [ dl =l nl nJ s a ] al 2/ (=1 a s
level) Ao MANURUTDIRRWEBIMUAsUlUIINANAUUSTIIMAEUAR wienldenaidu Tadu/
- o S a va o = a ¢
AF19URT (N/m?) %50 Pascal (Pa) mmmuLaaqumﬂnmmmmlmauw-mm 1,000 1850 Ad
2x107% N/m? manupuaedalunismsindasesuanududssgsdniaslunisindeadund

LA
AMUAULAES 2x1075 N/m? = 0 LadLua
at Q) < P
FYAUANUAUEYS (dB) r 10logE— (1)
0
- v al
e P = AUAULAEY N/m?
P, = ANNGAULAE91989 (2x107° N/m?)

2. AMUULLEEN (sound intensity) fip Wit udswaduReniianisa Ny
wunnilahgaufianenisnsyatefveadssinihoduind/maauns (W/m?) seduaiiy
v o . . | 2 Y = al ) o d
WLEeN (sound intensity level) luAmANudnvendesninlduSouiioutuanuduus i de

Y a o | = 1% ° P va o w 9] v
81999 FadlAr 10712 wy/m? Fadurrudidesihaeiivauannsalddy Wedenisiannnudy



= @ o = = 1 < a v [ LTI a ] 2/
"UBQLE‘IENI‘LAEU‘ESG]UPYJ’]JJL‘UJJ‘UE]\‘JLﬂUQNWU'JFJ{,UMLW%LUE ‘L‘ﬁ‘iﬂﬂUﬂ’J’]m"UN@’Nﬂ\‘i zlaIANULTY

GER

10712 W/m? = SEAUAULINYDAEES O Wwdlua
I 2

sEAuAMUY (dlua) = 10Log(l—) (2)
xf

P v a

Lo | = ANUAULAEY (W/m?)

Iy = ANUAULEE1984 (10712 W/m?)

3. douarAnuIndns (The medium and the speed of sound) Inevaluides
P a <l o e o 1w a a = < =
nnaudsedeunlumeausiviiueane Tudevlanieg muSweadswvulsmuany
9n (compressibility) ANUWWILLUYeIdDIIAATlUg M RN muAlA
4. NATFIUBWBMNUMTINLAEY Headl

1. dB SPL #1804 S¥AUAINAULEEY MUSuLiaufuANUauen9d
0.00002 Pa %58 2x10~3'N/m?

2. dB It vuefs SEAUANMMATY MUSausuiUAINULIND198
10712 W/m?

3, dB(A) -nuete sEaUmMINAULdsa R usuas1d@UUS s U Rauiuan
ANuAuYNANENIalaaTnNIns TRsEauLdsa (sound level meter) &slda3asaaeimtin A (A-
weighting network) UsznaultluiATey M5UE NI TONDUALD AL YALTEAINUDALALAIND

Y a A a v v al awv W o = .
geladiduiiavua viundewldinseduidessuniunazeniddaduuaiyueades (noise
. P a o 1 2 el Qs € a
pollution) |ilesannidnwusnianeuauesaidsdndideeiuyayudiiniige
e ) oA = A o ) )
4. dB SL #UIEn95EAUANAULESNMILUTIULN 8 UNUAINAULRNE
ni dl Ve 3 q'» 1 d <l n' Uy 2 as gj
ANDUBUATEINTIINT LAY (audiometer) Buluaadtveslnsuvesmslddureuiledy
= ot as =l d =l =] al at
5. dB- HL wugieseiuaslauldsenlseuiieauiuanusuianie
o o e b = e 1 < =l a e =
ANNVBILATBINTIANTS DU (audiometer) BaTurItad a0 N5 ABUTaIAUUNR
o] a0
(absolute threshold) NAINDAN99
2.1.2 Yszinnvaude
al a a A a A = a a a a ' =
1. \@u9usans (pure tone) ABidndAMuDAIRLNEIPADLAET LoU dB931n
Foudus 1uduy
2. \fuanan (complex tone) Aengundsaiiinannidesuianivaieqaud

Ly 1 =l = = = o = 2/
FINU LTU LFUINUAT FFUINA LELITDIUN RUVELD]



2.1.3 wmsgruveadeslusaiuusznauns
° 3 Ao a YR | Y a w | )
mMsynauluaninwIndoundide s gondanalilindunseragquaimeunsloves
12 e sy 8 4 o at = o v oa d =f = Ve, Vv
AUfURMUlE AddgReeraviliiinUszavmdeuauienisagdonisladuiuuansiddne
s 1 =1 o 12 =l [ = ¥ d
wignadenanFedndusosinisivunnesgiuvesdsduanulsznaunstuiieUssleviily
at LY a‘ = el!) 1 £ = e v o a/t A o
nstesiudunsigandesienaindudefujufiauld dmsvumsgrudesidinunlag
. . . . 4 Ao 0 o
American Conference of Governmental Industrial Hygienist (ACGIH) %GSSQL%GWNWGLHE}Q
d'v [~ [
wasNRlusses g Aam1se 2.1
(Y] = S P LY -1 o @ e ase [ 7] 1 a i o
A9 2.1 seaudssinereiilesuasdnluszesnguiiinududaldlifudfimunsnaen
JEULLIAINITNNIURD T

sveplaaTisuidese Tl syauldes dB(A)
16 80
8 85
4 90
2 95
1 100
1/2 105
1/4 110
1/8 115

:: =l o A s 1 d s /s = 1 ! ¥
nugmeg Midewlanasdaiiouesaiduszess awsuiunia 115 dba) laild [2]

nprangIEguARazA N UaaadulunTIUYIEnIToIE M
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seoza oy wliduda (1alue) | seduides dB(A)

8 90

6 92

q 95

3 97

2 100

1.5 102

1 105

0.5 110

0.25 v3etiasni 115

137 OSHA 29 CER 191095 [2]

The National Institute for Occupational Safety and Health (NIOSH) 14
wugthadadiinvesnisdudafvafenaense uziiani1svinmy 8 4alus (Time  Weighted
Average, TWA) fia.85 dB(A) InefguiiRnududadssiannniiideiniusunse

sAnsaudelan (World Health Organization, WHO) Taiwunliufoieu
dudladnalaliiiiu 85 dB(A) maeam s 8 9l iledestunzuszampdon

dmiuusgalnelafinsimunuinsguveadsdasnsevisaamalng eseyld
lutsymAnsznnamalvg Searnuvasadslunimiudesiuanizwnden ondesiung
mudaarilude 27) wiwssnemesruzufiRadui 103 asudl 16 Jurau 2015 favuals
failita

fo 13 meluaaulsenaunisiliignitsaunilmulavhnisdely

1) lfiutuag 7 2l dosiszduidosiligninldsuindotulaiiiu o1
dB(A)

2) \fiundnfuag 7 $alus uellsitAu 8 alus i@seiigninaldsuinderul
LU 90 dB(A)

3) \iunaiuay 8 Talue asdeilszauldsananinglasuinsadulufy

U

80 dB(A)



{0 14 wedlignirsvhanludifisesudeniund 140 daa) 34

Tngagussividssiunnunisenliduialdnasnsyozianisinuiuay 8
Falua ffe Tuihu 85 dB(A) Feaenadastutaimunves Occupational Safety and Health Act,
OSHA fifuuanmnguungatiu HAC-38(Hearing Conservation Amendments, HCA) 1331
TAsansfivin®ins1édu (Hearing Conservation Program) msisuvindlasysuidussatis 85 da(A)

donisvienudusrezian 8 Hrlug (Time Weighted Average, TWA)

2.2 {uAzeRILATHaARBE YN

Auavaesfisiiuaseisegluainiaty Sdei3unidunnanis dufte Particulate Matter
(PM) Beonvagluanimuouvamiovesudsvuinidniinszarvagluainia 1wy syniadnag e
15a Juazess awhlilsueaiulunmnirdudnvazuen wieatu Sunsivainnisgany
aummwéwﬁ%uagiﬁ’wmm Usthas aasadimandl wasamuifuiwveseyniatug

{Jaﬁ;ﬂ’wﬂquazaaaLﬁumaﬁwwmn1ﬂﬁLﬂuﬂmmwé’ﬂimyjn'a;qmw:umumLLaeﬁﬂqmuﬂumm
g fuazessiifioglutssiniasou 1 fais1 Svurasaust 0.002 luasow Fudunduvadlinana
(wosheaUarlidwiu seddeanssmiuvudidnnsew) lWWaudwuslwgni 500 luasou Fudy
dunsrevinalvgiueaiulddonian (duiinesiiudasmiddiivundaus 50 luaseutuly)
Auazesnuansifimmumanamasyesunieniviazesisznou eradanmiuveaudanie
vounaduazens utauasseglusindldu fnanduduazensuiadn @sdvunmduniy
gudnanadosndt 10 luasew) iesann farmilunisandash mndusenssyhaanmeuenidn
dfeador Wy mslvadeuvesernia nssuaan Wuiu szvibitvuassogluonieldum
nniu duaressiidvualvg) (ruadurugudnanslugindt 100 luasew) CRER P VELERERY
ussBNAlAEs 2.3 107 widuazeasitivuin 1nnd 0.5 luaseu enauvruagluenialdun
Wl

Huazonsiflsnsaivdesasslusniaiivedfuvasudsuazasaman Snarnvareuunn

2/
LY

fausuazoasrualug aweliiiy 100 luaseu (Total Suspended Particulate Matter, TSP)
JunenuvuinliiAy 10 luasou (Particulate Matter, PM10) uberuaridenvuialiiiv 2.5
luaseu (PM2.5) uazduaviBeavuinidnun vwialiiiv 0.1 luasau (PMO.1) duazessuun
Inajazanasgitussussisgavadlan drudurualiiu 10 luasou ausauuasyayly

omalsidunauu Yeuuluemaiuyvdmeladhluuazdaadoguameuy
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Tnemluisaginiminresuasesduemaiuiuing 1 gnuiadiuns Tnouanady
1 4 q:d o ) 3 1 o o @
Anadelu 24 92l nsimuamasguaun e nAluussemalasalud eganeldnisiity
QUATEY AMLNITUNITAIUINTDUUYIUIA NTHAIVANLARAY NTTNT HNTNEINTSITNTIRUAY

Awndey

A13197 2.3 uanaAnATEINANA N IMATLLSSEINAlaEY I

wUnHunLaadly GRIDCILRENE N ANUIATEIU Eadniudegnuimiiumg)
BINA L3R

< 100 luAseu (PM100) 24 4l <0.33
17 <010
< 10 lupsau (PM10) 24 Falus <0.12
197 < 0.05
< 2.5 luAsou (PM2)5) 24 il < 0,05
17 <0.025

vanewg: Weuawia 1,000 llasnsy wihdu 1 Sadnsy; evauia 10,000 tuaseu (um) 3

Wi 1 lufuns wisvunaidussiaenffldusiuaudnans 60 luasew; 1suUSunaruazeas
-=! = oa 1 s = a a ot

ANNITFUYAT 1 WU HUIumMIAUY 0.01 §19°0.04 faansu [4]

ssuumadumelanafuduunardudn fudlnssaynuazdesuin dudosns
napaidis vasnaulvy vaenaudes Tuaudgantendauiudiutatwanvomiaiunisla
aynAlueMmansanseeiilveglussuumadumelals 4 35 Ao
L. Interception fis msduifartufindeymaiumelalagnse ldureynadiil
wualugindi 10 luaseu
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2. Impaction fie n1siadeuitlumsiienavesaumela Idudeymeafifuuaig
N 10 luAsou

3. Sedimentation fia N1sANAaMINLTLTLAN Wunaymandvualugndn 0.5
lupsou
, . & ' o w al e < 1
4. Diffusion AB MIUNINTEY dmTuoynensizwiadnnds 0.5 luesau

2/

AN5190 2.4 uansnneynAkarItIgssuumaiumnsla

UVUINDYNA AULNUIVDITEUY "’Jﬁﬁaummﬁwzjizw *ANTENUIN
madunelefilesy maiumela RRPIIE AN
BYNIA 97INA
> 10 lupsou INS9RYNUASYBIAD. | Impaction, Interception | ++++
0.003 - 5 lupAseu vaenaalvgjauiags Sedimentation +
aulan
< 0.5 lupsou flauyan Diffusion 0

WHBIAR: * ++4+4 et vesemalunisindourlumadumelann o lifesende
mui§wesenaluniairdeudiluniadumela (4]

Auageesluussennimatanenleilu 2 Ussian aauuvasiwlavesduazess fe fu
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1. fuazapsiifindunusssuni (natural particle) I fiu vsne iy avessle
1 A funlitn wasduindesansta Wiy

2. Juarensfiinoinfanssufiuywiadhedy (man-made particle) l#ur
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soeuiisiy duinnsiefivduatnnisussmnuuds nsnestandsvesuumaimieuuduma
N5957193

AuINMINBaine 1l AUINNTasNnuL/a1as MIUTUUEIRINIGISINT N3
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| (TSP) | |
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(PM-10) ' |

wanewme) : IAMALRalage Graimetric-High Volume 5]
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o v 8

@/ o Y o 2 o a o d, v et
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&
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wozvaeIng Wudu

3. fieaun meuITuvRILYYE

HuazessriiivuelngreliiAndymuaiwviomniiiondouiiaey duluazens
fanunsadhgseuumaiumelavesyudldfivunaidnnt 10 luaseu duavessuunadnwanil
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2.2.3 uwamslunisuflateyim
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1]
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7. luszezeny dvsuusSiunundnaan miﬂqnwmqwmmuh Woanlania
a = v
neuazessazanysliuinlueIniela
° o vda et XA o | ) & )
8. dmiu gnillsalsziinuies 1wy lsaila Isanaaniden Tsannudu sa
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ssuumaiuvigla lsagdiui Taeneuite arsinseuenysedasialinsa wag wnfiada talaaiu
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2.3 \n3Un8LwULYasliaNy (Wireless Sensor Network)
iwSetnemueeslimeyssnausmegunsalnnadniiizenditluun (Node) Wudnausnn
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luiiildszuuinietelfaeuuy client/server %39 infrastructure mode \Judnuug
msfudsteyalasede Access Point (AP) w3at3undn “hot spot” simihilluagnudonse
'szm'wswmﬂ?a‘ti'mLauviﬁmaﬁ’uLﬂ‘%'mﬂauﬁ'nma%qﬂﬁziw (client) Ineagnszaradymiu
rduingiite Su-dsfeyaiduiailneseu \a3osreufinmofiioglufafivos AP avnaneidu
\w3ovrenguieduiudl InsiaTesneuiames ararisofnderiu visfindafu server ite
uanwdsuuagiumioyals Tnssosdasori AP iy 31 AP 1 0 annsaliuinisiedosgn
eldifie 15-50 gUnsal veaAdnsgnite wanzdmiunnilueeneeietenielisufussuy
wetsuuuliaeiiuluooniln, voseyanieluesUssan eiinusransniwluntsyhalii
1Ny

JUN 2.3 svuuiasetnglsansuuu client/server 158 Infrastructure mode [6]

2.3.1 Yselgvilvasszuuaiorielane

1 flenwmdasiigeraiulsiinstavedoudluiln wiondeuwnenfiamesly
dumbslafidelinisideaste duinetiomasnian asuleiigteglussesnisdsdoya

2. amnsodnsalddnsuagsanga sz lidendeafndaeinda uarlisn
959

3. dnsaveeszuuaTetieliine nsziewall A3n1saundeidiuliada
wiofd AldgiaSetislaiui

4. anenldrelneson fasmudasasu Salisrmgs nsglusszeninds ssuv
wnsednglianslidnduseudeadigssnuinaznisvensiasedefamutasninfuvaieiia
lesshemudielunsfing

5. insetnglimeiliesAnsanunsalsvanauazaumanzanladngligaen

wzansalendnesumisnsldamdasianessuuifinsdoussvingasen 1wy seninedin
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2.4 Web Server

ac ¢ - P a ¢ a a wa ) 1y, o 2y v

L @3WL293 (server) ABLATOIABNNIADS NAITEUUURURANTEMIU server (lunild
T8UUUURNT Windows uaginaslusunsuadudmnsuvinausiuiu web server A Apache

° v A a v s . o o o
web server vimihfiuimsuazdedayaldiu client #vi1n13 request doya wazvazvinng
response (iedwwaansluda client Senvuniivledlilaeldlusinaea HTTP (Juuinsgulu
v ) ] o o = 1 = < A v

MITDIVDUALNNTNBUIUTTWINIATEIRNUIBAULATB WYY FaATegninefeglduateniuay
\AsoiTnefeLIulYR) H1une web browser

HTTP Request

HTTP Response —

Web server Browser

JUN 2.4 M3TudaTayanin web server Wumg browser laeldlustapea HTTP [7]

ssuuUuinig AelusunsufidesiindsasuueiosrenfianosnoulUsunsusvanduayld
muwm'%"amauﬁama%ﬁauqma‘lu{]wﬁ'uﬁa WindowsXP, Windows7, Windows8, Ubuntu
7184 wissuuUfRnsAlidwsuashaivled uasinssuiaies server AidoaduszuuUfuinis
AW LU Windows Server, Ubuntu Server (Hudu

szuuURngs Windows: Server dhufivansiin i ainadnauilagtiuity Windows
Server 2003, Windows Server 2008, Windows Server 20012 1usu quuﬂﬁﬁﬁmiﬁwﬁmiﬂﬂ

ﬂn‘l"d

U3t Microsoft seuuyfiRnstifidlianefidentaduivg defivesssuulfiinisineldau
4y

SEUUUFUAMS Linux Server Yaqtiuiifivannvats i Ubuntu, Cent0s, Debian 1{u
#u sruuUfiRnisiiananse download ualdisanllams ms1ziduszuuufUAnas open source
dofveaszuuufinisiineldimldsne

venanlusunsuivimhidu web server wé S8ailusunsunaeufiunes ua
TUsunsugutoyadu 9 sausne
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2.5 Cloud Service

Cloud Service Apuimsitumioufuduinefiinauiiage auvuldans (fier optic)
wagliane (36, 46) U3t mazmnuugUnsalfivarnnans laidnenduede
ABNWANDS (computer), @usnlnu (smartphone) n3aufiuLdn (tablet) IﬂEJQ‘lJﬂ'iaimﬁ’l‘ﬁ
ansavhauswiulaguinisiiendt Cloud Service

i a i 1% Y Ee |
JUM 2.5 U313 Cloud Mannsauinfemnegunsalinainvanelssinm (8]

Cloud Service Wuteanidu 3 jUluy fie

1. Cloud Storage flausnasinfidmsusiving dniluaasiduiidmudinlngs iy
Wila Wy 2 GB, 5 GB, w3a 15 GB (Judu wavaninsodenuiiiuld (1sdeluiiiidudnvurues
mswduset) Tnsariiudenaliidan uSnas Cloud Storage duitiuluiosvasituiiludfivay
ins1Eqni s gvatuInasiieuinmsiufidmiuiuivdsuiuman Tasagiilusunsudusy
UImsdanis vielsauiunisuSmsiuivanivludnunyuss Website, Application YUY

9 wazaunsvlny
h , & = ¢ s ¢ Al [y § a 1
2. Cloud Application fiausnisvendwisesulal nldlduuvainwatvgunsal uinisi

a

wtduan¥EI9US SN SEEwa NS tws1zaInIsadneausnITidus et wieldusieifaud

1o Fuegiudosmunvasfliuinmsudarse sregvosliuinisussanilléun Adobe
Creative Cloud uag Office365 udu U3nsUszianilaviiufinsiunssenduasiundn
wifagiiuiiiudeyalilduins

3. Cloud Computing fiausnisfisanien Cloud Storage Waz Cloud Application 18113

Aiu widulvgudl Cloud Computing Wwminzivesansilundnldirasidunsidenld
ssuuUijiinis vie Wsunsuussendfildanuiuesdng vinistastiliussndaaildanglud

o ar &

U89 Hardware liun uardsddgAensulandnisiuiivainwane insizyrainslusing

o 1 o b A Aqa L3 o s a’lJ o a aa
annsavihnuswiuldannyninna (idunesiie) lasdnanuiifedninnuninea

9
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2.5.1 Yselyvas Cloud Service
1. PwUszndnldinesu Hardware 19U 1A309 server uazgunsaisng 9

o w A

v 14 L < 1w = s ' 3 v < L
wszgliuimaeTouniauliudy ndrdgyfelideudonaiguagunsaiivaitiusie tasang

Tiuimsagaeuguaum
o =l Y vadaa £ o w e f @ o 1
2. annsovnuiilvudlaniidueesids lnsewzdagiuidunesidndegyn
wis uardiannuimeniazansaldei Cloud Service lhognsauny
3. yheulauugunsaindianuwandaiu lddaziduiinies wiossuuufiinng
2.5.2 nMsidenld Cloud Service
= = :.Jt 1 I = Yoa - g q}
nsiden Cloud Service tuliuansInMsidenlduinisreuianasiuudu ¢
MeliznasisannuInauinzldanu visudnseneiuninensiflogéiae dadady
ngarelddny seadenlimnzanannian vaniduyarasssuainisiden Cloud Service fifl
AMNAINTITRBULININIINIIINLULYAAASTIY winaniluesdAnsnfesdonuinisnll
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Uni 3
2anukuUulAsIvY
3.1 WNUATWNISNI9IUVBI5TEUU
Sound Detector Real Time Wi-Fi SD Card Dust
Module Clock Module Module Sensor

\

v

Microcontroller

(Arduino UNO R3)

A
v

A

L}

Soundvalue (dB)
Dust Density (mg/ma)
Real Time Clock

Serial Monitor

SD Module

= MINAADIT 8.2.2
=( 0.15 * (analog * (5/1024) ) - 0.05)
= YYYY/MM/DD Hour : Minute : Second

' 4 < . a o
WARNIATTEIYN 2 l‘ﬁ'l.ll.ﬁa'ivlllﬂ'] 19U

UAZWARIF1 Avg/counter N9 5 U1l

I

AvgSoundvalue/counter ,

AvegDustvalue/counter Lﬁ'Uﬂ"W]n'] 5 unii

(]

. - o ld I ar & a LY
Wi-Fi module ¥n1siiaumaiu internet 9nlulid way

deludi server yjne 5 il milsasgniAulilu SD card

Computer PC

\.

Table

/

UM

-

Smart phone

webpage

T

Laptop

3.1 WHuNWNSUlueasivug
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93T 3.1 ununmmseuvessruveiuieladn gunsalndvinnsidenseag i
AaUlNIaLaaslaun Sound detector module, Real time clock module, Wi-Fi module, SD
card module, Wag Dust sensor %éﬁ Sound detector module Wag Dust sensor 32¥IA15@9A
Fyaaiiusudenluiidnoulnsaiaefifieynnisuszutanamen Sound valued (dB) wax
Uszurananial Dust density (mg/m3) Gl’]:JﬁﬂJﬂ’]‘iﬁLLaﬂ\ﬂugﬂnﬂw Tuwnizafy Real time clock
agvin1sauAwIaieiuiatlaqiudalul@ Tnsuansat YAReu/fu daluauniidund
ﬂauiwsaLaas‘%‘ﬁ’]m‘séwrﬂ"]ﬁlﬁmmmsﬂixmawmqﬂq 1 Jurnsoududania U/ifiou/u
HlueuniAuid auasu 5 uii aeulnsaiaesavinnismALadsves Sound valued (dB) waz
ANLadwaa Dust density (mg/m3) NN 5 u1it Wi-Fi module Weusa Wi-Fi §nTusid ndaan
fuvhmsdsdayaluds server udrFanzdufindiiddluuds so card

foyavzgnuansium i webpage flssnuutly gunsaididnnsedindynuiaawis
\igliiundadnatiu Computer PC, Smart phone, Laptop, Tablet 1usiu Tasdeyaazgnuan

Tugvvesnsmuaranunsogdoyadeundals

3.2 ANWULNITNIIUVD DT

syuulasaheuuulSarasudeyaa input 910 Sound  detector module wag Dust
sensor 117 controller 91nuuklasndy o aemludyInRdInealiovanaialimdy
) G o w av v | I — P v
ey antuddeyaiiliain controller  deayarau Wi-Fi module - Liauansdoyauu

webpage @usngrugUnIaiBidnnsatindlavnyia

3.3 N1999NLLUY

‘;1 1 @) 1 = i
N1599NWUVTE WUl 3 dIUA8 NI1TBBNWUUNIIAIY Hardware, N1599nLUU
Server WAENISOBNLUUNNAIY Software
3.3.1 N1522NLUUNINIU Hardware
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V-LED
LED-GND
Arduino UND R3
LED
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Vout
i IR AREF |
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| RESET
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—f D12 IC Regulator
— VN D11 KIA278RI3PI
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Vout
Audio AD B— GND
Envelope __‘ Af OBl = | ONIOFF
Gate | e e .
vce
oND —2&— RS g D7
Ad S |
A5 j2 L3 | S
D4 SD Cord module
D3 MR |
Reol Time Clock o RIS | 1aav
A J-"GND sV
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oy — . /eND oy e SRS
SCL MOSI
SDA SCK
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GND GND

l:‘ s @ </ = 1
JUN 3.2 199570958 0unTIIAsEAUMINAILA YT UAE DD

mﬂgﬂﬁ 3.2 LLamwa'f‘wm'm"i‘ramiamaﬂu@asiwﬂ'uaﬁzuui’mxﬁuﬂ'nuéfmazﬂ'%u'lmﬂu
avens Inslugaiiouyninldluiaes 5v 99 Power port 499 Arduino aniiu Wi-Fi module
arldldes 3.3v vilsdesdieasudausestuy luitdenld Ic regulator Tunsanusssulvdivunn
3.3V dmfulnidss Arduino sldlidsedsgnareidmates power jack Tngld adapter 12v
1A TensEuanasIIsuliiU Arduino
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29395718 TuY89 Sound Detector Module

Buffer amplifier

Mic capsule and preamplmer Peak detector
Default gain = 102 4@ dB)
Dofulam R17 to lm.!r gain.
= 10 20
Renove R3 and popu]atr R17 to raise gain,
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2995A9
AF = 9M51U818U89 Pass band 1Wawas (1 + R2/R1)

R
A =1+_2 (4)
F Rl

—1+§%—381 N
1k

A;(dB)=20logA,.)=20l0g(381) = 52.063dB



21

a e
iaNUnANoan
o 1 (5)
" 2mRC,
1 0.159H
= =u. Z
21(IMQ)(IuF)
100dB
i Amplifiers
Open-loop

. 180dB |- = = = ——- Bandwidth/Gain
=
'(iu 4+60dB |-—— =~ —— R Crossover
= [ StopBand_ | ( PassBand _ i
g +40dB p— e e
5 20dB/Decade
> F

+20dB i Rr:::::s?

i3 X -ft
0dB

1 10 100 1k 10k 100k M
2 Frequencyin Hz, (log scale)

gﬂﬁ' 3.6 Freguency Response Curve [10]

< £ ; 7 = oA & = o w
9MN3U7 3.6 Active High Pass Filter 9zl AF MLANA¥AIN 0Hz lUaudsgannudiveoan

| a PRt ] aw ' vy Y i
(fc) 71 20dB/decade Wilomuiifintiu innansvmeon (fo) AldRe 0.707AF Wazus9InAILE

“

EI s q’.lr =y
fc ynAUAAL pass band AelUlaLADS

o oas

< = = < o
Wildnswensesd (Ar) Inedinudgeaninvunlay

fa 3 =) s
LWUURINNINUAYDY op-amp AIUMN
I3 a eal 1 | v ) o
MIYNUL IR LA BSMHIUNNINTBIAUDAEINNTON 90U lIINENN1TNI TS UMD

ganInau
P a0 vV
1| V]ﬂ']’]llﬂﬂf]‘] , f < e out <A
V. €
2. ﬁﬂ??ﬂﬁﬁ%@aﬂ f — fC YQl,ll _ﬁ_o 707A
Vi V2 T

3. ianudgan , £ > fo You o
y F

in

]

mivAuAuYsEy (C2) 20 UF MhwdesynsuufMAIUMIY (R3) 1 kQ 9291

d
v ol o W oo & v P ' a o a4 v oo d
wihfidesudyauniidneusidu oc ldlignuene uaslnasennuifvoswfe fdaiusey

@

o

= ::' v
UAWIN YAAINE noanazuneulUme



22
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3‘1J‘71I 3.7 AC Transfer Characteristic
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JUN 3.8 Open-Loop Gain of TLV2462 [11]
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9995 Peak Detector Uag24935 Buffer Amplifier

2

Peak detector — —"9u—‘j:fa-".f -

E‘Uﬁ 3.9 2933 Peak Detector waz1935 Buffer Amplifier [9]

1N3UT 3.9 Samureeisasfe 2.2 Whuvunduwla Wedyaraaddulalen D2 9v
vhaw uasgnunialaesiuiiugszy C1 mnliiidyananeniveiatu lalon D2 awngan1sviu
fufiuuseq C1 avgnaeyszyesnindufsiumu R9 suiuiifiuusyy 1 Hufhinau
drysyreudumm 116 Ap buffer amplifier Inanannreusnilosadiu Envelope output pin
azlifinaron1svrsaussauenedszquesiifiudsey Ci uaz Envelope output pin @131150
\Heusaiu ADC veslulnsravivsaiaed

130Wines Wwasesilidenntssanviendndasiu idussuuled dsnnssgatunie
nudaneshiumidufiuaudiu dossesisduseddtimmesimnyauauifiveseetuond
maewinmauiiuaudin Waldoudetuesdundnglivinlisastuiiniauansdluainidu 2993
tilasiuaiidnsnisvenewiiy 1

29TVANMNINNDS (Schmitt Triggers)

i

gﬁﬁ 3.10 2935 Schmitt Triggers [9]
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mﬂgﬂﬁ 3.10 2asudvmsninefilunalSeuisuussduriianideds andendnnisidou
WuuuIN T,maﬂﬂﬁ’synunml,mﬁwmmaﬁauﬁwﬁauﬂé’w’1Lﬁam?&mLﬁmuﬁuﬁmﬁymﬁuwmamws
anTou LLagﬂﬁﬁﬂﬁLﬁﬂﬁﬂﬂ’l’mLLWﬂGﬁﬂ‘ﬁ‘LﬁSWjﬂGﬁiy,ﬁllu’lmLmﬁwwf?dﬁmﬂﬂ’]’Jz WATBNNINNDS
annsaudseanteidu 3 uuuufe rsvinvdninashindua 299sviinnininesndua way

29959 nLnaswuuUsuA LA

3.3.2 N1398NLUU Server

Microsoft Remote Desktop ' Web Server

s

5UN 3.11 msiveusealuda Server lagnisilaldnueanvovszezlna (Remote Desktop)

9NFUT 3.11 wé’dmﬂﬁwmiﬁmﬁxﬁwuuﬁﬂ’ﬁm'ﬁ Windows (1 Core Memory 1
GBi) a¢ldlusunsal Microsoft Remote Desktop lunsidhiianienusuiniesneuiiunesiames
sueylna

Xamp iuTusunsufiuseneusae Apache web server a7l Run Apache

web server

= o‘A = ] b2 5 | ar . 8
PHP (nwiamsusnieudns Talaadus ladudou)

© s at 8/ :J
MySQL (IUiLmiummummigwuﬂnau“a nivueLan mmﬁaqa)
. . 12'1 o a at
Laravel (104 PHP Web Application Framework Y1I9Na9nLkuy @1U3UNITWAILN

FUWOWWALATUAIE PHP)
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3.3.3 N1590NWUUNIAIY Software
lun1seanuuuau software fitdun1seanuuuszuudeTusuasy Arduino o

9¥YNNT0BNUUY code FallugUIIIINAB C WA¥A1T upload program asuase Arduino

Start

Setup

N

No
5 minute?

No

Calculate DustAvg Yes

Calculate SoundAvg

Get data from Dust

Get data from Sound

V

Calculate Dust
Calculate Sound

Count++

Connect to W

server DustData+=DustData

SoundData+=SoundData

Send data
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No

Q)
gs)
I}
=
w
)
W

Save data to file

End
311"7; 3.12 System block diagram

3.4 gunsainlgluszuy
3.4.1 81nely (Arduino)

5U#1 3.13 Arduino.UNO B3 [12]

mﬂgﬂ‘f/’i 3.13 Arduino (Uuueinlulasroulnsiassaszna AVR A4 ATmeea32s
Ju MCU Nan éfimiﬁ@uumw open source cﬂ”l‘z’j’mua'lmmrﬁimwiﬁLﬁﬂmaﬁnﬁmnmauaﬂ
winFoudoiduniien /0 vesvesa niadendefuvedaady deaiayiian digital 14 g
Bunn/Aeivm (@nsavindu PwM LAt 6 91) uazilen analog dunnlagn 6 v, Sufipud
16 MHz 3 USB connector uay power jack
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3.4.2 lugaides (Sound microphone sensor module)

g‘dﬁ 3.14 Sound microphone sensor module [13]

'ﬂ’mg‘dﬁ 3.14 High sensitivity sound microphone sensor detection module
Wuwuigesidoalidyyinuuu analos Uag digital @mmsavsuanulils THundesnglv sv bc
Jeideveslugadevndosnisihdyanaiuuy analog lWldnuasfetesnuuuiens preamplifier

vgredaysyraiing Yiludyranuu digital insngdmsuihludauungn

3.4.3 Lﬂ%aaﬂiwﬁmﬁm (Sound detector module)

gﬂ‘ﬁ 3.15 Sound detector module [9]

} 2

‘\]’m‘g‘d‘ﬁl 3.15 Sound detector module E‘i’mWiﬂﬁﬂﬁmmﬂmlﬂiﬁdﬂulmﬂzdwuﬂ 3
ukuu lun Audio, Envelope wag Gate Jaudardaadiuselovifiunnmaiu Fygrauvy
audio ﬁaﬁhu‘sqﬁulw%ﬁlﬁmﬂlniﬂs‘lwuuasgnmmaﬁ’mﬂmmuﬁa d@udnyey1ad Envelope A
ﬁmmmamaaﬂﬁgnmsw%’ulﬁquwhLLauwﬁgnga@Lﬁm dudnynae Gate 989 output #ifl
dnwnizua High U Low Jamngdmiuldidu comparator

Sound detector §2995UsznOUMY 4 nAdIu TAuA 1935 Preamplifier, 2493

Peak detector, 1937 Buffer amplifier, 3495 Schmitt trigger
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JP1
-t
- ‘; ENUEL OPE
= 2 UCC
-5 GND

I0 Connector
E‘Uﬁ 3.16 1/0 Connector of sound detector module [9]

9IN3U7 3.16 Sound detector module fidwinmvisnun 3 fu leuA Audio
pin, Envelope pin, Gate pin #unaziuashidnuazdyaiaavinniuansdieiu

3.4.4 L%uvzja'é"ﬁ'ﬂtﬁmmﬁluazam (Dust Sensor)

gﬂﬁ 3.17 Dust Sensor [14]

93U 3,17 119U GP2Y1010AU0F Wuduiwesioenuuutnidiesuduazens Tay
lalemdsuasdunsusaliay Phototransistor azgninmaiiaaviugaslugunsaiiiialily
asdeuNazieulawauareadluond aziusEAnsaninsanizaeedlunisnsiady
sumAnaEnnueiuyvsuas Tuiteldlussuumsnenennia
duwesldnszuadinnunn (20mA gega 11mA Wly) eiideesnvoaduieesiu
Aussiulihuuvonaeauasdudndufumumniiuvesiuaseasiiald danul
0.5V/0.1mg/ m3
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3.4.5 Wi-Fi module (ESP8266)

5U#l 3.18 Wi-Fi module ESP8266 [15]

1IN3UN 3.18 ESPe266 (TuTereivloduuvainvadluga dvladlidiiu
TUsunsu (flash memory) luss Wnsideusernlusinaea SPIvieudiusssulng 3.3v - 3.6v
nszuailugaldaugegafio 200ma mamidasanon 40MHz sivbidetiluldnugunsalfivnau
vsmuanud Tuslnreaill fudstioyarusuaeside wu madwiuled leiuguannse
TelUslnaeald 2 wiln fie TCP uaz UDP

3.4.6 SD Card module

3UM 3.19.5D Card modile [16]

93U 3.19 SD card module Tugagu / 3o SD card Mdwmsunsifudaya
Usunamn 7 EEPROM llannsaifiulilévun SO card 1Jugunsalfideansiaeld serial
Peripheral Protocol (SPI) Board Arduino vty Master uwaz SD card module az1iu
Slave ¥uTiusadu 5v
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3.4.7 Real Time Clock DS3231 Module

gﬂ‘ﬁ' 3.20 Real Time Clock Module [17]

9IN3U7 3.20 Real time clock srvvgiunian melululasroulnsaaassl timer
= ) a o v 1% a vy 1o ¢
weldlumsduia viehluldilundngiuiaadld wiiliasanlulasreulnsaiaesaiuise
viawldiledilides Juliasiidudises vimiilumsduiiniategrdeieafaudinaglid
Idsanidvesa I sdeansiuy 12C 30 Inter - Integrated Circuit 14 SDA SCL VCC uay
GND ¥nauiusIsu 5V
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4.1 N19Aaa431N Dust sensor LLaz Sound microphone sensor module
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4.1.3 ﬂ']'i'ﬂ']ﬂ']']llﬁllWUﬁi3ﬂTNLL@llﬂﬁﬂﬂLLaﬁiﬂﬂ‘Uﬂ'ﬂﬂJﬂQ‘UaQﬁﬂJ"EHWMIWUV]ﬂ'T]MQ

1 cl 7 o 2/ U 1 o :‘ = g 1
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Tone Data Values

Sne 1Frequency T a Il A, R e T |, . |

Sine 1 Relative Ampliude 438 | A i |

Remove Tane Add Tone Clear List

| 0z [ Dos B R Fos & cos A0 AD# 5
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NCH Tone Generator v3.26 © NCH Software. SampleRate 44100 Hz I — T

31.|ﬁ 4.5 5 NHC Tone Generator Program for test

woWasiiliie NCH Tone Generator A1 sample rate Wiy 44100 Hz iy

(e ) a o as & o e o Yo o
wnasedgyaauazanun i sleudyananturduzUlvdmaiuddsgliiudanalae
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4.1.4 WivuiWisussiuanuianuenndinduluaunsnivuuag SPL meter sauluds
a a = s L ] =l st A !
nsiisuifisussiuaudsanuenndieduiisatuluauniminuguifioaty ievaaeudn
wowndiaduluainiminuguieniuinansydunnudldviadunselal

. o I 8 & o A o > ' a - & w
Tunisvaasstimuualiuvasnidaidsafad lng wagdsgrnaniaTasiadauas
= a') 2 a s € 1 af a 1 Y as
weundiatuiduszesnne 50 lwuRuns Jeudyauledaramnuduazuauniyasiieqliiu
o ' - a ' i o o
a1lnaluguaud 100 Hz-20kHz WSsuiieuailumuie dB(A) fisulaann SPL meter wag
weunainduuulnsfmideteladagy

= (Y] o = Qs g o '
U 4.7 mslsuiieussivanusainuenndieduluaunsviliuiu SPL meter

Uil 4.8 malSeuifisuszauanudsanuenndindudiesiulusnsinusuiienty
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4.1.5 InAuoundgadayanaue mnitldan sound microphone sensors module 7
FEAUAINGIFNG

Tnenasugesuazasadieianasgulioglussiuieatu uazagsmndrinadne
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JUM 4.10 nsmuamInnuduRus eI Lo unARnnA AN preamp(V)
a [y % s i o as o
Uaglaunagavas mic(V)fuaui(Hz) Nsefuausa 80 dB(A)
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0.4
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a s 1 (Y] ] = @ [
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4.2 N1319884991n Dust sensor LAy Sound Detector Module
4.2.1 ¥NN15IAYTLIMRLAIN Dust sensor WazI¥AUAINAIAIN sound detector
module v 3 nugluamuduisuutalunan 3 §ilus Tapderwda Server nng 5 wil
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JUT 4.13 nsnamsanudiniussswinaUsunaduann Dust sensor vis 3 Tuuafiguiuing

4.2.2 MINAaamIANNFURLSIZI19A1 Voltage U dB(A)

1y o A A‘Ly :
NMTVIAaes Ueude aumatganudifioine Voltage vilma1n Envelope pin

Tngldonadlaalay Wudnlaa1mamTss

i s L7 =i A L 1 F 7 @/ 1 (3
A1579 4.1 sauAnuaadeInaualaain SPL meter AuAaas (V)

Vp-plEn) dB(A)
0.16 64
0.23 68
0.34 71
0.42 7455
0.56 77
0.8 80
0.87 81.5
1.02 82.5
1.21 84
1.49 85
1.85 86.5
1.89 87
2.09 88.5
217 89.5
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JUT 4.14 nsmiuaminnuduiusszninessiuausudesieusile
91 SPL meter fiuAlaas (V)

INNT W WIS WUTeTeIns ey 2 9aafeYltsERuALRT 64-80 dB(A)
LATYNILAUAINAT81-90 dB(A) WAz A numanIsAnNaLRuS
YN TLAUATINGN 64-80 dB(A)
Y = 25X+625 (6)
Y = 53AUAINAY dB(A)
X = elaadileaan Envelope pin (V)
YRILAUAIILAY 81-90 dB(A)
Y= 6,92X+74.5 (7)
Y = s¥AUAILAY dB(A)
X = elad7leain Envelope pin (V)
Pnumaunsamdiniudssing Digital TiwUaslag ADC 994 Arduino Aldan
Envelope pin fuf Voltage fivinmsialagldonadlaalay
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A"517 4.2 @ Digital Aiutaslng ADC w04 Arduino Fusilaas (V)

Vp-p(En) Digital
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0.23 37
0.34 a7
0.42 60
0.56 87
0.8 120
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U 4.15 nsmuansruduiusszwineen Digital finaslne ADC vee Arduino fuslaad

MAUNMIANNENRUTIININAT Vp-p (Envelope) Mialaua digital wuiianunse
wUsPguannisanudTusIAly 3 viede
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YITLAUAIUGG 64 - 80 dB(A)
2.5
Y = (——+0.0025)X = 0.0068X (8)
512
Y = Vp-p (Envelope) #1¥nlé
X = ANRanoa (0-512)
9IEAUAUAT 81-85 dB(A)

2.5
Y = (——+0.0045)X = 0.009X 9)
512

Y = Vp-p (Envelope) fivals
X = AAInea (0-512)
YNTLAUAINUAI 86-90 dB(A)

2.5
Y = (——=+0.0067)X = 0.012X (10)
512

Y =Vp-p (Envelope) #i¥nlé
X = @1 Aanea (0-512)

i - Qs o/ l:lu v oas
A1519 4.3 A1519UERT % ANURANAIATBITEFUATINATIAR LAY SPL meter

SPL meter calculation Oberror
60 63.86
62 64.03
64 64.03
74 64.37 16%
76 65.05
78 65.9
80 67.26
82 68,62 [

84.5 69.81 [ 17.00%

85 ¥l51
86 70.83
88 73.89 17.64%
30 74.59

4.2.3 masungleyadounda
annsanilvantoyadoundavewsaziuunain Server H1unig Webpage lélng

- 4

AUN File name 71 test @ Station name Aa%avaalnuafitsifsnisaTtivan uAdlaas

b

=

VONNUFAVDITEUU(Green,Blue,Pink) Toelnailaozdulng (.csv)



DOWNLOAD SOUNDDATA

File name test Station name  Green

Startdate 17/04/2017 Lastdate 18/04/2017

DOWNLOAD DUSTDATA

File name riename Station name  far-

Start date  23/am /Uiy Last date 3/aa/duiil

JUT 4.16 mamnllvandoyadoundsvesiaagivunain Webpage

Yoy AW e Al i Arrobat

& = !
< b >y - e . wapdatvid 3
Bice. T o) £4 PR E 9™ L B SaED -l
b - S AR i T W g gl s au shuady suwea:
Fokerupuny (B I U L B d- EEERGER St Beow g M :::m:u ‘e:.’:-“:.u- .::; wimn ey e g “:.':“_ huwas
% ety

wendoni e iy '3 #nan J i g aan
R A A gy rowa o w e — e e = TR S
b :

L N
17/3/2017 0:55
17/4/2017 1:00
17/4/2017 1:10
17/4/2017 1:35

A s | 1

17/4{2017 1:45 E

m

6

Tl

a rece | .
- o p_d

Q

185

preTe—— .

0.12 12/4/2017 2:30 |

0,12 17/412017 2:35 |

0.12 17/4/2017 2:40

011 17/4/2017 2:45

0.12 17/4/2017 2:50 |

012 17/4/2017 3:00

0.2 17/4/2017 305

0.1 17/4/2017 420

0,12 17/4/2017 4:50

0.12 17/4/2017 4:55

0,12 17/4/2017 5:00 |

0.41 17/4/2017 5:15

0.LL 17/4/2017 5:20

042 17/4/2017 5:25

0.2 17/4/2017 5:30

0,12 17/4/2017 5:35

0.12_12/4/2017 5:40 — i -
7] ~ a4l S|

JUN 4.17 e csv Aldannisnradlvan
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annsngleyadounaiveidarivunain SD card ladsil

[ _J| DATALOG.TXT - Notepad =nen

File Edit Format View Help

20174112 18:55:0 48.94==>0.11 a
2017/4/12 19:0:0 46.79==>0.11

2017/4/12 19:5:0 47.40==>0.11

2017/4/12 19:10:0 47.03==>0.11

2017/4/12 19:15:0 47.31==>0.11

2017/4/12 21:50:0 94.30==>0.22

2017/4/12 21:55:0 93.06==>0.24

2017/4/12 22:0:0 93.13==>0.26

»

JUN 4.18 Yoyadeuviivesusaslnunan SD card
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UNA 5

A5UNANITNAADILAZ DI LD

5.1 dsUnan1maaeg
5.1.1 N13AFBIIN dust sensor Wag sound microphone sensor module
nmMinaassinUsinaguaressluaauduiiiawuuda inisiaiduian 3
) wuhuinniiviinaduazesann Ahadiildaz il siunsafuyTunduazess 1iesh
msulasiildanifueeslulusinsu Arduino IDE wazuansdnrin Serial monitor wWugnAa
wasumannsmhluldanld saldisannsavenuunlifuvesSinaduazessldannswuans
anuduiusserinaumGuidiuliunaruazesusbiamisavenldiuiuuduasessiuay
Hudumsedesmenntieeiitede wssiuagiuruevoriazoesie Juvuweslianunsa
Trvunveduazendla
nmMsneasuiadiniuduazeadluesyuwuulaeinsTadune 3
Hluaileguinduasessnuirfoyauiinnduasonsdiinlddeutrfiitesuasai 3
aunsoagulddwenhaduinuduazessiiusunsiedesisnie

o a L3

INMsnaaRIIALFuTLSIIT I wBuNAYRLaT SEAUATINA Y d Ry gy adlesnd
fiamnudiane(fsziuaiud 85 dB NngWiumamedyanauasauioneonuiiluneuinmes
WUy sanTnenudnTiseRuRuR85dBIA) anudinaiy AanaumAgaaziifnafudalaid
AnuANRUSAY i lnaldannsauandeuduaunsenuduiusla tavanmmeassueudiieu
sesuauiantenntaduluaun flnuiazas o silon Sound Pressure Level meter 59ly
fimsfeuieusyivanudanwenmdtuiioiuluaiminusudeady 2 indeanuiisedy
anudsiiinldanuouwdiaduiianiosninseiuatudaniaissilofndseuia 4.2 dB(A) uay
minlfueundietuunduiaeuiiouiuasbifunsgruar llanhsatludssddangetsn
negmsldauiuansineiu dnsnssimndnnmedsiinneiy fufumsldindoslealunslise
SEAUANUGICB(A)

ﬁmﬂmswmaaﬁmﬂ'ﬁLLauwﬁgﬂﬁmmmmewﬁlﬁmﬂ sound microphone
sensors module fisyiunudaingg nuiiusimagandevesommudainaspreampil
seAUATINAY 75 dB Heuviiu 0.122438 V Aueundgaiadsiisziuainud 80dB deuviaiu
0.242188 V Auouwagaadsfiszdunuds 85 dB Seusinifuo.32475 v eidntosunn 3l

-] 1 1 d 1 s s 12 -]
anansahendilaluszinanasululasreulnsaiaesitowtasrndussguauge dRALE v
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mMsidsuannisldsound microphone sensor module (fu sound Detector module
lesandyaas output fildan module anwnsaluldals
5.1.2 NMAa8931n Dust sensor ag Sound Detector Module

91NNABDINITIAUINIUNUIN dust sensor  UAETEAUAIINAIRIN sound
detector module 71 3 Wusluanutiuiswuuladune 3 $ilus Tnsdernungs server NN
5 wiiwuiissuuansonsaadaldudadrnands server limne 5 undl Adlddaeeuilosnn
WMMTNeszuuRsRIalinuayyn

INNTNARDINIANUAUNUSIENINAT Voltage AU dBAWUIN @unsadisy
aun1sANFuR Ui sERuAuR L dBafisuAldan SPL meter Audlaad (V) 1#lne
wuaiu 2 FrsAotesERUAIILRY 64-80 dB(A) WALTITLAUANINAT 81-90 dB(A) UaLAINNTON
gun13AFURUSTENINAT Vp-p(Envelope) Adaldiiua digital Iilaoudadu 3 daefie ¥
FEAUANUG 64 - 80dB(A), FI9ITEAUAINNAY 81-85 dB(A) WAY YIITEAUAINUMT 86-90 dB(A)
dothaunsunldnunuind wauRawainvessesueusiinldduainssduaudes SPL
meter Uszannd 18%

N sveasvsungdeyadouviiszuuainsoniivanteya dounduosusias
Tnunain Server e Webpage laalndAldaeitilng csviazannsogiiouatioundauas

wnazluuman SD card e laendulng txt

5.2 UaLAuDLUL
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ihldaeuiteulilddiinssiudadisuldainiesesiiodn itelfssuuipruuiugunndy uay
sonuuuuvasigWliiuszvulpglduummeiiieliarandenisluanssluusiaad i
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SHARP GP2Y1010AUOF

G P2Y1 01 OAUOF Compact Optical Dust Sensor

W Description H Compliance
GP2Y1010AUOF is a dust sensor by optical sensing 1. Compliant with RoHS directive (2002/95/EC)
system.

An infrared emitting diode (IRED) and an phototran-
sistor are diagonally arranged into this device.
It detects the reflected light of dust in air.
Especially, it is effective to detect very fine particle
like the cigarette smoke.
In addition it can distinguish smoke from house dust
by pulse pattern of output voltage.
B Applications
1. Detecting of dust in the air.

2. Example: Air purifier, Air conditioner, Air monitor

B Features

1. Compact, thin package (46.0 x 30.0 x 17.6 mm)

2. Low consumption current (Icc: MAX. 20 mA)

3. The presence of dust can be detected by the
photometry of only cne pulse

4. Enable to distinguish smoke from house dust

5. Lead-free and RoHS directive compliant

Notice The content of data sheet is subject to change without prior notice.
In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP
devices shown in catalogs, data books, etc. Contact SHARP!in order to obtain the latest device specification sheets before using any SHARP device.

Sheet No.: E4-A01501EN
1 Date Dec. 1. 2006
© SHARP Corporation
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GP2Y1010AUOF
m Internal schematic
L % -
IRED M 0@
SE (1 V-LED
Dust through hole A o @ 2 LED-GND
Y @ LED
\
g | o0® @S-GND
/‘ 2 '% ® Vo
Dust or Smoke particle Vi Amplifier Circuit o @ @ Vee
FD
(For s§nssiuwti < 1 O @
adjustment)
p case
m Outline Dimensions
(Unit : mm)
. 46.0
|
i( ]
il W) B
x
TR Rl
©
: |
|, 200 } j $ 9015 20 ¥
Lﬂ_,{ Dust through hole
0|
w‘ Connector: S6B-ZR-SM4A-TF by JST Mfg. Co., Ltd.
~
! : \ g
’ \ - B Terminal
g TN 5 %o “"? configuration
® @
@ V-LED
‘ (34.8) ‘ (2)LED-GND
28.1 13.4 @)LED
28 1 @ s-GND
_ R2 | R2 & ®vo
i P e ® Vee
T I} T T
EA= I\ [ o
< | < 1| U v R &
- = ! ~ :
i 5 2 anll L = =
[}
oL l
R2 vt lf ‘: R\
=A@ [’ Ve RE
sl A
$8%015 Hole for sensitivity
Dust adjustment of variable resistor
through hole
* Unspecified tolerance : £ 0.3 mm.
The dimensions in parenthesis are shown for reference. Product mass : approx. 16 g

Sheet No.: E4-A01501EN
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GP2Y1010AUOF

Marking information

Date code

SHARP GP2Y1010F |

Date code (2 digit)

1st digit 2nd digit

Year of production Month of production
A.D. Mark Month Mark
2000 0 1 1
2001 1 2 2
2002 2 3 3
2003 3 4 4
2004 4 3 5
2005 5 6 6
2006 6 7 7
2007 7 8 8
2008 8 9 9
2009 9 10 X
2010 0 11 i

; ; 12 Z

repeats in a 10 year cycle

Country of origin

Philippines

Sheet No.: E4-A01501EN



B Absolute Maximum Ratings

(Ta=25°C)
Parameter Symbol Rating Unit
Supply voltage V cc —0.3to +7 W
"' Input terminal voltage Viep —0.3 to Ve ¥
Operating temperature Tape —-10 to +65 °C
Soldering temperature T —20 to +80 °C
*] Open drain drive input
BElectro-optical Characteristics
(Ta=25°C, Vee=5V)
Parameter Symbol Conditions MIN. [“TYP. | MAX. Unit
Sensitivity K "2 e 0.35 0.5 0.65 | V/(0.Img/m?)
Output voltage at no dust Voo 1R 0 0.9 1.5 \Y%
Output voltage range Vou 23R, =4.7kO 34 - - Y
LED terminal current Iiep | " LED terminal voltage = 0 - 10 20 mA
Consumption current Tee 2Ry =0 - 11 20 mA

*1 Sensitivity is specified by the amount of output voltage change when dust density changes by 0.1 mg/m>.
And the dust density for detection is a value of the density of cigarette (MILD SEVEN®) smoke measured
by the digital dust monitor (P-5L2: manufactured by SHIBATA SCIENTIFIC TECHNOLOGY LTD.).

*2 Input condition is shown in Fig, 1

*3 Output sampling timing is shown in Fig, 2

BMRecommended input condition for LED input terminal

Parameter Symbol Value Unit
Pulse Cycle i 10«1 ms
Pulse Width Pw 0.32 +0.02 ms
Operating Supply voltage Yoo 5+0.5 \Y%

Sheet No.: E4-A01501EN
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GP2Y1010AUOF

Fig. 1 Input Condition for LED Input Terminal

H Pulse-driven wave form
1
GP2Y1010AUOF / ! —

. T=10ms

K J + Vee

L # C=220uF | Pu0.32ms
el i G
y s

lieo

Output pulse

0.28ms

Sampling

Fig. 3 Output Voltage vs. Dust Density

4
3
2 7
iy /
s 2 V4
3 /
3 /
1 //
0
0 0.2 04 0.6 0.8

Dust density (mgima)

Remarks : Please be aware that all data in the graph are just for reference and are not for guarantee.

Sheet No.: E4-A01501EN



SHARP GP2Y1010AUOF
B B e ot 3 e N T e T I e e e o e ) P o T2

e Notes

1

Connection of case and GND
Case material use conductive resin as cover case {printed model No.} and metal {test terminal side}
as bottom cover. The metal case connects with GND in sensor.

Cleaning
Please don't do cleaning, because there is a case that this device is not satisfied with its characteristics

by cleaning.

Pulse input range
Please subject to recommendation as regard input condition for LED in order to keep reliability.

Dust adhesion

There is a case that this product does not detect the dust density correctly, since the dust adhered to
the inside of the dust through hole may project into the detecting space which consist of emitter and
detector light axis. Please take the structure and mechanism of the equipment into consideration to
avoid the influence of adhered dust. And when the dust is adhered, please consider the maintenance
such as vacuuming or blowing off the dust by air.

In addition, please pay attention to structure and placing location of the application to avoid any
adhesive particle like oil, etc. to gets into the device. If it sticks to optical part, malfunction may occur.

Light output
In circuit designing, make allowance for the degradation of the light emitting diode output that results
from long continuous operation. (50% degradation/5 years)

Sensitivity adjustment VR
VR for sensitivity adjustment is set up at shipping from sharp. Please do not touch the VR or
Electro-optical characteristics specified on the specification will be invalid.

Resolution
Please do not disassemble the device such as removing tapping screw and so on. Even if the device
is reassembled, it may not satisfy the specification.

Application to fire alarm
Please do not use this device for a fire alarm application. When using this device to application other
than air purifying and equipment with air purifying function, please inform us before usage.

Noise influence

If the sensor is located close to noise generator (ex. Electric dust collector, etc. ), the sensor output
may be affected by leaded noise. On top of that noise from power supply line also may affect the
sensor output. When desinging the system, please consider the effect from noise.

10 Vibration influence

The sensor may change its value under mechanical oscillation. Before usage, please make sure
that the device works normally in the application.

11 Incident light influence

There is a case that the sensor output may be affected when outer-light comes through dust through
hole on printed side. In order to avoid any influence from outer-light, please locate the printed side
of sensor facing to inside of the application.

12 When inside of the sensor is moisturized, this product does not keep its proper function. Please

design the application so that moisturization of the sensor does not happen.

Sheet No.: E4-A01501EN
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e Presence of ODC etc.

This product shall not contain the following materials.
And they are not used in the production process for this product.
Regulation substances : CFCs, Halon, Carbon tetrachloride, 1.1.1-Trichloroethane (Methylchloroform)

Specific brominated flame retardants such as the PBB and PBDE are not used in this product at all.
This product shall not contain the following materials banned in the RoHS Directive (2002/95/EC).

* Lead, Mercury, Cadmium, Hexavalent chromium, Polybrominated biphenyls (PBB),
Polybrominated diphenyl ethers (PBDE).

Sheet No.: E4-A01501EN
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B Packing Specification

Pad

Product trays
(5 trays/case)

Connector Product

hat

(B) Packing

‘ case

Packing tape
.
- /

Model number
Quantity
Inspection date

PACKING METHOD

1. Each tray holds 50 pieces. Packing methods are shown in (A).

2. Each box holds 5 trays. Pads are added to top (B).

3. The box is sealed with packing tape. (C) shows the location of the Model number, Quantity, and Inspection date.
4. Weight is approximately 5.6 kg

Sheet No.: E4-A01501EN
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M Important Notices

* The circuit application examples in this publication
are provided to explain representative applications of
SHARP devices and are not intended to guarantee any
circuit design or license any intellectual property rights.
SHARP takes no responsibility for any problems related
to any intellectual property right of a third party resulting
from the use of SHARP's devices.

- Contact SHARP in order to obtain the latest device
specification sheets before using any SHARP device.
SHARP reserves the right to make changes in the spec-
ifications, characteristics, data, materials, structure, and
other contents described herein at any time without no-
tice in order to improve design or reliability. Manufactur-
ing locations are also subject to change without notice.

- Observe the following points when using any devices
in this publication. SHARP takes no responsibility for
damage caused by improper use of the devices which
does not meet the conditions and absolute maximum
ratings to be used specified in the relevant specification
sheet nor meet the following conditions:
(i) The devices in this publication are designed for use
in general electronic equipment designs such as:

-— Personal computers

--- Office automation equipment

--- Telecommunication equipment [terminal]

--- Test and measurement equipment

-— Industrial control

--- Audio visual equipment

—- Consumer electronics
(i) Measures such as fail-safe function and redundant
design should be taken to ensure reliability and safety
when SHARP devices are used for or in connection

with equipment that requires higher reliability such as:
--- Transportation control and safety equipment (i.e.,
aircraft, trains, automobiles, etc. )
--- Traffic signals
--- Gas leakage sensor breakers
--- Alarm equipment
-— Various safety devices, etc.
(iii) SHARP devices shall not be used for or in connec-
tion with equipment that requires an extremely high
level of reliability and safety such as:
--- Space applications
--- Telecommunication equipment [trunk lines]
- Nuclear power control equipment
--- Medical and other life support equipment (e.g.,
scuba).

- If the SHARP devices listed in this publication fall
within the scope of strategic products described in the
Foreign Exchange and Foreign Trade Law of Japan, it
is necessary to obtain approval to export such SHARP
devices.

+ This publication is the proprietary product of SHARP
and is copyrighted, with all rights reserved. Under the
copyright laws, no part of this publication may be re-
produced or transmitted in any form or by any means,
electronic or mechanical, for any purpose, in whole or in
part, without the express written permission of SHARP.
Express written permission is also required before any
use of this publication may be made by a third party.

- Contact and consult with a SHARP representative if
there are any questions about the contents of this publi-
cation.

Sheet No.: E4-A01501EN



Mic capsule and preamplifier
Default gain = 109 <48 dB»
Populate R17 to louer gain.
16K = 18 28 dBR)
Remove R3 and populate R17 to raise gain.
1Meg = 1080 (4@ dR)

Peak detector Buffer amplifier

Half-uave precision rectifier with gain of approx 2

[ |
I I
I I
I I
| I

R17 | |

MW
GAIN | I
R7
I ‘V‘V‘\’" i
[ 22K |
| s it l R10
[ L RET5 | "
I I IC1G4
13 LHU324
R4 ,
: AW | 14 AHPEHU
10K
| R18 i
|
| 198
GND GND GND I GHD GhND GND

connector

'L Clear SJ1 to disable onboard LED.
_R15
ICE A g
« ~
- g I§162
JP1 LMU324
P C3 M3 3 -
-1 WA 1 2 )
= [ 1.8uF o j'IVW"
= Gl - R14 )
GND r]%\_}‘ A A
10 Connector Supply decowupling place 'mear i Jon 1}9@{:" ate: Sound
Ucc range betueen 2.7U and 5.5U. Y =
GND A
oy o
GND

®®

Released under the Creative Commons
Attribution Share-Alike 3.8 License 8 SFE | SFE
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KE E SEMICONDUCTOR |KIA278R25PI~KIA278R37P1

TECHNICAL DATA BIPOLAR LINEAR INTEGRATED CIRCUIT

4 TERMINAL 2A OUTPUT LOW DROP
VOLTAGE REGULATOR

A C DIM | MILLIMETERS
. J——-l A 10.00£0.20
The KIA278R X X Series are Low Drop Voltage B | 1500£020
. . . " C 2.70£0.20
Regulator suitable for various electronic equipments. 5 | 5.605000
b & E $3 2040 20
It provides constant voltage power source with TO-220 @ " il
4 terminal lead full molded PKG. G | 1570%020
. H 0.40%0 10
The Regulator has multi function such as over current 7 | 143+02-01
. % < 145 10
protection, overheat protection and ON/OFF control. ,'f ,Uf}f,:; T
M 254
- N 4304020
FEATURES 0 75501
y - P 1.50£0.10
* 2.0A Output Low Drop Voltage Regulator. & &
- Built in ON/OFF Control Terminal. S s
T 1.30£01
* Built in Over Current Protection, Over Heat U [ 3100201
Protection Function. X LoA020

@ DCINPUT (V)
@ DC OUTPUT (Vp)
® GND

@ ON/OFF CONTROL

LINE UP
ITEM OUTPUT VOLTAGE (Typ) = | UNIT TO-2201S-4
* KIA278R25PI 25
* KIA278R30PI 3.0
KIA278R33PI = %
* KIA278R35PI 35
* KIA278R37PI 3.7

* Note) * : Under Development.

MAXIMUM RATINGS (Ta=25C)

CHARACTERISTIC SYMBOL RATING UNIT Remark
Input Voltage Vin 15 Vv -
ON/OFF Control Voltage Ve 15 \% -
Output Current Io 2 A -
Power Dissipation 1 Py 1.5 W No heatsink
Power Dissipation 2 Py 15 W with heatsink
Junction Temperature T, 125 © -
Operating Temperature . -20~80 T =
Storage Temperature Ty -30~125 T =
Soldering Temperature (10sec) Teol 260 § & -

2001. 6. 28 Revision No : 3 KEC 1/5



KIA278R25PI~KIA278R37P1

ELECTRICAL CHARACTERISTICS (Ta=25T)
(Unless otherwise specified, 15=1.0A, Ta=257, Notel.)

CHARACTERISTIC SYMBOL CONDITIONS MIN. TYP. | MAX. | UNIT
KIA278R25 - 2.438 2.50 2.562
KIA278R30 - 2.925 3.00 3.075
Output Voltage KIA278R33 Vo - 3.220 3.30 3.380 \%
KIA278R35 - 3.413 3.50 3.587
KIA278R37 - 3.608 3.70 3.792
Load Regulation Reg Load [o=5mA ~2A - 0.1 2.0 %
Line Regulation Reg Line (Note 2) - 0.5 2.5 %
Temperature Coefficient of Output Voltage TeVo Tj=0~125C - +£0.02 | £0.05 | %T
Ripple Rejection R R - 45 55 - dB
Drop Out Voltage Vb Io=2A - - 0.5
Output ON state for control Voltage Veon 7 - 2.0 - - \Y
Output ON state for control Current Ieony Ve=2.7V - - 20 1A
Output OFF state for control Voltage Veorr) ] - - - 0.8 \%
Output OFF state for control Current Teorr V=04V - - -0.4 mA
Quiescent Current Iy Io=0 - - 103 mA
Notel) Vg of KIA278R25=4.2V ~  Note2) Vi of KIA278R25=3.2 ~ 10V Note3) At Vii=0.95V,
" KIA278R30=4.7V " KIA278R30=3.7~ 10V
" KIA278R33=5.0V " KIA278R33=4.0~ 10V
" KIA278R35=5.2V " KIA278R35=4.2~ 10V
" KIA278R37=5.4V " - KIA278R37=4.4 ~ 10V

BLOCK DIAGRAM

vin (D) \_,_/ @Vo

AVAYAY

:
TR

BANDGAP
REFERENCE ASO |
PROTECTION
@ OUTPUT ON/OFF
CONTROL
Control :

OVER HEAT | |
PROTECTION

©)

GND

2001. 6. 28 Revision No : 3 KEeC 25



KIA278R25PI~KIA278R37P1

Fig. I Standard Test Circuit

Vin 47uF Vo

Fig. 1-2 Ripple Rejection Test Circuit

1 2 bl
KIA278RXXPI
O+
% © T é
ol i RL €o
47uF
— Vv e f=120Hz(sine wave)
ei=0.5Vrms
RR=20log(ei/eo)
Fig. 2 Application Circuit for Standard
s L
-— U | 7777 E
=]
Specific IC Co =
l
3
7777 7777 ® T o
4
N
i ON/OFF 77
signal e High or Open:Output ON
< Low :Output OFF
CMOS or TTL
RevisionNo : 3 KE E 3/5



KIA278R25PI~KIA278R37P1

OUTPUT VOLTAGE DEVIATION AV (mV) POWER DISSIPATION P, (W)

OUTPUT VOLTAGE DEVIATION AV, (mV)

Fig.3 Ta - Pp
20
Pp1:No heat sink
Py 2:With infinite heat sink
Pp2
15 =
N,
NN,
=
10 &
N
3 %
‘\
5. ™ e
Ppl < \\\
0 R ]
-25 0 50 100 150
AMBIENT TEMPERATURE Ta (°C)
Note) Oblique line portion : Overheat
protection may operate in this
area.
Fig.51 'T; - 4Vg (KIA278R25)
150
V[N =4 2V
Io=0.5A
100
50
0
-
-50
-100
-25 0 25 50 +5 100 125
JUNCTION TEMPERATURE T (°C)
Fig.5-3 T; - 4V, (KIA278R33)
150
VN =5.0V
ID =0.5A
100
50
0
—T
-50
-100
-25 0 25 50 75 100 125

JUNCTION TEMPERATURE T (°C)

OUTPUT VOLTAGE DEVIATION AVp (mV) RELATIVE OUTPUT VOLTAGE (%)

OUTPUT VOLTAGE DEVIATION AV, (mV)

Fig4 1Ip - Vo

100

60 /

40

20 /

|V

0 1.0 2.0 3.0 4.0

OUTPUT CURRENT I (A)

Figs-2 T; = 4V, (KIA278R30)

150 T
Vin=47V |
Ip=0.5A
100
50
0
-
-50
2100 ‘
-25 0 25 50 75 100 125
JUNCTION TEMPERATURE Tj CE)
Fig.5-4 T; - Vo (KIA278R35)
150
VIN =52V
Ip=0.5A
100
50
0
—T
-50
-100
-25 0 25 50 75 100 125

JUNCTION TEMPERATURE T (°C)
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KIA278R25PI~KIA278R37PI

Fig5-1 T; - 4V, (KIA278R37) Fig.6 T; - Vp
<
E 150 05
p VN =5.4V _
2 1o =0.5A z i
z 100 o ;
3 S
= 50 03 lo=2A_—=] o
m N ——-/ Io=1.5A
[a) e L —
3 0 — > 02 /
= ' T Io=lA T
B — )
2 _50 S ol 10=05A
= a |
£ |
B -100 0 - -
o -25 0 25 50 75 100 125 -25 0 25 50 75 oo 125
JUNCTION TEMPERATURE T (°C) JUNCTION TEMPERATURE T (°C)
Fig7 T; - Iq Fig.8-1 f-RR
10 80 T
s | V=35V L I ! ‘ ‘
< Io=0 [ o 70
E 8 =
f 5 60
E 6 5 o) \ | -\"\.,__
?é ""-\ ; - A
¥ z in oY & 10=0.5A,2i=0.5Vrms
= ¥ I e 30 | ViN=42V(KIA278R25)
= - S0 | ViN-47V(KIA278R30)
> 2 = ViN=5.0V(KIA278R33)
= ) 10| VIN=52V(KIA278R35)
= Vin=5.4V(KIA278R3T)
0 | 0
-25 0 25 50 75 100 125 0.1 I 10 100
JUNCTION TEMPERATURE T; (°C) INPUT RIPPLE FREQUENCY f (kHz)
Fig.10-2 Io - RR
70 }
|
60
50

f=120Hz.ei=0.5Vrms
40 Cref 23.3],1}:
Vin=42V(KIA278R25)
Vin=4.7V(KIA278R30)
30 Vin=5.0V(KIA278R33)
VIN=5.2V(KIA278R35)
VIN=54V(KIA278R37)

RIPPLE REJECTION RR (dB)

20
0.1 0.5 1.0

OUTPUT CURRENT 1 (A)
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465, TLV246xA
FAMILY OF LOW-POWER RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220J - JULY 1998 - REVISED FEBRUARY 2004

Rail-to-Rail Output Swing TLV2460

Gain Bandwidth Product. . . 6.4 MHz DE("':OF;A\?I:CV?E

+80 mA Qutput Drive Capability

Supply Current. . . 500 pA/channel ouy [} 611 Voo«
Input Offset Voltage ... 100 uv GND [ ]2 5[] SHDN
Input Noise Voltage . . . 11 nV/VHz
Slew Rate . .. 1.6 Vius IN+ []3 T e

Micropower Shutdown Mode
(TLV2460/3/5) ... 0.3 uA/Channel

Universal Operational Amplifier EVM

Available in Q-Temp Automotive
HighRel Automotive Applications
Configuration Control/Print Support
Qualification to Automotive Standards

description

The TLV246x is a family of low-power rail-to-rail input/output operational amplifiers specifically designed for
portable applications. The input common-mode voltage range extends beyond the supply rails for maximum
dynamic range in low-voltage systems. The amplifier output has rail-to-rail performance with high-output-drive
capability, solving one of the limitations of older rail-to-rail input/output operational amplifiers. This rail-to-rail
dynamic range and high output drive make the TLV246x ideal for buffering analog-to-digital converters.

The operational amplifier has 6.4 MHz of bandwidth and 1.6 V/us of slew rate with only 500 LA of supply current,
providing good ac performance with low power consumption. Three members of the family offer a shutdown
terminal, which places the amplifier in an ultralow supply current mode (Ipp = 0.3 pA/ch). While in shutdown,
the operational-amplifier output is placed in a high-impedance state. DC applications are also well served with
an input noise voltage of 11 nV/YHz and input offset voltage of 100 uV.

This family is available in the low-profile SOT23, MSOP, and TSSOP packages. The TLV2460 is the first
rail-to-rail input/output operational amplifier with shutdown available in the 6-pin SOT23, making it perfect for
high-density circuits. The family is specified over an expanded temperature range (Ta = —40°C to 125°C) for
use in industrial control and automotive systems, and over the military temperature range
(Ta = -55°C to 125°C) for use in military systems.

SELECTION GUIDE

DEVICE V[\DI? [Yl '\?] I?E;i?h [gg] [(n;n?-:vz\; SL'?:‘:U':?TE \E'r?v; «Jﬁtzl]z [r:%] SHUTDOWN | RAIL-RAIL
TLV246x(A) | 2.7-6 | 150 550 | 1300 6.4 1.6 1 25 Y 110
TLV277x(A) |2.5-55| 360 | 41000 2 5.1 10.5 17 6 Y 0
TLV247x(A) | 2.7-6 | 250 600 25 2.8 15 15 20 Y 1/0
TLV245x(A) | 2.7-6 20 23 | 500 | o022 0.11 52 10 Y 110
TLV225x(A) | 2.7-8 | 200 35 1 0.2 0.12 19 3 = =
TLV226x(A) | 2.7-8 | 300 200 1 0.71 0.55 12 3 i —

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 1998-2004, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments " On products compliant to MIL-PRF-38535, all parameters are tested
standard warranty. Production p g does not ily include T unless otherwise noted. On all other products, production
testing of all parameters. EXAS processing does not necessarily include testing of all parameters.

INSTRUMENTS

WWW.TI.COM 1



TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465, TLV246xA
FAMILY OF LOW-POWER RAIL-TO-RAIL INPUT/QUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220J - JULY 1998 - REVISED FEBRUARY 2004

TLV246x PACKAGE PINOUTS(1)

TLV2460 TLV2461 TLV2460
DBV PACKAGE DBV PACKAGE D, P, JG, OR PW PACKAGE
(TOP VIEW) TOP VIEW) (TOP VIEW)
ouT 1 6|1 Vpp+ ouT [t 51 Vpp+ NC | 1 8 [[ITJ SHDN
IN- [ 2?17 [T Vpp+
GND [ ]2 5] ] SHDN GND [_|2 N+ ) 2 s O ouT
GND 4 5 TINC
e e e - e 3= a7 in- =
TLV2461 TLV2462 TLV2463
D, P, JG, OR PW PACKAGE D, DGK, P, JG, OR PW PACKAGE DGS PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
Nc I 1 8 NC 10UT 1 s Vpp+ 1ouT 1 103 Vpp+
IN-C1 2?17213 Vpp+ 1|N—|:1j% 70 20uT 1IN- [ 2 93 20UT
N+ 3 Le 3 ouT 1IN +CT] ﬁs:l:] 2IN- (15';“5%4 ﬁ 8% g:m'
GND 4 513 NC = S 7 cIN*
== GNDLL] 4 SO 2N+ =aen s s 2SHDN
TLV2463 TLV2464 TLV2465
D, N, J, OR PW PACKAGE D, N, PWP, J, OR PW PACKAGE D, N, PWP, J, OR PW PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
10UT [T 1 14713 Vpp+ 1ouT L1 4 16 10 40UT
10UT 1 14
1IN- [T 2% 1313 20UT NN_EE' 13%:?\5 1N= [ 2%‘%15 [T 4IN-
1IN+ [T] 3 ﬁm:m 2IN- AIN4 O S b 1IN+ 1 3 14 [T 4IN+
GND [T 4 11 [0 2IN+ Vot LT 4 oD Vpp+ (1 4 13[1J GND
NC [I] s 10[C0 NC 2E|}£+I:|: o 10D 31 2IN+ [T 5 12 [T 3IN+
1SHDN [ 6 911 2SHDN 2IN-CT] 6 obT 5iN~ 2IN- T s;%ﬂ 11 3IN-
NC 7 8] NC souTd 7 A m 20uUT [T} 7 10 1] 30UT
1/2SHDN [T 8 9|1 3/4SHDN
NC - No internal connection

(1) SOT-23 may or may not be indicated

TYPICAL PIN 1 INDICATORS

T Pin 1 T £
Printed or Pin 1
Molded Dot Stripe Bevel Edges Molded "U” Shape

‘*? TEXAS
INSTRUMENTS
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465, TLV246xA
FAMILY OF LOW-POWER RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220J - JULY 1998 - REVISED FEBRUARY 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vpp (see Note 1) . ... o 6V
Eifefefitial inplA™eliame, Mipg « cxo eome mas ou oo s 5 ony 8 s o0 5 o yaes G088 Ve -02VtoVpp+02V
nput current, l (ANVIRPUE) s cows sons smis sas s v s 5058 955 2 506 555 5 sier v cosr v o v s + 200 mA
QIUPUEBURFETI; 16, 1wt & 508 s £ 5 5 505 § 555 §405.% 5o tommn somsmes sisn & wimin Komim = sxmsn o 9o sosom o osn Sikes + 175 mA
Total input current, 1| (iNto VDD +) .o 175 mA
Total output current, Ig (out of GND) . ... . 175 mA
Continuous total power dissipation ...............oooieii .. See Dissipation Rating Table
Operating free-air temperature range, Ta: CSUM ... .vvsvmmornmone s oms s vin cons con s s s 0°C to 70°C

land Qsuffix ......... ... ... ... ... ...... —-40°C to 125°C

Msuffix ... -55°C to 125°C
Maximum junction temperature, Ty . ... ... ... . 160°C
Storage temperature range, Tstg ................................................... -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............c.coovuriireannoon.. 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values, except differential voltages, are with respect to GND.

DISSIPATION RATING TABLE FOR C and | SUFFIX

PACKRSE (°%lf$V) (o%j,cv) PovT\rﬁéé EA%NG PowE?;iT?NG
D (8) 38.3 176 710 mw 142 mw
D (14) 26.9 122.6 1022 mw 204.4 mW
D (16) 257 14.7 1090 mW 218 mW
DBV (5) 55 324.1 385 mwW 7710 mW
DBV (6) 55 204.3 425 mW. 84.9 MW
DGK 54.2 259.9 481 MW 96.2 MW
DGS 54.1 257.7 485 mw 97 mw
N (14, 16) 32 78 1600 mW 320.5 MW
P (8) 41 104 1200 mw 240.4 mW
PW (14) 29.3 173.6 720 mW 144 mW
PW (16) 28.7 1614 774 mW 154.9 mW

NOTE: Thermal resistances are not production tested and are for informational
purposes only.

DISSIPATION RATING TABLE FOR Q and M SUFFIX

PACKAGE Ta £25°C DERATING FACTOR Ta=70°C Ta =85°C Ta =125°C
POWER RATING ABOVE Tp = 25°Ct POWER RATING POWER RATING POWER RATING
FK 1376 mW 11.0 mWreC 880 mW 715 mW 275 mW
JG 1050 mw 8.4 mW/°C 672 mW 546 mW 210 mw
U 675 mw 5.4 mW/°C 432 mW 350 mw 135 mw

¥ This is the inverse of the traditional junction-to-ambient thermal resistance (R ). Thermal resistances are not production tested and are for
informational purposes only.

{‘? TeEXAS
INSTRUMENTS

6 WWW.TI.COM



TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465, TLV246xA
FAMILY OF LOW-POWER RAIL-TO-RAIL INPUT/QUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220J - JULY 1998 - REVISED FEBRUARY 2004

electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tat MIN  TYP MAX| UNIT
25°C 500 2000
Vio Input offset voltage XFCD:;.SS\,/’ Fuggfgge 500 ?igg Wy
Vo=25V, i B =¥ 1700
Temperature coefficient of input off- Rg=d0 &
*VIO set voltage =5 2 WG
25°C 0.3 7
o Input offset current Vpp =5V, TLV246xC Full range 15 nA
Vic=25V, TLV246xI/Q/M | Full range 60
Vo=25V, 25°C 1.3 14
I8 Input bias current Rg=60 00 TLV246xC | Full range 30| na
TLV246xI/Q/M | Full range 60
25°C 4.9
OH = SXATA Full range 4.8
VoH High-level output voltage %60 28 v
Q= Fulrange | 4.7
25°C 0.1
E9 > {o " Aaad - Full range 0.2
VoL Low-level output voltage - 25°C 0.2 \
Vic=25V, loL =10 mA Fi: e 03
X0 25°C 145
b7y Full range 60
los Short-circuit output current 255G 100 mA
Sy Full range 60
lo Output current Measured at 1 V from rail 25°C +80 mA
A Large-signal differential voltage V|C_= 25V, Ry = 10 k&, 25°C 92 109 i
amplification Vo=1Vto4V Full range 90
Ti(d) Differential input resistance 25°C 109 Q
Si(c) Common-mode input capacitance f=10 kHz 25°C 7 pF
Zp Closed-loop output impedance f =100 kHz, Ay =10 25°C 29 Q
25°C 71 85
CMRR Common-mode rejection ratio \égf 5=0on o, TLV246xC Full range 69 dB
TLV246xI/Q/M | Full range 60
VDD =27 Vto 6V, Vic =Vpp/2, 25°C 80 85 4B
ksVR &\fply voltage rejection ratio No load Full range 75
DD /AV|0) Vpp =3V 105V, Vic =Vpp/2, 25°C 85 95 i
No load Full range 80
25°C 0.55 0.65
DD Supply current (per channel) Vo =25V, No load, EuliaNEs y mA
i AV oo N —) ~
i ] shutdown Full range 3

TFull range is 0°C to 70°C for the C suffix, —40°C to 125°C for the | and Q suffixes, and -55°C to 125°C for the M suffix.

{‘}‘ TeEXAS
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465, TLV246xA

FAMILY OF LOW-POWER RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS220J - JULY 1998 - REVISED FEBRUARY 2004

operating characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tat MIN TYP MAX | UNIT
i B e & 25°C 0.9 1.6
- g o(PP)=2V, L = 160 pF,
SR Slew rate at unity gain RL = 10 kQ Full 0.8 Vius
range
v I : f=100 Hz 2550 14 il
Equivalent input noise voltage nVAHz
n 9 g J f=1kHz 25°C 11
I Equivalent input noise current =100 Hz 25°C 0.13 pANHz
Ay =1 0.004%
Vo(pp) =4V, 4 :
THD + N  Total harmonic distortion plus noise RL = 10 ke, Ay =10 25°C 0.01%
f=10kHz Ay =100 0.04%
Both channels 7.6
Channel 1 only,
; i 7.65
t(on) Amplifier turnon time Ay =1,R =10k | Channel 2 on 25°C us
Channel 2 only,
Channel 1 on rida
Both channels 333
| Channel 1 only,
- ; 328
t(off) Amplifier turnoff time Ay =1,R =10 k2 | Channel 2 on 25°C ns
Channel 2 only,
Channel 1 on 328
. . f=10 kHz, R =10 kQ, 5
Gain-bandwidth product Cy= 160 pF 25°C 6.4 MHz
V(STEPIPP=2 V. 10,19 153
Ay = -1,
CL = 10 pF, Y
RL = 10kQ 0.01% 1.83
ts Settling time 25°C us
V(STER)PP =2V, 10 19 3.13
Ay =-1,
CL = 56 pF, 3
RL = 10kQ 0.01% 883
Om Phase margin at unity gain SO c < 25 45°
= ) = F
Gain margin L LE\pgP 25°C 7 dB

T Full range is 0°C to 70°C for the G suffix, —40°C to 125°C for the | and Q suffixes, and -55°C to 125°C for the M suffix.

10
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TLV2460, TLV2461, TLV2462, TLV2463, TLV2464, TLV2465, TLV246xA
FAMILY OF LOW-POWER RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN
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TYPICAL CHARACTERISTICS

PEAK-TO-PEAK OUTPUT VOLTAGE PEAK-TO-PEAK OUTPUT VOLTAGE
Vs vs
FREQUENCY FREQUENCY
3 ] I T 5.5 I I L
Vpp=3V Vpp=5V
> Ay =-10 ~ 5 Ay =-10 Ml
:D 2.5 THD =1% (] 1 THD =1% L
& \ RL = 10 kQ 8 45 RL = 10 kQ
i 8
o = 4
T 2 2
2 2 35
=1 -t
I 3 3
X 15 g
gl_’ \ a 2.5
g \ 2 \
£ 1 : \
(8] D
o \ o 1.5
: . \
= L/
% 0.5 " g 1 N
N o
= N = 0.5 L
0 ‘LLEL-J. 0 T~
10k 100k ™ 10M 10k 100k 1M 10M
f - Frequency - Hz f- Frequency - Hz
Figure 9 Figure 10
OPEN-LOOP GAIN AND PHASE
VS
FREQUENCY
100 T 40°
Vpp =+1.5V :
o m‘-\ RL =10 kO RO
80 = : b 0°
N Ta = 25°C
70 =20°
o N
1': 60 N -40°
£ 50 AvD -60°
R N NG @
. 40 r -80° g2
o i o
. 30 il N -100°
§ = Phase ™ A f
s 4 N -120
10 -140°
Y 140
0 -160°
il -180°
-20 -200°

10 100 1k 10k 100k 1M 10M
f - Frequency - Hz

Figure 11
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TYPICAL CHARACTERISTICS

OPEN-LOOP GAIN AND PHASE

Vs
FREQUENCY
100 T T T T 40°
Vpp=+25V .
90 g RL = 10 kQ =
80 : CL=0 0°
al Ta =25°C
0 70 1 -20°
N
= 60 N Lm -40°
=
= 50 N Y Ayp -60 2
2 40 -80° &
8 I N AL &
T':' 30 w it § -100°
@ Phase N
oﬂ- 20 1 \ -120
10 § -140°
0 MY 1600
-10 -180°
-20 -200°
10 100 1k 10k 100k ™ 10M
f - Frequency - Hz
Figure 12
DIFFERENTIAL VOLTAGE AMPLIFICATION CAPACITIVE LOAD
Vs Vs
LOAD RESISTANCE LOAD RESISTANCE
180 T T 10000
> Ta =25°C
E 160 5a
£ ) anl =
£ 140 Al 8 \\
5 4
§ // f" w \\ Phase Margin < 30° T
g 120 7 B N |
2 Vpp =25V / o
£ 100 / 3 \""‘"--...
o / J/ VoD =315V 2 1000
£ 80 ' =
S V7 g
5 60 / 3 i B
= h O Phase Margin > 30
c / ]
[ f d
o 40 / %)
& j/’ | Vpp=5V
Ia 20 > Phase Margin = 30°
> Ta = 25°C
< 0 100 [ |
100 1k 10k 100k 1M 10 100 1k 10k
RL - Load Resistance - Q RL - Load Resistance - Q
Figure 13 Figure 14
g Jd
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START SOMETHING

Sound Detector Hookup Guide
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Introducing The Sound Detector

The Sound Detector

The Sound Detector is a small board that combines a microphone and some processing circuitry. It provides not only an audio output, but also a binary indication of
the presence of sound, and an analog representation of it's amplitude.
Covered in This Tutorial
This tutorial will guide you through hooking up and using the Sound Detector. It will examine how the circuit works, explain some details about getting the best
performance from the Sound Detector, then present two different projects that demanstrate how to use it.
Suggested Reading

« How to Use a Breadboard

= Analog vs. Digital

« The Wikipedia article on sound.
Quick Start
To get started with the Sound Detector, simply connect it to a power supply.
(Sound Detector — Power Supply )

+ GND — Supply Ground.
* VCC — Power supply voltage between 3.5 and 5.5 Volts. 5 Volts is ideal.

In a quiet room, power the board up, and then speak into the microphone. You should see the red LED on the board blink in respense to your voice.

With it's 3 outputs, the board itself is a lot more flexible. To explore that flexibility, read on.

Looking Closer

Three Outputs?

The Sound Detector has 3 separate outputs. It's easiest to see what each is doing with a graph. The following illustrates how the sound detector responds to a series
of sound pulses.



Sample Sound Detector Output
This shows the output voltages over time.

+ The dark green trace is the audio output of the sound detector. The audio voltage directly from the microphone is found at this output.

+ The light green trace is the envelope output. This analog voltage traces the amplitude of the sound. Of particular interest, notice that the third pulse gets
noticeably louder as it goes.

+ Finally, the red line is the gate output. This output is low when conditions are quiet and goes high when sound is detected.

How It Works
Having examined the outputs, lets also take a quick walk through the schematic, to gain an understanding of how each stage works.
First Stage

The first section of the circuit is an electret microphone capsule. This portion of the circuit borrows from the Electret Microphone breakout board.

Microphone and Preamplifier
The capsule is biased by the supply voltage through R1, and it outputs an AC voltage that is riding a DC offset of approximately % the supply voltage.

The output from the capsule is an extremely small voltage, so the signal from the capsule is amplified by IC1G1, an operational amplifier stage. By default, the
preamplifier has an arithmetic gain of 100 (20 dB), and the gain can be adjusted by populating R17 (which we'll examine in detail on the next page).

The audio outputis DC coupled, riding one half the supply voltage, so it can be directly connected to the ADC of a microcontroller. In perfectly quiet conditions, it will
ideally read % full scale, or 512 on a 10-bit converter,

Second Stage

The second stage of the circuit is an envelope follower.

-

Envelope Follower
IC1G3 forms an opamp-based precision rectifier. This stage implements the equation
if(Vin > @)
Vout = @;

else
Vout = Vin * -2.2

The opamp inverts and amplifies the signal. When it's output swings high, D2 turns on, and charges C1. When the opamp output is high or not swinging, D2 is turned
off, and C1 discharges through R9. Thus, C1 tracks the peaks of the input signal.
IC1G4 is a buffer amplifier, so external loads on the envelope pin won't change the C1's charge/discharge behavior,

This results in a signal that tracks the peak amplitude of the input signal. A louder sound will result in a higher voltage on the Envelope pin. As with the audic pin, the
envelope can be connected to the ADC of a microcontroller.

Third Stage

The final stage implements a thresholded switch on the envelope signal.
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Schmitt Trigger
The Schmitt trigger watches the envelope signal, and toggles the output when the threshold is exceeded. A Schmitt trigger is a comparator that adjusts it's threshold

voltage when the output switches, requiring a higher voltage to switch on than to switch off, This allows it to ignore some ripple in the input signal, like the ripple
present in the output of the envelope follower stage.

The output of the Schmitt trigger is found on the Gate pin. You can connect it to a digital input. We'll use it to trigger interrupts in the software example.

Outputs

Each of the three output signals is present on the .1" header at the edge of the board. They are active simultaneously. If you aren't using one in your particular
application, simply leave that pin disconnected.

Configuration
Care and Feeding Of The Capsule
The heart of the Sound Detector is the electret microphone capsule — without it, we couldn't convert acoustic energy into electrical energy. These capsules have a

couple of quirks that we need to understand in order to apply them successfully.

Inside the capsule is the diaphragm, which is actually one plate of a small capacitor. That capacitor forms a voltage divider with the external bias resistor. The
diaphragm moves in response to sound, and the capacitance changes as the plates get closer together or farther apart, causing the divider to change. Since
capacitors are sensitive to loading, it's internally buffered with a JFET (junction field-effect transistor).

Due to the mechanical and electronic tolerances involved, some capsules are more sensitive than others. Also, the JFET is rather sensitive to noise on the power
supply. Both of these factors need to be accounted for when deploying the Sound Detestor.

Power Supply

The Sound Detector is an analog circuit, and as such, it's more sensitive to noise on the power supply than most digital circuits. Since the capsule is effectively a
voltage divider sitting across the power rails, it will transcribe any noise on the supply lines onto the capsule output. The next circuit in the chain is a high-gain
amplifier, so any noise on the supply will then be amplified. Therefore, the Scund Detector may require more careful power supply configuration than many circuits.

In testing with various supplies, a significant degree of variability was discovered - some supplies are less noisy than others. One exhibited as much as 30 mV ripple
on the supply output, an as a result, the the Sound Detector was rather sensitive and unstable. You can check how clean a power supply is by checking it with an
oscilloscope or volt meter, set to the AC Volts (or, if provided, the AC millivolts) range. A truly clean supply will show 0.000 VAC. Based on the supplies used in testing,
ripple of more than about 10 mV is problematic.

Powering my Arduino with a 9V external supply, which allows the onboard regulators to function, the Arduino’s 5V output was sufficiently clean. However, powering it
from the 5V available on the USB port on a PC, the regulators are bypassed, and the results were somewhat less usable, and vary greatly between different ports on
different PCs. A powered USB hub will probably provide cleaner power than the ports on the PC itself.

If all else fails, three 1.5V batteries in series make a nice, clean source of 4.5V.

Amplitude Calibration

The Sound Detector comes set for moderate sensitivity - speaking directly into the microphaone, or clapping your hands nearby should cause the gate output to fire. If
you find that it doesn't work well in a specific application, you can change the circuit to be mare or less sensitive.

The gain is set by changing the feedback resistors in the preamp stage. The resistors are marked in the silkscreen on the PCB.

Resistor Closeup

R3 is a surface mount part, with 100K Ohm populated by default. R17 is an unpopulated position for a through hole resistor.
Lowering The gain

It's most likely that you'll find the detector to be too sensitive. In testing the board for this writeup, noisy air conditioning and music in the next office were enough to
set it off. To make the board less sensitive, you can lower the preamplifier gain by populating R17 in parallel with R3.

R3 Value | R17 Value Arithmetic Gain Gain (dB)
100K T = 100 40
100K | 100K 50 2 |
100K 47K 32 30
100K 22K 18 25
100K 10K 9 19
100K 47K 4 13

100K | 22K 2 8

Raising The Gain



If you want to make the sound detector more sensitive, so that it will be activated by quieter sounds, you can remove R3, and populate R17.

(- R17 Value Arithmetic Gain Gain (dB)
100K 100 40
220K 220 46
470K 470 53
1Meg 1000 60

Lights Out

In some applications, the onboard LED may be distracting or undesirable. To disable it, simply use a solder sucker or wick to remove the solder blob from the jumper
near the LED.

Physical Considerations
The electret capsule on the Sound Detector is also sensitive to mechanical vibration and wind noise.

The Sound Detector will pick up handling noise. Mounting it with a resilient material can help absorb vibration — placing it on a piece of open-cell foam helped reject
vibration conducted through the testing workbench. Other resilient mounting strategies would include suspending it using rubber bands, or building shock absorbers
using #4 machine screws and heat-shrink tubing.

Wind noise is caused when blasts of air enter the capsule. Examples would be a windy day, of the sharp exhalation that often accompanies syllables such “p,” "b"
and "t." The capsule come with a thin fabric covering, but it may not be enough to prevent stronger blasts. You can craft a more robust windscreen with open-cell
foam or synthetic fur (like the covering that sneaks into the frame when a boom mic accidentally enters a film scene).

Software Example

Now that we understand how to configure the board, let's hook it to an Arduino and see what it can do.

Materials

In addition to the Sound Detector, you'll need the following parts.

Sound Detector Arduino Example Sparkfun Wish List

RedBoard - Programmed with Arduino
DEV-11575

At SparkFun we use many Arduinos and we're always looking for the simplest, most stable one. Each board is a bitdifferent and no one board has everyt...
Break Away Male Headers - Right Angle

PRT-00553
Arow of rightangle male headers - break to fit. 40 pins that can be cut to any size. Used with custom PCBs or general custom headers.**Features: ***...

- Jumper Wires Premium 12" M/F Pack of 10
= PRT-09385
This is a SparkFun exclusive! These are 12" long jumper wires terminated as male to female. Use these to jumper from any male or female header on any ...

e

Connections
We snapped a 5-pin section off the header, and soldered it to the Sound Detector. Then we took the jumper wires and made the following connections.
(Sound Detector — Arduino )

» GND — Supply Ground

= VCC — Power supply voltage between 3.5 and 5.5 Volts
+ Gate — Pin 2

* Envelope — AO

Additionally, as described on the calibration page, a 33K Ohm resistor was soldered into position R17. R3 was left in place, so the gain was lowered from 40 dB to
about 28 dB.





