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ABSTRACT

This thesis proposes a design and implementation of a system for area
estimation of objects using image processing technique. The proposed system consists
of a WEBCAM-based vision box, conveyor belt, signal conditioning circuit and
a computer used for controlling and processing entire system operation. Images
captured from the WEBCAM are processed to estimate their area sizes by using
K-means clustering algorithm and thesholding technique. Experimental results show

that the proposed system can effectively estimate the area sizes of tested objects.
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Tolusunsy MATLAB Walutas1sszuudiasiziuasUssuiananin
(Image processing) flaUssanamuiivasduiy Famnsarmuadoulunis
F'fﬂLLEJn%uamu,azﬁ']ﬁu'lum'sﬂ'mﬂuawwwmmﬁaul’u (Sequence Control)
suisdudnsegldau (User Interface)

2. duveeEingg
Fovifunuugnsadeuiuny mewudidsuadauentulaelfisng

3. #IUBINTIAIUAY
l¥n1sndutmasiaiiorunisfudiuasdanis Bunm (nput) was La sne
(Output) TnerfildangUnsaliauiees (Sensor) dunisulasdayainiieeas
Bidnuseiind ieddufinindunasing Wmeufinmesimlusunsy MATLAB
WieUszanana uanwwa wavdsnuduadnneaniufnnsdidnvseindifoutas
Fyqranieduaweiduindeumeniuuazinuendusy

1.5 waiiniadnazlézy

ssuunmsUssanaiiuitunulagldivadanisuszanananimmiaudessuuniuay
aevnuandsuURSeTulif uasssuuAauendusuieln Aty daTdiunes
Freu
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2.1 nandn (1]

wailanisuszaaananimduinmaluladidagduldfinisussgndldauly
nagULMIHARLUUSRTLER usniduwedauszinaraniwgnlflutesufiinis iladune
mmEzaantumsiesiidiiumdn Wy nmslasziunn wergtieansulude
Tany deuuvaiiatssurananinldgnimuisgradeiidosaulutiagiuiinisiinaia
Uszanananmluldedraunsvany 1y n1sdinunuaralagnisaadlunii, Asasiadu
AMILSITRIIA, MIRTIAURYNTN, nslszgndldauviniswnd wasnsussendlianlu
NIARAAINNTTH

nsUssandldnuluniagaamnssuiivaneadng iy neTindeundnsusiinaals
JesaRuAILdan s muanialyl, n1sldmelauszanananinlunisfnasnliaagin
wandneiiidey, 1 iavunavesian, madredaiumi wu nsmusswdslunsden,
nsfvusswisluntsiuang, nsimussiuidlunisussney W

P ar 1 o = T
Uit 2.1 segnsldnumeiiadsznananiwlugaamassi : www.pptvision.com



wadaUszInananw (Image Processing) vinanulagnistdrniwitldainndeaun
Ussinanalaeilaidy wazaunsniadacaniiigesnadily deldlinadwinuiisonis
Tngannsnutsnisviausanidu 3 daussguil 2.2 Ae
1) gunsaifunin immthiidunmitdesmsidrdrenfinmes i ndes CCD,
Scanner wazsauludy Andasdgeiu (Capture Card) d1uiundas
Fygasinnasteutaen (Analog Camera) gnauiianes

2) gunsaflumsUszanana vivihiuszaananimiifuuiaingunsaliu
amlpsnisduiamsadnmans tielilinadnsauiidenisaunTaii
Tlunisusznanasiasglusuasuined, lulasasulnsaiasd
(Microcontroller) wiaillunoulnsataas (Controller) diagudmiuus
avivie Tnadaduyewiouldsiulssnausiae ndes, fulasdeyayio
evlvsaiaes wavgunsaiiiladalufaodnm (Output)

3) Tuswnsutssunananw daiuilavanlumeiiauszinanann
Husadanisitnaiuiunmdifuen fnsuiulsnunimuenimn
AounisUszanana mMsldsanesiiu wazilidunsndnmaniiilolils
naswsaLiFaInts delusunsuildlunisUszinananmilvateussam
yanuuitanssan1ilvanlins 1y OpenCV, OpenVIDIA wiauuuii
SuAvia 1 IMAQ, Scorpion wazkuumluiisuwas (Firmware) Ay
poulvisataas 13U KEYENCE, Omron, Schneider, Siemens wa g
goiusTUanieluns@eulusunsuiay MATLAB,LABVIEW Liusu

ML

MATIAR

ooy

1.Input

-

2.Processors

T,
U 2.2 anlisnauvasnsussiiananIw
da v o € s o = =
FPUUUTEIaRaN TWRI8AB9UTENaUAIEaUNTATUN TRV MUIZEL UAIINASLEER
a a = O e v ¢d ol @

wazauislunisTuntmiaaneduaunld gunsalnldlunisdsyaianaiaiunga uae
auansalunisiuan Wiknsuasdesinnisnmedwedamunzay wanlussdeu
sufsanmuindednn q lunsvieu Wy uaeiangusadedddlusuniunisvivnues
YUY, 19, AN ETeNaUdNanT LasIsUULaEINAMINZaY



2.2 ftaWAwas (2]

garguasdenldluntsifoulusunsaszanananmiolusunsy MATLAB dagain
270 Matrix Laboratory tiuntwineufininessedugeiilddimiuduiandeiaias
(Numerical Computing) wamawans1in (Graphic) wasdounonndindu (Application) ¥
TanasaR IMHaENE Wann sanesiiu aiuwuudiaes waswennamduldiauassingy
210 nelufia MATLAB Usznau druntwireuiines adesdla (Toolbox ) wasileddu
Hugrusiuaunn hlinsiasieivildvainnaneds wiaufiudmauiisiaginiilusunsy
A1519AIUIN (Spreadsheet) uianwirauiumasaisnou \wu C, C++, Fortran, Java Uaz
e

SUl 2.3 @aMALIS MATLAB

MATLAB @nuisauszgnatdaiulavaigaiyiuin Wi n1sUsTuIaNady
(Signal Processing) nsd0d1s (Communication) M3UssanananIwuazdfla (Image and
Video Processing) s¥uuniunAa (Control System) n13iauazAIuUAY (Instruments and
Control) n'rsﬂ'lu'amwmﬁwﬁmami (Economic) nMsAuIun1etiainegl (Biology) uas au‘]
uumwmmammammnwmamuaum’l,ul,nmqmiﬁnmuauqmmwmmﬂ«u MATLAB Tu
ASATUIRATIR Y

23 wqwgmmnummiﬁ'\umaaﬁ
syuuAesd (color system) ’lummﬂiv'ﬂnuﬂﬁuaﬂma"aaammi Jeuventovesd

W Buas wines dun udy viodiudetuisssasBoaiiudiy wiu deu 1 911 an vie
'L%mLU'saumauaWﬂuma Wy Wealuneseau L‘U&J':’L'uma Y1INBANLE mmaﬂjan‘[mmm
LarenaaL mmmmﬁﬂwNmuam'l.ﬁn,a'mma U m'zmamﬁ waaeld Wity Fsnisuan
ANUeedn1835A15ANE 1ummmmmlmmamaeﬂ'1ﬁiﬁﬂwaaamuﬂaw'(,umimumz
AMAINGINT VITOATUANATZUIUNITHER Fatu NFI'ENM’LUUWS‘UENH‘UQLI!HML‘H‘ﬂﬁ]ﬁlﬂﬂu
Iﬂalu'lm'i'uEmﬁwamﬂmmsﬁﬂunﬂmmuuma'ﬁnfuUmﬂuaaaw’lﬂjmuumﬁmmﬂa Lazfitey
TlunmsusnAdvesewsiimiie

- szuu CIE. LAB (L* a*, b*)

- 5zUUELUU RGB



2.3.1 53UUduuy L*a*b* [4]
szuu L*a*o* Wusyuunmsusseneduuy 3 08 - L wuneds Araaiuaineden
0 - 100 31 0 wunede Hiladign 100 vunais ad1eilgn a vuneds Ariiwansaaudy
Funs nieiieg +a vursds wansaundudune -a vuneds wanaududiden
b anads Arfuansauiudmdes uietiy +b munsi wansarandudivies
b vanads Aviiwansauduhity

Yeliow

L"a"b" color charl E
(hue and chroma) +E’
P ey pwes .
© o
-a"® f4g"
Green Red

"
...b’

Blue

§1J17; 2.4 | *a*b color chart

2.3.2 33UUAWUY RGB [5]
syuud RGB Wuseuudvaa Fufnainnsnmaenas UL viawiiUIdy
wiAnnaudTi3andt &%a (Spectrum) Fausndauiiarenuestuld 7 & fAe une wan
: a 1 =¢! ar o cj 1 § i
wied W ity A das Falunasnuegluzuresssd Nildisaauiiaisnt aunsa
< v S0 a o d < 2 o o ! a1 a |
waaiulel uasdilnilaudafuaiiias pduuasiinnudgandinasdiag Bunan
as " & a ad 4 & d al o 8 '
dansthlatan (Ultra Violet) wazafiulasdund danudadudifan adauuwas 7isn
a a | a < o= o 1 5 | o
WEELAWIENIT BUNTUIA (Infrared) ATULEINUAIUAFINIIAUNUASATINIALAIUY
anamvomywdlilannseiuld uasllefinviguiuasdvionumiinan uaid 3 @ fa
g8 a & 1 4 o
Zuns (Red) Biindu (Blue) wazdiden (Green) vanudfiolunidvasuadioiunae
swfuazlrAedlvd 8n 3 @ As Auasuaudt (Magenta) a@vilowau (Cyan) was
Anies (Yellow) wavdmeuasdviavuesuiuaslivasdrnainpuandfvauasila
danlduszleniialy Tumsaignimeues asdufinnwiile amlvavied n1sas
AMmitemsiauenvenstiwmed warmsiauasdlunisuans Wusiy



Uil 2.5 svUud RGB

2.4 A1TUUINEULUU K - Means Cluster Analysis [6]

mstnduieyaite nisTmnduresteyaiifidnuusimiiouty sUtuutasaliud
wilouify TneiEuanmamsuuLengy mﬂﬁguﬁ']mmﬁ'ﬁuLﬁauﬁauaﬁuﬁmwu%ama“
ﬂaum"uauaﬂa'zaﬂaqnumwwaaﬂau‘lwnwgﬂwlmaanauuu aﬁ'Lum'iLLmnamaua
wusoenmilu 2 Uszianlug 9 dude m‘mmna:umauauuu‘iﬂfiaaﬁwammﬁu
(Hierarchical Clustering) wag msamnau’uauauuummu (Partitional Clustering) @ Fams
muunﬂammu K-Means Cluster Analysis wsamwnaﬂamnw m‘s’amﬂywﬂamuulmﬂu
Funou (Nonhierarchical Cluster Analysis) 158 n15uUd&d11 (Partioning) Immﬁuiﬂa
Sana3iiy K-Means audiauds (Partition) Yngaanilu K nqu Tmmmmmauﬂ@umﬂmmaa
yosngu Glfiduaaguinens (centroid) wesngulumsinszey mwaq%’mﬂla’[unfjmﬁmﬁ’u Tu
‘U‘uLL‘jﬂ'llﬂdﬂ"ﬁﬁmﬂaﬂﬂﬂﬂ’l‘i‘m’lmtﬁaﬁLLU‘U K sioafmuadiunungu () isasnis uaziivun
amﬁusﬁnmmumummu K 99 aqehﬂcg'l,umiﬂ'muﬁi]61ﬂuanmalﬁmu'aaumavnauu A5
anmwuﬂmmﬁwmmuau W9Z mmeaﬂﬂuaﬂawL'sz..lmuwLmnmmuwﬂﬂmmaamammﬂ
WANAIAL muu’iw'Nw.ﬂmsaumwumammuﬂﬂawﬁlwwmﬂamﬁuanawam Fumeusaly
ﬂaa=mﬂan'zJauauauﬂamamwuanmmuanawmlnamﬂmam Tnousazgaazgnimmualds
aﬁﬂuaﬂmdﬂﬂamﬂwamumwmmw Lazwagadudnadivl Taamsmmmaam
mwaﬂluﬂau mﬂﬁ]ﬂﬂuaﬂawlmt.mauﬂaummﬁaaumwua avlmaﬂummauwuﬁwﬂau
'mel,av’l,naﬂwmﬂuﬂnmﬂw mazj'nmwlﬂlﬁaa 9 srdanaiuimadndanasidiwuui
1/1ﬂmmﬂuanamﬂaaumnmuwm‘iau mun‘suwwmﬂuanawmum K 99 LifinswEeuntas
ﬂwuauqﬂﬂiumums



o a o as 1

flunsyan K-mean
favuaduIungu K ngu wayimungaquinanaFususiuoy K 9o
2. ingnauedadhnguiiigarudnansiegladngduuiniian Tasdwnuan
msfnsseviassuisaniitdosiian
3. Anugaguinan K galud TeemanAnadenningiieglungy
yhanlude 2. aunseiigagudnaindsuntas

Original unclustered data Clustered data

e — & .
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b il e o
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= ey e vt
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S a2t -t shar s XY dAd g2
A Ly S Py il . .
Yot ¥ g “
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Ty Ty

sUfl 2.6 fog19n sl K - Means Cluster Analysis

2.5 nMsuwUUavastayaniy Thresholding (7]

ATauls (Threshold Value) fia n1sfavuaAALduAidaIn1T81edanTofld
awsarmunlilomieldsanasiiuluntsdmundauls Arvssniilsznaufeduiouaya
audundn lunsfdanuioaaiudafies 2 antusg fe 0 way 1 afinwalaiiandy
0 gL inwatuildsn Anwaladiindy 1 mnearwdinematufidun msuag
amsdudmrldunimen-i uenenddd Threshold iluuuudautsvis juuuuid
natszau wazdsldatfuigildsinnis

1. Global Thresholding
Wunszuaunsitdlunsuaning fflenmuuandisainnwilundssanin msdunudas
nduresfinainiuingieaduviatndunmiunds aunsodmuadiliiunimduaduld
deglutaeiifnvun

2. Semi Thresholding nUszlaauvas Global Thresholding Afinsasuudas
MHauawesudazfnigaszegnalutivesdr Threshold auiudAniwaiiull viedAiuas
finualsioglurisues Threshold azgauasuAliiy “o”

3. Multi-Level Thresholding a1a33n152849 Thresholding Andnnunrede 3By
prsinandfua el lddeyaidvauaviedfufituargnudseeniuasday
msvhuiiisfunwiuAtaaw
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snduiiasdosulaugniaugd (Seement) nwaanuIuINAII@eIdU Multilevel Threshold
[ t i L] 4 v ' as 1 oA 3 -
agviliudanmndedangulduinnit endaegragudalaunsu (histogram) 04 Wil
) dl o b 1 A 1 1w b E; a s
NFIFAAINYA @NUITOUUIALNENT Threshold 1o 2 a;ﬂiﬂa‘mwLLU@lwwaumnuLLazﬂu
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Jun 2.7 WJEJEI’Nﬂ']‘iLLUQ%WUm‘UEJi‘JJaﬂ’JEl Thresholding : Wikipedia.org

2.6 nMadauaslifuliusuiithamadau (8]10]
dmfunsdauaslisuidaihinumagey (Lishting setup) tuindussdusznauil

ddantumstheguiuifeitinuvegey Wesnnsdegudelifimnudaeuasiesendy

n1sInIMAIIEALE naangUnIaluTENauAIe Whannzaufudundvostuile Wil

ilelilgnmeaeifeiiimudaay Ui et amdeilaluldlumsuszsnananin

uazmsrvapulipenegnias dansdnuasasisznaudise sdlszneuiiazieniinisiansen

Fovieluil

SR RHRTILTGNIR R T g Y AT

- Edesnnueawmadi L lawas

- ArwgmAdUYealY

- m’maJ'nﬂé'wuaqﬁ'sﬂiaammﬁumuaaqﬂnﬁmﬁﬂ%snau

- ansiimsvnumeaadutangunsaiild

- gUuuvresuvdsRdiauasilduuunsdl (Steady) uuuusay (Flashing) wie
wuuduiad (Impulse)
- Twanlswwdu (Polarization) veduas
- ammwndsuiiinisings
3n0IRYTENBUAINY T09N15TARAY Aefind1rundadu deadwnlduszneu

nsResudenidunasiiauanasnaugunsniusenausney imungan dwiuguuuy
nsdauaidAniifaeiu 3 wuu fe

1. msdnuasnIuntn (Front lighting)

2. MIVRLEIRIUNEY (Back lighting)

3. msdanasulasaiavasing (Structured lighting)
dmSusivasBuamsnuausasuuuasaudadldfail
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2.6.1 NMIIAUAAIUNL
drwiusuiuumsiauasinunthausouandladsgun 2.8

Camera Source

Momect

JUR 2.8 gUuuUMsInuasiunti

INFUA 2.8 HanIaNBENITIATULUUNISIUAIN U dmTumsdnues
wuuiiindesuaginasiilanaavzgniindagaiusediu

2.6.2 NTVAUFIAUNRY
dwuguuuunmsinuasinunasenusananslafagui 2.8

Camera

N SanaE:

MObject
@ Light Source

JUN 2.9 JULUUMTIALAIUNAY

1N5UT 2.9 wansdnwarmsdasUiuumMsnuasiund dmunsiuasuuuiiin
ndesuazunasindanansgninfagiunsediuiy msdaguuuumsliuaauuuiazli
anuannsalumsuenuezesdusznauneluvenie s wisgslsinunisiauaauuuiill
wsnEdmSuMsAsIasesUnnIaLiIvesie

2.6.3 M3ALEIUANBUElATIET1UaeINg
drusuguiuunsianamudnunrlasiaiavesingaunsouanlans
Ui 2.10

Ealfl
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Camera

|

Light Source

UM 2.10 JUuUUNMsIRLaILANYElATIET 1R Ing

PNGUT 2.10 wansdnune sULuUMsTarasudnvurlasweiesingdenis
Fanasuvuilagldfuundesnfanasiifidnuazdu Dot aray Faazdrsuaslifuinglaoase
AU WUITE I TDIUTAs AL TR uasRdeA g ufiuand1 99 ndandasiivim AT uniw
%agﬂLmei"I,ﬁLLamwﬁ%mmxﬁm%’unﬁm’;f\aaaué’wmsﬁuﬁwmLﬁa (Contour)

2.6.4 Mmaufgmizasuasdmsuguuuumsdnussdumii
MngURUUMIIRLaIUUANEY Sefind1aun JUuuumsauasiuniiagiing
Tamunniian sargnideniulilunstanasdmitlnsinsdided fufusshmsfionsands
Hitistuiuszuuifldsuuuumsianasi i dundn Taglunsduasinumiiaed
Tgymménay ¢ Usens e
€ ﬂﬁazﬁauuawmﬁuﬁa (Glinting) L‘ﬁa&mﬂﬁ’maaLﬁaﬁﬁmm‘nﬂaauﬁm’m
UL
- videaniide (Shadow)
- arulirudhvasyy (Edges) sernafladiusgg
- mmlﬂﬂy%’mmammwdmﬁaﬁ’wawwwﬁi‘ﬁumimﬁamﬁaL{hmﬁﬂmﬁ
ATIEOU

Nndyniangg definaraan FelddnsunaueiSnsuilymdaiingiuis 4
Usens faedsenee datl

1.) msdauailaglduvasnidanasifidnwaglaaisnay (Circular) 1wy
vasarlgeaisawumbuuInal lunsaviounuunsaanas 1 Tnednuuymsdauaaiuy
Tenusouanslddagui 2.11
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Scattering TeCarmona
surface on
inside of
l—@em
Object under
Lamb Examination Reflector

f®/ (1)

JU#l 2.11 mSLLﬂ‘ﬂgumLuaamﬂmwmmmw 89 1 wuud 1

NNUA 2.11 wiiudwhndesdmiuiuninazgnindseguinuinaises
wraaniinuas e'z’fag‘dLmum'ﬁﬁ’maaquﬁasmauﬁﬁagﬂnm‘%‘aqmﬁﬁmﬁuﬁumwmmﬁaﬁma
WdmsunisuidgmidesadiAetuieddd 1 aunsndestuuumsiiuadl@dnuuunies
uamaluguil 2.12

Umbrella with white matt
coating inside

o/

Lamb with reflector

Camera

e Object

JUR 2.12 msundgnidissanmsiauasinuntiBa 1 wuud 2

2.) dwumsuidymvesmsiauasiiuniisd 2 4iig mywmmﬁa
uhtlymnsasieunasesinduany Tasdnunzmsiauasaninsauandlasiagud 2.12
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Camera

Matt black L]
(To protect the camera)

/ m ‘ ‘ & Scattered
light

Diffusing
surface
Reflector prevention
of direct light
Flood lamb

Q > Shiny object C )

5UN 2.13 mﬁl,m{]mmmaamﬂmiamu,aqmw A9 2

[
= o

3 24l W’Wmiﬁ]ﬂuﬂ\ﬂ
0
(]

b 23

PNJUN 2.13 dusun s uAdgmrfionnn1 TTALEIAT LR
’Lwﬂmmmaaaaﬂmamﬂamiamawaau,aaL,mumﬂmaﬂ%mﬁU m
LLaaamauwmﬂmﬂm‘uumummmqma 9 la

#9335 Tazahean

el al

3.) dmsuTEn s tamvesnsTauansi 3 4 wdieuidywnsazsiou
Yeauasfinnnsznudue lnasusuunisiauasiuingaeyinmsiiuasluningludnuaeiys
a5 aern lnglisetondensazvieumiioulunuudsy 2 Fsnvazsuwuunsuidmnisdn

WeraeaE3s 3 ansananslafegun 2.14 uasgui 2.15

To camera

A

/ight 1 [ Light 2
Matt black |

screen ‘

- Specular reflection from light 1
X S8 9

Shiny surface
being examinated

U 2.14 mMsutidgmfieannnsdawaeinuninisin 3 wuui 1
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Camera lens Ring light
Ring light
: Light input
!
Ntz
Surface being Ll
(Inspected shiny) Camera lenses

‘Uﬁ 2.15 ﬂ'ﬁLLﬂﬂﬁUVﬂLuaﬁ’iﬂﬂﬂﬁﬁ]ﬂLLﬂQﬂ’m‘WUTJS‘W 3 LL‘U‘U‘V’I 2

NJUT 2.14 warud 2.15 wansmsuidywiliesannnisdauasinunt1isi 3 lae
wuudl 1 azldneenldmiudrguasdiuau 2 a9 Tikasfiyy 45 09m uazuuud 2 agld
vaaalnvlnawuviu (Ring lisht) 1ieniufelumsiiuaeiuing

a o &

4.) dwsuTsmsuitymvensdauasisi 4 i ﬁf«]mjwmmﬁaamwaum'ﬁ
dvviauvanauYuFe iU meLuulﬂmamwmwmmaﬁswumuwu Tavig wanamn wsdin
Wudu ImaanwmvmmmLLmsaJmequa'llia 2 Wiy Tunnsimuslnatlsdvendis
eduundsidauasuasmesunaasdmsudionn InednvuznisuilodymniSeas
Fe¥ET 4 danunsouandldfeguit 2.15

Camera Light Source

>

Li_n(.aa'rly.\ \AY k/I_inearly
polarizing filter / polarizing filter

(Easy axis 90) L (Easy axis 90)
Object

el =l

5UM 2.16 miLLﬂﬁmmLuawmmiﬂmLLadmwﬁfﬂfaﬁw il

ALIVLNELE
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5.) ﬁm%’ummﬁﬂmmLﬁaamﬂmié‘]’maqﬁmwm
anuasasTeuiAnIntule Tnudnunzaesnmsinuasansouandl

9
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ot 8
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Camera

Half-silvered mirro/ —_—
Circular collimated light

E'S

Circularly
polarrizing filter

Objectunder
examination _—"_____

JUT 2.18 nMsuidymideinnisdauasinumi 359 5

ngusuunskilotymivesnisdnuasmuniong 5 Bildnanundiewuaiunsn
dyUlefve deveInnayIslinemIsen 2.1

P Y Al | o 2 ) 2 9
5197 2.1 Tefteidereinnazddlunmsuidamin1sinwaIn1unt

0 VUi 1 N 2 Vuii 3 nguiiii 4 | nquii 5
wnaundaym = % 5 ‘,- = = -

U 2,11 | quii 212 | gUf 213 | Ui 2.14 | gUn 215 | sun 216 | 3un 2.17
Shadow free | ++ + + - - + ++
No glinting + + +F 5 + ++ ++
Sharp edges | ++ + + - - ¥ ot
Parasitic

- + - - + - -
effect
Reliability - ++ Fort? - - 3
Maintenance | - + + + B - -
Price - + - . . - -

(+ = Good, - = Bad)
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N15U5UUATNUNTUULag I ATIANTSUSSU2aRaN TN

UEUD

3.1 na11n
dwfuunilaznantansesnwuunazadeszuuiudeyanimieldlunisuszunaen

8

fuflvesfuruiarn1seankuunasdidnnselinditonIuAN M TINUAIINIULAENTAALYN

Dy

8
~

Fuau stelUThASUAVSUUS LI aHNaN TWINRILN T

d o
3.2 1As9d5199995zuUNULEUD
o w b Py o .:l
dmiudnUsznounanuavedsruuatusananalafaguin 3.1 uaga1Im 3.1

Vision System Box :EWEBCAM

uv Light—;éLé S Conveyor Belt
Sensor3 Sensor? 5 Sensorl

4 Al
i 1
IJ “
A Oblect f

ol ..l
! lin cjinMotqrf

1

1]

Servo motor

| | Interface card | |
i s

2

=i O 2 =
JUN 3.1 svuudssinamiiununulegldvailaussnananm
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! } 2
fala o

a5147l 3.1 gunsaififeasldnuluseuuimhiaue
gunsol whiin1sviau

\uLes 1 ARAIUTNAUITUNW @ NI RS
\wuLes 2 Anssuinamglugnsiadeuiuiy
uLEes 3 ARRIUS N TUIURBNINA BN LA L Be lUSIE AR LN TUITY

H <

grsnaeuiuay | gsndandasiuuay uay vasauasdansililelan

AUNIUALRS agwusdusdindduinfulamesietundouaeniuddes
dufinuentuy | dndsennaemudidosimiidauentunuaudouled
AvuaseeslLamnes

nsnduwasing | aunsalutasdiysnunagain seninenouiamesiuieas
didnmsetindiilomununsyuiunis

AoNRIMBS ATUANINTV UV TEU LB UTEUIANAN TWTINDIUAAINAR I8
Tsunsuiiiaudulaesendwis MATLAB

¥ "
& oalay

dmiuTupeunvinauressruuyssi i ungualag ldvadaussiananin
seiitumaulumsvihanudsil Suanneuwes (Sensor) MUINTIRARIBEAUNLIVEIA BN

]
=4 <] 474

deihilunisasetuny Wedinnsliuamesamvauaeniwndouiiduanudng
et uasiisugeshireniiovhmifiasaeudunulinganefifusrosify
awvesndesiiuna (WEBCAM) wazifiunmiietnluussaanaolsunsuiiiam, way
deneuiumeiusrnanaiadaiedinuly dufauonuasuamosmumuanemuyiinuiie
Tunusenludsdufnueniaznganisihauesa e uiietus uindousinu lwume i
@ FeaguaruvesaunIy FetumeumehnuvessruuysrnuAuitunulasinaia
Usvaanan wanssouandlesegui 3.2
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MIVAOUTUNUNNIY Sensor 1 <€—

\ YES

- -

AENEN UMY UNFRTITd0Y

NO

AU UaENEAnIY Sensor 2

NO

M59FD VLU LUT LN TU

UszaananIn

 AE LN UL AT LA ALY NI

%, |
L BASUYALNBRIU Sensor 3

.

= YES

e ,,/":';
END

NO

8/
as

JUM 3.2 Tumsunsvhuvesssuulssinaumiuituanulasldvmalinussanann

MNFUN 3.1 waz 3.2 szuuivmuuiuuseneuldedilsenounan 3 dautufe
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3.2.1 diugpaeasaanvsednduaznisndunesine
29959\ EnNs0dnd (Electronics circuit) dmisunsindusmumimestuamuuy
mawmuazmu@mmi‘ﬁwwmawama%ﬁw%’umumawwuaxﬁmmﬂ%uﬁu 59 MIA
Buimedina (nterface Card) Aogunsninuaundnialudovsossnineniamesdauiy
wigUszianatureesdidnnsedndifiosua wuasdryns uazdedn Seazesuie
Twazduavesdiunasdianvselinduaznindumedinaluide 3.3

3.2.2 dauvasandauad
g3t Ul us T UL UTE LN AR LRTuulee ldmeliaUsyanananIn
Fa9zUsENaUMIY 3 @IUNANAaL

1. gnsrndoutiuny
dmugasadeuiusiudsznevludisgunsaiinegded nasauas
Fanslalowan (UV Lamp) taeldnimwesdunudinnudmauiduieammnlunsasadey
Funuiildvnaeunayndosiunan (WEBCAM) dmsuthen ndunu Swreduiosisazidon
Tushe 3.4
2. SYUUAIETNUELALIERLENTUIIY
dmFussuuaenuddsednuentunutues U AR LA oSHL
n1§nBumosinauUasdynnaifiedsowlfansnudidesasyhmihiflumsiniuaudngd
AsIvdaUuTUar U Ui ldsumMsasndeuudeenlugdufauentuu Suvesla-

LM sIzyNsAnkeNTuNuUAlrawIanaenIua e BazeSuiesieavideniuimde 3.5

3.23  duDwanslLas
drwaslusunsudimuTudisldlunisussurananm@ssutoyaiildunan
o =3 -] ) s = '
NavaLIUkAL (WEBCAM) ka2 uussauianan ntasdaa uaien1udaien 499¢nany
eavidealuive 3.6

3.3 d7uvps9asdtannsalnduaznisnduasva
drusniaursiadisumndulsenoufieiesddnnseinddne 4 dmsunsaade

A1 gmﬁweaﬁumuwmawmuasmuamﬁﬁmwawama%ﬁw%’uwumawmuasﬁ’mwﬂ

Furusndiminunesiadniuslasdyao wveBuneTvasdusdelusel

32.3.1 29959 ANNIUNAAUNTUNSIITUMUALIY D ITUITUUUAI BN
d1n¥ur9asdrudasyind AUy es ln1sRsI9TUA T NUIVDITUI WU
anenu Tnednuuruede9sNoaniuuLazyiINSas I TuENTaNanIlARagUR 3.3
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ﬁ +5 Volt

T
£
4 To Interface]
+>0Lpl"tlv\/\,__|C}pta«lsolate [ :Card g
e p 190 CD4050
=] »
¥

r—

U 3.3 29sdidnmselinddmiunsiniumuviesdunuuuasniy

:\- +5 Volt

IRLED
»
(24
Photodiode

150
10k
0

T

3.3.2 299s8iannsalinddmiuatuaunisinnuepwanasd U uA1ENIY
dmsulrnasdiutagsiminnlunisaavaunisinnuveweinasdmiunyu
anenu TasdnvarvenasfioonwuukasyiinsasumaInauanslafagui 3.4

+5 Volt

&
—

From

Opto-isolate
InterfaceCar

v
CD4050 v K 3

I

NC

f '3" <[
—0
NO

Relay

Ufl 3.4 2938idnnselnddmiuniugunisiauresemesdmiunguasnu
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3.3.3 2asdiannsefinddmiuatuauwaslwawaiiialdlunsAnuenduu

druiuasasludndasiuihilunismuaunisvhauresgesvewmesiiely
Tun1sAnuwenTuaulaednvaeresasiioanuuukazyinsadaduamnsauanaldnguil 3.5

2\ 15
Volt
10k
£X
2
3
10k
7 8 V4
5 BF7)
4 4 1
NE Opto-isolate
2 555

From
InterfaceCard
3 2K 2k
2.2uF =—
5
patl s

QB g1
I uF
Volt

10k = A
L 2
10k : 7 3 ) 'jj::]i

Opto-isolate 1

From
InterfaceCard
10k

2k

fl—- -

3/

NE
959

|
MA-

2UF ==

1
N

IO.SFJS 1l . 7
W gl

_li_D
Serva Motor

T/0¥AD

U7 3.5 2nasBiannsedinddmiumunuweshuswmesiieldlumsfnuenduay
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3.3.4 qeasdianvsedinddrviuunasdralvl [7]
dwmFurasdniasimihilunsielWliiursavanimaeesssuulng
AnuaIEYaINITRERNLULLALINTAT N TuINENN TaRanslafaguR 3.6

Pl 1N4002 x 4
O Ic1
15V ac 7805
P3
In out {1
5V dc
GND
P2 = — :Cl prm—
3 100uF/25V
oV 1000uF/25V
P4
. GND
C—3

d a =3 e o at 1 1
UM 3.6 wasBinnseiinddmiuuvasanely

3.3.5 minduiaaiin [9]
5 a ¢ - s < 1 o v o o 1w
n1in8umaiing (Interface card) wien1smdause vimmtiilunisidendodaya o
AIUALMTINIUTENI NABUAM B UTEUUANIg a1 Tun laglulassuiilaidenldnige
dulnadiWauaIuTy¥m National Instruments Ju USB-6009 Faflanuwazuazanaudfids

U 3.7

e

@

&
o L
o 2
% i -
@ . -
L L
€ [
o TIONAL 1 B
# ' "?'WS s
o i ’ e
[ p._u”' ”"_f &
@ L L B
@ . o
e &
- £
L2
&

g‘dﬁ 3.7 ndnduwasina National Instruments ‘g'u USB-6009 : ni.com
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M3nduImefinail USB-6009 189U3EW National Instruments lagnsnduinesing
sullanunsnideonsaiihfurenfmesilimunuruaes Use sil#dauagaanlunisinits
warldou dviudnvuglasaiuazauantfvanisadunesinaiy USB-6009 @1u1sn
uansléfaguil 3.8 wazsedt 3.2 muddiy

2%

>

External
b
% L N Power +5 V/200 mA >

5 Supply
s 3
m o
@ PFI 0 -
=] o =
F E
@ £
(?;' USB Microcontroller Q
= Q
b= =
P0.<0..7> b
o)
0O

<
N
v

+2.5 VICAL

8 Channel
12/14b ADC

><L

Al <0..7>

SPI

S 12bDAC AO 0 >
LA e gt AO 1 >

Analog I/O Terminal Block

UM 3.8 dnuazlasaasiaveaniinduimesineagu USB-6009 : nicom



25

A9 3.2 anaudRvensnduwmesinasu USB-6009

AuauTRvaINInduInasinaIy USB-6009

Analog inputs Differential = 4 Channels

Single-ended = Channels

Input resolution Differential = 14 bits
Single-ended = 13 bits

Max sample rate 48 kS/s

Input range Differential = £20 V2, £10 V,

g Vol +2.5V, +2 V125V, £1 V
Single-ended = +10 V

Analog outputs 2

Output resolution 12 bits

Qutput range Oto+5V
Output impedance 50 Q

Output current drive 5 mA

Digital 1/0 lines P0.<0..7> 8 lines

P1.<0..3> 4 lines

Direction control Each channel individually

programmable as input or output

Output driver type Each channel individually
programmable as open collector or
active drive

Compatibility PNV L, CMES

USB specification USB 2.0 full-speed

USB bus speed 12 Mb/s

NTUT 3.8 uarms1eil 3.2 aifiuimsedutnedinasy USB-6009 Usznauluse
199sulasdygaeutaenuidnea (A/D Converter circuit) 2asulasdyguiineaidu
awaan (D/A Converter circuit) kagdunniavinnuuuidnea dmsuthludszgnaldniunu
19958idnnsefindnieguenanes Ima%’L%’m's’rﬂﬁuma%LWaﬁTuﬂﬁﬂ’m@udmmwaﬁwuﬁ’ﬂ
L L U VG RTETN

1NNITLoEA1Y @unsaudnsisasdidnvsaiinddmsuldlunismunuszuuaeni
SudsauazAauentuguriomaldfaui 3.9
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svsddnnselinddndivnunnerilueweiiolily

MaFAUNFuAT

| rardnpaidviumugunininuve sz

nririumpiing (nterface card)

!
.w:‘_(; 3 = T
,’.—,_rl w@:‘r{}(j E
r t sy
4 .4
: 1
H

Wa Bt nwralinddmiueT i wndine

TUNLLLNIT Y

asindnptndbmivmuumaimueowensi

S

o a a €249 @ o < @ &
JUM 3.9 wasBannieinddwiuldlumsmunussuuaiennuaifeas AnLgnduIm

3.4 wazBuagarivdeuduiy

e?m%’Ue{'auﬁ%mmﬁqehu‘lj'i:mau'uaﬂﬁﬂﬂﬂaauéuawu (Vision system box) sfini
néouiunnn (WEBCAM) adunmuavdsdoyanmiudirouiomesiiioustiananwillé
wazdeausely saufundisniauasnielugnsivasudslivasauasdansilalewan
(UV lamp) Tunsfniilauas daumssoniuugpsradeudunuliiegud 3.10
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= v =
5UM 3.10 M308NUUUARTIADUTUIU

3.4.1 vasawdedansilalaian [10]
dwiunsiievasauasdansililean (UYV Lamp) uusegnalaemdiugin
tuileminnlylunismssauariiasziing (Detection and Analysis) liBaamnaisunagiings
= <4 v al d' o, 7 v ot é =l 1 aaa =l
fianisiFauadiiduidnuonnuls melduasdansliloaadausniundy Ujntondasuas
(Fluorescence Effect) 1518 neraadutfduidssandduaiulanaiayssian 59069 N3
= & 1 aaa i -4 o £ ¥
Ansrziufiisendasuas (Fluorescence Analysis) Inenaaaliiithunldauuszinniiaziiiu
%1 Low-pressure Mercury-vapour Lamp Black Light w38 Black Light Blue 1548 UV-A
%14A710817IAALUTELNA 360nm. (340-380nm.) duLasaiefintauiuiitasuin iy
NavaInIsiseageasawildtunddlulaswiulezlivasauadansililaanarsdua
Waliamdunuiaurudauayanunadsuniuiduneuzaen W wasneuanidaud1uily
L% Qv 1 1 i 72 s 3 A
fnsrdeuiuuiinansenunenisatnwrasndeduiay uawsansiblaaatulunaiyian
nsasviaulan
o al ot o d ] =9 dl dld
dmsuuasdansillalaavisuasyTilurdundivaniviheianilsniiauen
A 1 1 1 1 ot ¥
Aaueglutae 100 - 400 uTluns Immiwmm‘amtmmgﬁLLmLﬂu 3 9999t
1 AA 1 d 4:, aj 1;
1) UV A 99A7708719RAU 315 — 400 nm (Jutiaminueiaauningaaiusn
:[ al © i 'L E2 =1 a, L ]
nanvakasgIanunsndiunldilulsslevilunenuaiivasidndus
P ] 4 4o v o g = o o d a4
Desniluaiuiieglnafiuwasiniueanu Jusendndenilain near UV
1 A a’ l:" o b4
2. UV B ga71de1Iaauw 280 — 315 nm %ﬁwaaﬂugwu a5ty
Raydalviiney wazivang UM L‘f]uéfumqmaamst.ﬁﬂmm%qﬁ'mﬁq Wl
paulszlagdlumsinwlsafaniunsedald saudanisussendluau
anATMNTTULA
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2/

3) UV C 439A211819A8Y 200 - 280 nm Fsiindsenugendiuasyivsaas
iiausn 1uednisunsiedesenieldodteguna wu fuwadwinges
(Erythema) w38 Liaya18niau (Conjunctivitis) L3 1Uszgnsiul
Usslonflunissiidelsald

X-Rays Visible Light
UVB —> ——— UVA ——

nm is UVB, this

gth is the type 315 - 350nm i3 produced by
that causes sunbum. Jome specialist lamps in order
itis a portion of the &
wavelength emitted by
suntanning tubes and
Is assential for reptiles.

Cailus if you require
UVB emitting bulbs,

| | NUYEYA
200nm > 280nm 315nm ‘/ gm()nm
Germicidal BL350 BLB
3ﬂﬁ 311 ‘lf?ﬂﬂ?ﬁh&ﬂ?ﬂﬁ,UﬂEQ%ﬁaﬂﬁ s www.lightbulbs-direct.com

w

a s =l' a ar a
duiunasalniliiasdansililowan ludagduiindaiugauinuienans
aw w ow = o v W 3 ¢ ] v
UTtmasiiedn 3U7 3.12 lnevaeainidenldanunsowanisiagun 3.13 Jsvaeniidenldill
AuaudRivinzaulunmahnldidensvgeutunululassaud

W R D R B PhArgocyiiis Tt diios i :
e it 3 U w0 26 ol o ‘i't: o o Lurge- O G o homtar doraryg
ot 2% 10 0 0 R D Ly WmLV-Tm'ee ey F .
1nd 5 -Smu;{t-::wn-‘?p.wb % s noIsw 0 0 F G 24 > B %
B B 089 AR LS 10K 0w 0 &40 ] G13 36 260 19 &
3 - g - g W [ k2 33 22 D201 1 Gy
it TURAOW 03 or o G 13 i 7200 2% ()
§ : T, ARW OF oo a ury 89 2280 113400
LW 0 G 't 8222 308 80)
W - F w1y 34 23 30K 3¢
L AOW D 100 . Gy (3] 273 200 2
TLO0W 1y e m LR e S33 322
00w 0t e £ Wit 114 w2 M
. - Fluorescont lsmps for insect traps (wavelength 360380 nm)
@ :W Toe Lenger, [ e :rndhv Cwdaryny rsstoes
"’t‘ T T N Gt Tor T s o
e LW 0R 230 i Gs cE 3 0 4
haies’ u TLAW 0n 0 1L GY ® ATE0 QY0 G0
W Fi 16 G 1 8227 708 553
| NOMHwW 0B Lt b Gy ) 280 248 OB
L W 2y % G 8 HI00 199 008
W s L2 » Gy 3 0 008
L e/ B S8 B/ moe
. i ?ﬁ Sagie + s N T mAW 0 3 2 8222 342 106
W ¢W N R w0 L 8222 43 203
< ; . - -k w A
e : F tamgps for g [ gth 355 and 420 nm)
s Mk Ee L 2 .
ACTINIC LAMPS hiad e Da » Hakasr P
Actinee T, /06 and Super Actine TL 03 laimps are athomnt "{ t.l’o‘\'vo% l& % é;; 4 gg%m
altrawolet (233NN wources wWith radation peaks of 375 s ang 420 m T 80w m 1 g %13 ta B2 0k T
Spect Aty n _’ﬂﬁ m o ¥ » Gy 240 L RFRE
Tha spuctral energy G rrm-whT m:” " y ol many of the dazn
Jagers used m photopenting Actinee TL' /08 and Cleo lamps amit & hghly: -~
zoncantrated adiation betvesen 330 and 390 nm This makes the Wmps very T I0orescent lamps for g (09 and Cleo)
o for tha w of skin o Sh 98 .. Lo Ow Cop [T ——
Ty ave aino used lor dwect pegerentataon of the sken o insect Laps and o w
e Tawa o= B &3 4% EEd
™ bl T Gt *
uitraviohet 8 | without -8 ang LG W o VSO0 e w13 " #3222 M2 06l
170 i ave usod or Shes skt g . o eAres Rlewtm e % G B maum
B LT o s To0ece T 2 s N, mEEE
Lol e *
Nowada LD IR W O e »* G 0 220 a0
5. there sse atsa PL actiras lahps TU 44 G ORN ) n G 21 w72 ZW ALY
T D% Ok ot n %4 14 8212 mm sa2
6 Ve 425 36 1 a0 12 W2
TL20W. 09N wn 3 i3 iy STR00M O
TU AW O 1300 1 a1 7 oos
A 0w o e Gy s WMDY 0
VA B0 W 100 " Ul o0 290 (113 A
LN 10 W 10 n G 13 o A8 043 008
VA BOW W 1900 1] Gt is QM OF)
A N0 W W i ] on 2 IR0 A 008
VA &0 W W - W Gra & AI8) A8 R
RUA B WA 1506 b G LS IO F O
HNA, W W B [ E ] 13 2 087 008
Wik 40 W W o ] G2 (i Ja0 0w 08
P D W W 190 ] 613 w HEB0 ORE 0
RUVA 100V W V. £ a1 2 I (R OO0

d o 4 a
UM 3.12 sagrvaealuiliuasdansillewan



T5 16mm BLB UV tube 12" 8W (UVA)

lighting effects

Specification
Attribute

Our Part Humber

Cap Cescrigtion

‘Waltage

Vew larger chole

Vokage
Prase Finish

Length

Diameter
Barcede
Manufacturer Part
Numoer

Ifanufacturer

v

29

Ultra-violet flucrescent tube for forgery detection or special "glow in the dark’

LW 0
Buy this item
Value Price Price
Quantity
1688 Inc VAT ExVAT
2-Pns Smm Lparl 1GS -8 £12.72 £10.80
19+ £11.47 £9.66

Blackkght Biue
200mm

16mm
5410288000244

24

d ) bl b
5U# 3.13 naoaginidenlyan

3.4.2 nAadAuLAL

nasaiuiay (WEBCAM) Talunisduninduaiuiotr luussutanan wlng

nagsiltlulassruiifendosiuwan Famnsunmaiudssgadldaumasinagauas
& wow ) ) - wa | v

m@aladneiluaiuvisenana mswamﬁa@Lt.axﬂmauumﬂé'aqﬁmmu Mmdanldaiunn

3
wARalum15199 3.3 LLaxg‘dﬁ 3.14

o wa v d o A %
13714940 3.3 ﬂmaﬂ‘u@ﬂ‘uaqﬂaa\?nULLﬂuWLﬁaﬂi’ﬂ

naay WEBCAM OKER OE-177

ANUABLIYA 16 Mega pixels
Resolution 2.0 M pixels up to 16.0M by
software
Frame rate 60 FPS
Info noise rate 48dB

Focus range

30mm-infinitive

OS support (Plug and Play)

Window
NT/2000/XP/Vista/Windows
7(32/64 bit)/Mac OS X
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gﬂ*ﬁ 3.14 ndaaiunau (WEBCAM OKER OE-177)

3.5 STUUEIEN LA NEL IR ALEN T

'iwumawwue‘im%‘mﬁ’mwﬂ%}umuﬂgu%%’uﬂ'1ﬁﬁuuzy,mﬂl‘iﬂ:mf-]nmﬂﬂauﬁuma%sim
nimBuimesa Wedsmiliasnudidsssimihilunshunuddnn eyt
warthuuilifunsnTndevudeanluddiudauantuiy Tnsseasdannsesnuuy
ansnsouanslddegui 3.15

171 Cm.

v

-«

<+—40Cm—>

i?Cm 7Cm.I
-

20.5Cm.

«26.5 Cm.

(+-20.6 Cm.—»>

95 Cm.

U G

132 Cm; «—38Cm—>

A,

< 171 Cm. >

o e T — I ) e 2

< o
JUT 3.15 NIpBNLUUAIENIUEIGE



3.5.1 anUrdmeduawnos

AUdmasuawmes (Capacitor motor) Wunewmaswilinszuaadu 1 wa (AC motor)
dsldlunsauauanswiudndesiadoude
wuu Athdmessunawmes (Capacitor run motor) Saflusedntfasvasyineu Sauansiagudi
3.16 \Jefunszudluihennisasdidnnseiind Swvheuedeutuauluvuaewu swasden
gaanBmosuained Meunandlefinsd 3.4 wavdnvasvoiudwmasuamosinlaly

fusslnvazaniingildnIsuavuzaniiniey

lassuunandluzui 3.17

./’/ —~ \
: /' ‘\\
1 C.8. \
i 1 \
RV ﬂ 5.4
} /
Z\
S
i M 8 ok

d o = a L3
JUN 3.16 1Wasnisviinual fnediuawes : eduetech.acth

d Wen < L3 { v
A13190 3.4 AouauiRvasn U 1wesuawesiiianly

Type Capacitor run motor / 4 pole
Input 220Vac
0.55A
50/60 hz
55/55 Watt
Horse power 90/108
Gear ratio s 15
Duty 30 min

< a ¢ sl u
UM 3.17 anUrdwmaduaimedildeu
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3.5.2 doudnuendusy
AufaugniunuTuAsduARe I Ina BTN Ud LB sasAnsagelmamesiu
wriudauaniiterminfiudsUssanvestusuiivssiananinld faguit 3.18 Tnoseazidue
ypauepilinamaiavesuglumde 3.5.3

= 1 o _
5U# 3.18 N13RBNLUUAIUARLENTUITY

3.5.3 wawasiiwesla [11]

iwasliuewnas (Servo Motor) tHuneinesiiussnaulumeyniiss (Gear)
newneinszuARs (DC motor) uazdrunuaudidnnieiing fiagsauangluiwewmes wena
5Ui 3.20 weslwawmesamihenlitsdyyaiadiiimumuniivegsawie 1 fadiuni
81 2 §adTunil (Wadurnvdeasin Viesdeadianaivineiuluszeziian 20 Tadiurd
(adauviaasin 0) wansialuguil 3.21 nrdsdyqratadfinaniinalivenes vy lag
frvneniavyuiuastuegiueunieveiaduan ehugﬂ‘i'wwaqmﬂwama%ﬁgu%uam
Tuguit 3.19



Servo
Case Top

Servo Horn
Qutput Gear r
Intermediate Servo Screw
Gears .
Qutput
Bushing

:‘ 1 &
UM 3.20 dhudsznaudngnelueesluemas

33
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< 1.0ms-2.0 ms
vdd (5 V)
Vss (0 V)
leg—— Period 20 msg| —P
1.0 ms w%a < 1.5 ms
vdd (5 V)
Vss (0 V)
|€7 Period 20 ms ——9{
1 2.0 ms w3a > 1.5 ms
vdd (5 V)
Vss (0 V)

H— Period 20 ms —BI

JUN 3.21 dyanaiadlunismunugeilwenas

3.5.3.1 NMIVINUYDYRsLILBLADS
MynyureeslinemessrgnauALMmeRaduioasin 1 (5v) 1y
sreznadiimuauazmiisnaviedasdn 0 Wuszezanasi 20 fadiunt aduiuly
dwaliansamuaunismyuvesseslueweslilaefianemsumudufdiweshuanes
sgmulunaen wie muduuin Wewaduandauntis 1 5837 (1ms) wasiaday
20 fediundt uansfagui 3.22
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Fulse Width: 2.0ms

F
» el " )
P max ] Servo at +30°

U 3.22 weslwawmeiyulumean

waslwamesazryulunedemuinuing) Wewaduinianiy
N9 2 Tad w9 uagiadau 20 Jadiund wanadagui 3.23

L ]
P min
S

JUN 3.23 weshiawmesvsuluniede

woshinawmaiazatnaly (eavyu) Wenaduiniinuning 1.5
fadunviuayiaday 20 Tad3ui uanadagunl 3.24 mnweslneweslivenvyu zfes
Ysumausiumuvesweshawaslvil laeidesuivarveylndfivanslvveareslweines)

F | ]

el =

F neutral [

Servo at 0°

. Pulse \Width: 1.5ms

JUN 3.24 woslweweseginan
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3.5.3.2 anusalunsuyuvausesiwenes

anuidlunmamureageslwawasariuegiudyguiadiia
dravandiilanusgegnvasniamyumuduundniiewadaiutasuanuinndt 15
2 faduil weslwaweiazmumuiinuin Tneausinsiutudionunauaniiuiy
wazazvyuliiSgegaierdisuanidnvinfu 2 fadundt audgaavesnsuguaundy
uiin iilaWadarutinuandiug 1 uazdesndt 1.5 faddunit weslweineazmuandy
uwmileganudnsiviuionunaiuinanasmin 1.5 fadiuni wazaywyuliiiiaeden

P i a i 1 a aa =
BATUYNUINUAUYINY 1 UAaIUIN

=
3.5.3.3 Wwaslanawmasiaanly
wadlwamasiaaniiuildaufnnefidiusawenduanudulaiden
5 I o J
wosliwainad gu GWS SO3N Standard Servo MuAIILLE211 Speed @ 4.8V: 0.23 sec/60°

4:!' = 1 s ¢I a
wag Stall torque @ 4.8V: 3.4 kg-cm Fuieenasianisldrulunsmyuietndnuen

Dimensions
Size: 395x200x39.6 mm
Weight: 41g

General specifications

Digital?: N

Speed @ 6V: 0 18 sec/60°
Stall torque @ 6V: 4.0kgcm
Speed @ 4.8V: 0.23 sec/60°
Stall torque @ 4.8V: 34kgcm
Lead length: 270 mm

Hardware included?: Y

L3

g‘dﬁ 3.25 Wwadlwewaifidanld (GWS SO3N Standard Servo) : www.pololu.com

| s 'Y a
3.6 lUsunsulunisuszunudtiunvesduaulasldimatialszutananin

H11AINNEDY

1
Yo X 4
UWRAIUITUNT

Vuwal (WEBCAM) unvinnisuszuianalaenisussunananinlagdanasi
ansausniludiuddnde
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3.6.1 danasfiulumsuenivestiuny

dmdudanaifuiesimihiilunsuenituiiduesduusenanarswiunia
Lendiidiafuvesiatuaru Taesanesiiulunisussuranasslddanaifunuuiaiy
(K-Means clustering) %4Lﬂué’aﬂa%ﬁuﬁiﬁﬁuas}wuw%wa1U'Luﬂ'1ﬁmeﬁudoﬂeju%’a:ga
(Clustering Analysis) Inednwaisdunsunisiuwesiusunsuiilalussuuyssunanann
wewenluiufuidouns amnsouandldfguit 3.26 Tnaduanduneuit 1 msthenmiuau
fandeaiuuau (WEBCAM) 9nifunmilldazgninlutssnananieludanediin Suatnnis
LLﬂaanﬁwﬁlﬁﬁumnixuuﬁ RGB (usyuuduuu L*a*b Color iitearudnelunisusnives
A iy K-Means Clustering titeusndvesniniiudadrunuitsddulssmananni

e
Laan
( Start )

4

Capture the image

Y

Convert Image from RGB Color Space
to L*a*b* Color Space

h 4

Classify the Color in “L*a*b*” Space
Using K-Means Clustering

h 4

Label Every Pixel in the Image Using
the Results from K-MEANS

A 4

Create Images that Segment the
Image by Color

A

=

4 ﬂlj o ar = ‘:’
3UR 3.26 Tumpun1svinuvessanairinlunisuondvestuliu

dusudiegweimanisvaaausanaIiulaeldnmatetuuaiuisonanala
Q) IJ =5
PHFUN 3.27 D9 3.29
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unvasduaulasly

ld' o ot a of Qy £ A o I ﬂ"’ d.dl : dl o
nuilaanganasiulunisuenduea@uaiuunld e AU R ATRUNZININTUIIUNUIUN

yagdauilaaidnasiimImuunnvesydesdunsniudnaiy

Funeumsinnuressanesiinlunsmdfiuiivestusnilnednvaziunou
msvharasdanesuiuazansouandldRagu 3.30 Tnemsviuiduarnthaildan
Sanesfiulunisuenduasiusuunuladissuudlinarediu Grayscale 11ntulddnda
Thresholding titauuasAnmlvinaaduguesdoyainea (Pixel) fasssiudunausoly

= o/ o =) ' o o o = 1 dly =
ﬂ€]ﬂ'ﬁu‘l.!f\]'1U'ﬁLlWﬂL‘diﬁ‘?.la\'1aﬂLULLF]aBﬂ']WLWE)ﬂ'Iﬂ']'iﬂ’]u‘lthUﬂ’]WU‘W

=

A 4

Read the image

A

Convert RGB image to grayscale

X

Y

Thresholding

A

y

Measure Area of object

A 4

Calculate % Area

END

| 5 o @ o 8 1 :g" = Qv
E‘U‘Iﬁ 3.30 ‘uumaum‘ammmadaanawﬂunﬁmmwumawu\ﬂu

] @ ow i

dududiadereananisnadaudanasnuldnwuarwieinuinian

'

9

wanslidagul 331 fegui 332

Y

i 1
=1

Aunaiunsn
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2

A15199 4.1 HANISNAADUMIAIANLRANAIATBIATAUTIAENISUSEUIANANINANNLTR 8
sUnsedmdey

Fuay adsit 1 2 3 q 5 Aadn
AAle (95.23.) 1.025 1.026 1.026 1.022 1.025 1.025

1 A5, : =
ANAITLENNANR (%) 3.033 3.103 3.103 2.745 2.963 2.990
Anilel (w5900 1.985 1.987 1.987 1,983 1.980 1.984

2 M5.%04. - =
ANAITUNAWAR (%) -0.149 -0.079 -0.083 -0.275 -0.433 -0.204
AP (5.8 3.040 3,039 3.035 3,037 3.036 3.037

3 5.9, : =
ATANUENAWAR (%) INTA 1.725 1.594 1.684 1.638 1.684
AT (3.501.) 4.030 4.034 4.035 4.037 4.030 4.033

4 P79, ; =
ANAMUHNANAR (%) 0.953 1.049 1.066 1.117 0.957 1.028
Al (5.l 59380 5181~ | | 5140 |~51d0 | B1a2 | 5139

5 A58, : P
ANAINUEANER (%) 2.796 2.652 2.902 2.825 2.866 2.808
A ilet (ms.aa1) 5.1 VN 6.01D AT P T 5.1% 5115

6 M%7, , -
ANATIUERNEIN (%) 2.075 1.945 2.053 2.003 2.073 2.030
Adile (ms.e001.) 7.068 7.069 7.069 7.068 7.070 7.069

7 935204, : =
ANAITUNAWATR (%) 1.036 1.056 1.056 1.036 1.068 1.051
ATl (m19.q021.) 8.014 8.021 8025 | 8024 8024 | 8022

8 915.94. ' =
AIAIURANATR (%) 0.326 0.413 0.465 0.448 0.456 0.421
il (95.931) 8.969 8.972 8.974 8.967 8.967 8.969

9 M3 ; =
ANAUEANAIRA (%) -0.236 -0.198 -0.182 -0.259 -0.260 -0.227
ATile (5402 10,122 | 10421 | 10417 | 101i7 | 10121 | 10120

10 f19.29. , =
ANPIURANAIR (%) 1.469 1.460 1.420 1.417 1.462 1.445
AP (5.0 20,197 | 20.197 | 20200 | 20.191 | 20.195 | 20.196

20 N5.94. . -
AAUNAWER (%) 1.094 1.095 1.108 1.063 1.084 1.089
Al (w3931 30.031 | 30.033 | 30.028 | 30.028 | 30.017 | 30.028

30 99.99. : -
ANAIUEANER (%) 0.123 0.130 0.111 0.114 0.076 0.111




o i a & A |
A1919% 4.1 F-Jaﬂ’liWﬂaaU‘HWﬂﬂﬂ’ﬂﬂJNﬂwmﬂ‘uENﬂﬁﬁuwiﬂﬁzﬂ’liﬂiﬁu’lawaﬂ’]Wﬂﬂ

i o i
sUnsedmanu (ma)

a5

v

<
WUnmg

Fua s 1 ) 3 a4 5 ALady
ATleY (m3.4001.) 40.089 | 40.088 | 40.087 | 40.096 | 40.087 | 40.090
40 @9.94.
ARURANAIR (95) 0.269 0.265 0.263 0.284 0.263 0.269
Al (w152 49672 | 49.671 | 49671 | 49.665 | 49.680 | 49.672
50 @19.q4.
ANAURANATR (96) -0.632 -0.634 -0.634 -0.647 -0.617 -0.633
ATl (m5.2.) 58759 | 58.760 | 58.781 | 58.775 | 58.786 | 58.772
60 n3.71.
A1RURANATR (%) | -2.061 -2.060 2024 | -2.035 2017 | -2.039
ATl (m5.30.) 69.376 | 69.378 | 69.383 | 69.395 | 69.367 | 69.380
70 019.903.
ANANUARNATR (96) -0.878 -0.876 -0.869 -0.852 -0.891 -0.873
Al (s.200.) 78.647 | 78.656 | 78648 | 78.644 | 78654 | 78.650
80 m3.%. )
AAuAANaR (%) | -1.671 -1.659 -1.670 | -1.675 | -1.663 | -1.668
ATILeY (m5.4101.) 89.355 | 89.352 | 89.357 | 89.354 | 89.348 | 89.353
90 m5.594.
ANATURANATR (%) -0.700 -0.703 -0.698 -0.701 -0.708 -0.702
Al (5. 900.) 96.520 | 96,515 | 96.517 | 96.503 | 96.512 | 96.513
100 m5.44.
ArRLRawaIR (%) | -3.472 | -3.477 3475 | -3.490 | -3.480 | -3.479
4
3
2
£
e 1
&
Z 0
1=
&
€
G i
-2
-3
-4

d 1 =) 1
FUN 4.5 mMAURANAIATBIN1TUTEINANANINAT

FU4U (A5.901.)
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WUNIUNTA
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4.4.1.2 manageuMmIAIAIRANaIAYEIMTIAUATAEMTUsEIANA
amArNuiidIegUnTIIsnau
nsvageuiasihiiunuzunsanaiifiunesaquiuteyauiiom

Atuiinasiun wiunmitaylinaaoutadimisiewaatiy aunsouandldfsuil 4.6

2
at

<l 1 a
5U% 4.6 MeUeliunuUvTIsnau

nTunusUnssnandsdiuiveusinnisin udhdailudly
ssuunsUssnatiiuiivestueulaalfinaiauszarananmdssieiuiiildanns
Ussnananmiiisufusiiufissaesgiuagmarafianaalasniafuadfsmaesanis
agouAalud

o
=1

AN5197 4.2 WAN1SVIAABUVIAIATINRANAIATIATNLTIlAYNT1SUSTHIaNaN WA LA I8
JUnsnay

g P | ' d
HUIU ASIN 1 2 3 4 5 ALDEE

Al (my.23.) 0.981 0.987 0.983 0.980 0.985 0.983

1 w321 . =
ARTuRANaR (%) | -1.539 -0.918 -1.276 -1.617 -1.067 -1.283

Adiler (m9.201) 1.945 1,943 1.941 1.943 1946 | 1.944
R , "
AMANEANATR (%6) | -2.465 -2.570 -2.640 -2.570 -2.430 -2.535
F’hﬁlﬁ (m5.271.) 2.947 2.949 2.943 2.942 2.943 2.945
3 ng.a.

ANALRANATR (%) -1.515 -1.469 -1.655 -1.676 -1.655 -1.594




A15197 4.2 HANISYAARUMIAIANURANAIAYEIATNUALAEATISUSEUIaNANTNAT

SUNSINNAU (D)

a7

9

Auiane

Fa e 1 2 3 q 5 Aade
Adilet (ns.2.) 3.993 3,986 3.993 3,988 3.988 3.990
4 7.9
ANAIUEANATR (%) | 0.044 -0.151 0.026 -0.079 -0.079 -0.048
fdilet (m5.2.) 4.958 4.959 4.960 4.961 4.958 4.959
5 f3.994.
ArAURaNaR (%) | -0.642 -0.628 -0.614 -0.600 -0.640 -0.625
ATl (A5.5001) 6.004 6.015 6.001 6.008 5.998 6.005
6 N7.94.
ANAIURANETR (%) | 0.242 0.417 0.192 0.310 0.146 0.261
ATl (9152031 6.887 6.885 £.895 6.889 6.889 6.889
T 95994,
ANAINRANAR (%) | -1.460 -1.481 -1.339 -1.429 -1.433 -1.428
ATl (m3.qa1.) 7.814 7.806 7.803 7.813 7.804 7.808
8 M9.9.
AIMURaNAIR (%) | -2.171 -2.269 -2.315 -2.189 -2.294 -2.247
ATILe (95.2081.) 8.870 8.865 8.873 8.867 8.865 8.868
9 A9.94.
FAAIUEANEIRN (%) | -1.302 1,356 -1.262 -1.334 -1.357 -1.322
Adiler (m3.a1.) 10.040 10.044 10.043 10.044 | 10.048 10.044
10 p9.94.
AAIUEANaIR (%6) 0.537 0.578 0.565 0.572 0.619 0.574
ATl (95.23.) 19.847 19.849 19.806 19.848 | 19.852 19.848
20 M3.94.
AANURANETIN (%) | -0.667 -0.660 -0.671 -0.664 -0.643 -0.661
ATl (m.5831.) 30.009 30.005 30,007 | 29.999 30.003 | 30.005
30 f17.9.
ANAUAANATA (%) | 0.109 0.097 0.101 0.076 0.090 0.094
Al (m5.28.) 39.955 39.951 39.970 | 39.957 39950 | 39.957
40 #3.94.
ANAUEANEN (%) | -0.044 -0.054 -0.007 -0.040 -0.056 -0.040
Ailel (5.2 49.888 | 49.902 49889 | 49.897 | 49.894 | 49.894
50 71594,
AAINNRANER (%) | -0.164 -0.136 -0.161 -0.144 -0.151 -0.151
Al (93.51.) 590562 | 59565 | 59.567 | 59.567 | 59.566 | 59.566
60 99.%93.
AATIRANAN (%) | -0.673 -0.670 -0.665 -0.665 -0.668 -0.668
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& v

o ' a v 4 A ' -
137199 4.2 Han1sVAFaunIAIAURANaIAYEYATNUTIAENISUSZIARNAN WA UTIA Y
sUnT99nau (da)

Fuau At 1 7 3 q 5 Aady
ﬂ"l‘mﬁlf (9.911.) 69.335 69.342 69.338 69.331 69.341 69.337
70 w15.94
ARIURaNaR (%) | -0.899 -0.888 -0.894 -0.904 -0.890 -0.895
ﬂ'W‘mﬁ (m9.294.) 78.915 78913 78.908 78.908 78.908 78.910
80 M3.94.
AMATURANAR (96) -1.309 -1.311 -1.317 -1.318 -1.317 -1.314
Ff’t‘??lﬁ (n3.911.) 87.800 87.796 87.789 87.796 87.800 87.796
90 AU,
ARURANaR (%) | -2.399 -2.403 -2.411 -2.403 -2.399 -2.403
Fhm@f (m3.953.) 96.652 96.656 96.645 96.640 96.636 96.646
100 m5.94.
ANAUARNAR (%) -3.305 -3.302 -3.312 -3.318 -3.321 -3.312
1
0.5
0
-0.5

(%0)

-1

ATATURAINAR
)
(9,1

FUU (AT)
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! = 1 g dI
4.4.1.3 MsnadaumaAIANURaNaIavaInIIIATRUnlaenTsUTEuIaNa
& d
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nsvagavdazdifuaugunssanumasuidaunasisquuniudeyaliie
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ANNUNY

%waagﬂuasmﬁhmmﬁmwaﬂmImanmﬁUaﬁﬁé‘ammwanﬁwmaauﬁ aluil

4 o a o a o o 1 A day v = @
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A157197 4.3 HaNISNAFBUNIAIAIURANAIATaIATNUNLABNITUIZLIaNaN WA UTIAE

sUnTIEIvaLY
Fusy A 1 2 3 a4 5 ALads
AIle (A5.70.) 0987 0990 |0.992 10987 |0993 |0.990
1 m3.9u. : =
AAuEawam (%) | -0.813 | -0.603 |-0324 |-0892 |-0262 |-0.579
ALY (M5.2131) 2021 [2010 |201t |2018 |2025 |2017
2 M7, f 2 7
AMATHEANER (96) 1.482 0.922 0.996 1.346 1.665 1.282
ATle (ms.q0) 3,037 | 3.033 |3036 |3033 |3035 |3.035
3 me.au. : =
ARILEANER (96) 1.664 | 1544 | 1640 | 1550 | 1597 | 1.599
AiIle (5.4 4.026 | 4021 |4.023 |4026 |4019 |4.023
4 f17.9. : =
AmuAawan (%) | 0.822 | 0706 | 0745 |0833 | 0651 |0.751
AnTiler (a5.e030.) 5043 | 5036 |5037 |5039 |504a |5040
5 nygy. ; %
ATATIUEANATR (%) 1.021 0.883 0.895 0.939 1.049 0.957




A15199 4.3 WANISNARBUMIAIAILRANAIAVBIATNUALAEN1SUTEINANAN TNAT

JUNTIA VR (5i0)

50

NuFe

Fuau AYadi 1 2 3 il 5 Anady
Ale (M35, 5.993 5.992 5.998 5.989 6.001 5.995

6 5.9,
AATURANEIR (%) 0.022 0.007 0.112 -0.037 0.149 0.051
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T 9394,
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8 M7.9.
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9 §5.94.
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10 5.9
APILEANENR (96) 1.367 1.368 1.347 1.381 1.415 1.376
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AT (ms.m) 239740 | 29.753 | 39.757 | 39.759 | 39.757 | 39.753

a0 »9.94.
AAUEANAR (%) 0591 | 0559 | -0548 | -0544 | -0550 | -0.558
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AANUEANEIR (%) 41,791 AT LML -1.779 | -1.786 | -1.784
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AAUEANETR (%) 2862 | 2853 | -2.839 | -2842 | -2835 | -2.846
il (ms.a1) 67.894 | 67.878 | 67.898 | 67.896 | 67.897 | 67.893

70 M7.909.
AIRIUNAWAIR (%) 2968 | -2991 | 2962 | 2965 | 2963 | -2.970
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aredueu (A)

Aail Wil sUTEIIANANT (A5.931) AAUEANAR (%)

Neuun du1a Auns Tanua du10 Auns
1 102.501 50.320 52.180 2.501 0.641 4.360
2 102.586 50.322 52.264 2.586 0.644 4.529
3 102.746 50.304 52.442 2.746 0.608 4.885
q 102.831 50.307 52525 2.831 0.615 5.047
5 102.639 50.322 52.317 2.639 0.644 4.634
6 102.715 50.308 52.408 2.715 0.616 4.815
A 102.81 50.291 52.519 2.81 0.581 5.039
8 102.678 50.32 52.358 2.678 0.64 4.716
9 102.687 50.312 52.375 2.687 0.624 4.75
10 102.778 50.306 52.473 2778 0.611 4.945
11 102.713 50.298 52.416 2.713 0.596 4.831
12 102.608 5033 52.278 2.608 0.66 4.555
13 102.684 50.315 52.369 2.684 0.63 4.738
14 102.798 50.313 52.485 2.798 0.626 4.971
15 102.793 50.305 52.489 2.793 0.609 4.978
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By Nufinnmaszanananin (as.su.) ARNEANANA (%)

ASIN - or

PIAUA LAl GBI VUL a2 Aung
16 102.746 50.293 52.453 2.746 0.585 4.907
17 102.749 50.31 52.439 2.749 0.62 4.878
18 102.618 50.318 523 2.618 0.635 a.6
19 102.742 50.303 52.439 2.742 0.606 4.878
20 102.631 50301 52.32 2.631 0.622 4.639
AaapRu (m5.901.) AaRgALRaNaIn (%)

1

e 102.7027 50.3104 52.39235 2.70265 0.62065 4.78475

A15197 4.7 NANISNAFBUINDUIAIAITLRANAIAYDIAAURLABAISUSEUIANANTNAHUT

MeTUIY (B)

b HufnnsussaananIn (5.9, ArANUEANaA (%)

T N dv12 dunq Wansn dum dung
1 99.958 41.797 58.16 -0.042 4.493 -3.066
2 100.189 41.788 58.402 0.189 4.469 -2.664
g 99.858 a1.767 58.091 -0.142 4.417 -3.181
4 100.21 41.781 58.429 0.21 4.453 -2.618
5 100.077 41.798 58.28 0.077 4.494 -2.867
6 100.128 41.79 58.339 0.128 4.474 -2.769
e 99.999 41.745 58.254 -0.001 4.363 -291
8 99.973 41.769 58.204 -0.027 4.422 52:993
9 100.12 41.78 58.34 0.12 4.449 -2.766
10 99.971 41.761 58.21 -0.029 4.403 -2.984
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ATIN = .
Y19UUA du19 dung Y99UA g Aung
11 100.075 41.799 58.276 0.075 4.498 -2.874
12 100.022 41.818 58.204 0.022 4.544 -2.993
13 99,938 41.755 58.184 -0.062 4.386 -3.027
1a 100.007 41.739 58.268 0.007 4,347 -2.886
15 100.02 41.735 58.285 0.02 4,339 -2.859
16 100.029 41,757 58.272 0.029 4.392 -2.88
17 99.997 41,776 58.221 -0.003 4.441 -2.965
18 99.835 a41.779 58.057 -0,165 4.447 -3.239
19 99.826 41.784 58.041 -0.174 4.461 -3.264
20 100.17 41.775 58.395 0.17 4.438 -2.675
' o X d i | .
ANAALWUN (AF.931.) ARREANURANANA (%)
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100.0201 41.77465 58.2456 0.0201 4.4365 2.924
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g 4 | WumRINATUsEURaKANIN (R5.93.) AANUNANETR (%)
ATIN Z 5 =
N du17 Huns VT d917 dung
1 99.958 41.797 58.16 -0.042 4.493 -3.066
2 100.189 41.788 58.402 0.189 4.469 -2.664
3 99.858 41.767 58.091 -0.142 4.417 -3.181
4 100.21 a1.781 58.429 0.21 4.453 -2.618
5 99.54 49.911 49.63 -0.46 3.98 -4.558
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# NuftanmsUszanananTW (5.93.) ANANURANAIN (%)

o Havun d12 G Taun du17 GN
5 99.54 49,911 49.63 -0.46 398 -4.558
6 99.586 49.884 49.702 -0.414 3.926 -4.42
7 96.072 51.08 44,992 -3.928 6.416 -13.477
8 99.745 49,91 49,835 -0.255 3.979 -4,163
9 96.132 51.141 44.992 -3.868 6.543 -13.477
10 99.689 49.931 49.757 -0.311 4.024 -4.313
11 96.062 51.108 44,953 -3.938 6.476 -13,551
12 99.64 49.936 49.704 -0.36 4,032 -4.415
13 95.89 Hilel N1 44.779 -4.11 6.481 -13.886
14 95.878 51.074 44.804 -4.122 6.403 -13.838
15 99.726 749.866 49.86 -0.274 3.887 -4.116
16 99.639 49.875 49.764 -0.361 3.906 -4.301
17 99.689 49,938 49.751 -0.311 4.038 -4.326
18 99.518 49.875 49.643 -0.482 3.906 -4.533
19 99.6 49.91 49.69 -0.4 3.98 -4.443
20 99.522 49.883 49.63§ -0.478 3.922 -4.54

Aaagiui (a5 AadeanuRanan (%)
T 98.73715 50.2043 48.53285 1.26285 4.59205 6.6676
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A Auiliamun(ns. o) Auiiduns(ns.au.) AuilAr(ns.20)
n 109.7991 55.6920 54.1072
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A 109.8909 55.7190 54.1719
4 110.2957 56.0040 54.2917
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U NV avia(as.wa.) AuTELA(0.51.) Nuildun(as..)
fl 106.4251 63.3908 43.0342
k! 107.1553 64.0727 43.0825
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4 107.1104 64.1651 42.9453
daurdsauu
0.290564 0.297833 0.053026
NINTFIU




65

3) MsvedeuNIYUILOUluLNAeaegu (O)

(n) ()
(m) (4)

< & i v o
Ul 4.27 manegaunsvyuduulugusiiegmetunu

d 1 1 ] i H Aﬂlny H 1} a
A13199 4.11 Han1Ivedo UM AU lg B UBLIATFIUYBIAIRUNTUULLAEN1TI197A 19
MU (O

su Auiivisnua(As.au.) Auiduna(s.u.) Nudra(as. )
n 163.6196 51.3558 52.2638
k! 104.1555 51.8167 52.3387
A 102.0827 50.3163 51.7664
A 100.6822 49.8081 50.8741
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IC CDA050

‘E‘ TEXAS

INSTRUMENTS
Data sheal acquired from Hams Semiconductor
SCHSD4ED

CMOS Hex Buffer/Converters

The CD4049UB and CD4050B devices are inverting and
non-inverting hex buffers, respeclively, and feature logic-
level conversion using only ane supply voltage (Vcc). The
input-signal high level (Vi) can exceed the V¢ supply
voltage when these devices are used for logic-level
conversions. These devices are intended for use as CMOS
to DTUTTL converters and can drive directly two DTL/TTL
loads. (Vee = 5V, Vo]_ " 0.4V, and gL = 3.3mA.))

The CD4049UB and CD4050B are designated as
replacements for CD4009UB and CD4010B, respectively.
Because the CD4049UB and CD4050B require only one
power supply, they are preferred over the CD4009UB and
CD4010B and should be used in place of the CD4009UB
and CD4010B in all inverter, current driver, or logic-level
conversion applications. In these applications the
CD4049UB and CD40508B are pin compatible with the
CD4009UB and CD4010B respectively, and can be
substituted for these devices in existing as well as in new
designs. Terminal No. 16 is not connected internally on the
CD4049UB or CD40508, therefore, connection to this
terminal is of no consequence to circuit operation. For
applications not requiring high sink-current or voltage
conversion, the CD4069UB Hex Inverter is recommended.

Features

CD4049UB Inverting

CD4050B Non-Inverting

High Sink Current for Driving 2 TTL Loads
High-To-Low Level Logic Conversion

100% Tested for Quiescent Current at 20V

Maximum Input Current of 1<A at 18V Over Full Package
Terperature Range; 100nA at 18V and 25°C

= 5V, 10V and 16V Parametric Ratings

Pinouts

CD4045UB (PDIP, CERDIP, SOIC, SOP, TSSOP)
TOP VIEW

vee [1]
G=4[Z]
A[]
H=8 [4]
5 [
1=¢ [€]
NG
VssE

CD4049UB, CD40508B

August 1998 - Revised February 2003

Applications

+ CMOS to DTL/TTL Hex Converter
« CMOS Current “Sink" or “Saurce” Driver
« CMOS High-To-Low Logic Level Converter

Ordering Information

TEMP.

PART NUMBER RANGE (°C) | PACKAGE |
CD4049UBF3A 5510 126 | 16 Ld CERDIP |
CD4050BF3A | 5510125 |16LdCERDIP ‘

e — 1
CD4049UED 5510125 |16 Ld SOIC
CD4048UBDR 5510125 |16 Ld SOIC \
CD4049UBDW 5510125 |16 Ld SOIC
CD4049UBDWR | -5510125 |16Ld SOIC
CD4049UBE 5510125 |16 L PDIP
|CD4049UBNSR | 5510125 |16LdSOP :
CD4029UBPW 5510125 |16LdTSSOP |
COAO49UBPWR | 5510125 |16 Ld TSSOP |
0405080 5510125 |6LlesOiC |
CD4050BDR S510125 |BLESOIC |

—
CD4050BDW jiéﬂu’ié; 16 L SOIC

CD4050BDWR \ 5510125 |16 Ld SOIC
CD40S0BE | -5510125 |16Ld PDIP
CDA050NSR i 5510126 |16 Ld SOP
CDA0S0BPW | -5510125 |16 Ld TSSOP
CD40S0BPWR 4\ 5610125 |16Ld TSSOP

NOTE: When ordenng, use the entre part number The
suffix R denotes lape and rael

CD4050B (PDIP, CERDIP, SOIC, SOP)
TOP VIEW

T T CAUTION These devi

o5 are sensilive 1o electrostatic discharge: lollow proper IC Handing Procedures

Copyright @ 2003, Texas Instruments Incorperated

g5
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CD4048UB, CD40508B

Functional Block Diagrams
CD4049UB CD4050B

Vee Vee
8
Vss Vss
NC =13 NC =13
NC =16 NC =16

FIGURE 1A. SCHEMATIC DIAGRAM OF CD4049UB, 1 OF 6 FIGURE 1B. SCHEMATIC DIAGRAM OF CD4050B, 1 OF 6
IDENTICAL UNITS IDENTICAL UNITS

3ol
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CD4049UB, CD4050B

Absolute Maximum Ratings Thermal Information
Supply Voltage (V10 V) e smevwmmmsnsine viaass » -0.5V 1o 20V Package Thermal Impedance, 0 (see Note1):
DC Inpul Currenl, Any One npul. ..o ovv oo oo 10mA E.PAckage., i daiaihins sei il Sabie i o B0, 55 67°C/W
DiPackage:: oo coBamN s S5k S BEE RS T 55 739CW
Operating Conditions DWPackage: o i < SRS s BEaAn Dus SRR b S?SEM
NS Package:: s« suumei v awim ddesaws aaes vea da 64YC/W
Temperalure Ranga. . ... -55°C to 125°C PW Packa%e ................................. 108°C/wW
Maximum Junction Temperature (Plastic Package). .. ..... . 150"
Maximum Storage Temperature Range .. .. . 65°C to 160°
Maximum Lead Temperature (Soldering 10s) . . L 265°

SOIC - Lead Tips Only)

GAUTION: Stresses above those listed i "Absolute Maximum Ratngs” may cause permanen!t damage to the device. This Is a stress only rabng and operation of the
device at these or any other conditions above thase indicaled in the operational sections of tus specification 1s not impled

NOTE:
1. The package thermal impedance is calculated in accordance with JESD 51-7,

DC Electrical Specifications

LIMITS AT INDICATED TEMPERATURE (°C)
TEST CONDITIONS 25

PARAMETER ? :\3 ‘(’\fr? Vee(v)| -55 | 40 85 | 125 | MIN | TYP ; MAX  UNITS
Quiescent Device Current ' - 05 1 1 1 30 30 - 0.02 1 aA
‘oo (Magh 0.10 10 | 2 [T2 e | eo - VW02 | 2 A
D' @ OV nEY. & "B e Tooz | 4
2 0.20 20 20 | 20 600 | 600 - | oos | 20 A
Output Low (Sink) Current ( 04 0,5 4.5 33 31 241 1.8 26 52 - mA
loL (Min) | 04 05 5 4 38 29 24 3.2 6.4 - mA
[ 05 0,10 10 10 | 98 66 | 56 8 16 : mA
15 0.15 15 e [ o 18 | 24 | 48 ) mA
Output High (Source) Current 1 4.6 05 5 -0.81 -0.73 -058 | -048 | -065 -1.2 | - mA
o (Min) | 25 05 5 9 ) 24 Uhlo Jlais | 2802 dof| - mA
( o5 | 010 10 | 20| 18 435|118 | -165| a0 | mA
; 135 | 015 15 g2 | 48" 88|31 | 43 |/ab | mA
Out Voltage Low Level RS 0.5 5 005 | 005 005 | 005 | - 0o | 005 v
Vo (MY 0.10 10 | 005 | 005 o005 | 005 | - 0 | 005 v
015 5 D05 | 005 005 | 0.05 P o | oos v
Output Voltage High Level \ 05 5 405 | 495 495 | 495 | 495 | 5 : v
VoH (Min) 010 10 995 | 995 ©85 | 995 | 9es | 10 - v
g 015 15 | 14.95 | 1495 1495 | 1495 | 1495 | 15 | v

Input Low Voltage, Vi, (Max) 37 &I dIL N 1 1 217 1 | - 777-7%.7 1 v
e 9 - 10 2 2 2 2 - - | 2 v
13.5 : 15 25 | 25 25 | 25 . - 25 v
Input Low Valtage, Vi (Max) 05 . 5 1.5 | 1.5 15 | 15 . - | 18 v
CEN0S08 1 - 10 3 3 3 3 N - | 3 v
.15 - 15 4 4 4 4 2 - ! 4 v
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DC Electrical Specifications

(Continued)

- - | LIMITS AT INDICATED TEMPERATURE (°C) |
TEST CONDITIONS 25
Vo ViN
PARAMETER V) ) Vee (V) | =55 -40 85 125 MIN | TYP | MAX | UNITS
Igg:lo :!égJBVollage. Vi Min 0.5 l 5 4 4 4 4 4 | v
1 | 10 8 8 8 a 8 | Y
1.5 ‘ 15 12.5 125 -125 125. 12.5 ‘ v
Input High Voltage, Vi Min 45 5 | 35 | 35 | 35 | 35 | 35 | - - v
EAGE 9 - 10 7 T ' 7 7 7 - i vV
135 16 1 " " " 1 ] = - v
Input Current, |y Max - 0.18 18 | 01 | =01 | #1 £1 - 2108 | =01 A
AC Electrical Specifications T, = 25°C. Inputt,, t; = 20ns, G = 50pF, R, = 200k |
TEST CONDITIONS LIMITS (ALL PACKAGES)
PARAMETER Vin Vece TYP MAX UNITS
Propagation Delay Time P 5 60 120 ns
é%‘:éi;&%"‘ tPLH 10 10 32 85 ns
10 5 45 90 ns
15 16 25 50 ns
. 15 E, 45 90 ns
Propagalion Delay Time | 5 5 70 140 ns
oF g e 10 10 40 80 ns
10 5 45 90 ns
15 15 30 60 ns
e YEFIFR % 80 ns
Propagalion Delay Time ‘ 5 5 32 65 ns
EEZOIEQLJ’; tPHL 10 10 20 40 ns
10 5 15 30 ns
15 15 15 30 ns
15 2 10 20 ns
Propagation Delay Time 5 5 55 110 ns
" T 10 w? | P ff = ns
10 5 50 100 ns
15 15 15 30 ns
15 5 50 100 ns
Transition Time, Low to High, tti H 5 5 | 80 160 ns
10 10 40 80 ns
15 15 e 30 60 ns
Transition Time. High to Low. tr 5 5 ' 30 80 ns
10 10 . 20 40 ns
15 16 15 30 ns
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[ pRe e s e
FAIRCHILD

R ST R S
SEMICONDUCTOR®

LM2904,LM358/LM358A,LM258/
LM258A

Dual Operational Amplifier

www.fairchildsemi.com

Features Description
= Internally Frequency Compensated for Unity Gain T'he LM2904,LM358/LM358A. LM258/LM258A consist of
« Large DC Voltage Gain: 100dB two independent, high gain, internally frequency
= Wide Power Supply Range: compensated operational amplifiers which were designed
LM2S8/LM258A, LMISE/LM3ISEA: 3V-32V (or 1.5V specifically to - operate from a single power supply over a
- 16V) wide range of voliage. Operation from splhit power supplies
[ M2904 : 3V-26V (orz1.5V ~ 13V) is also possible and the low power supply current drain is
= Input Common Mode Voltage Range Includes Ground independent of the magnitude of the power supply voltage.
» Large Output Voltage Swing: 0V DC 1o Vee -1.5V DC Application arcas include transducer amplifier. DC gain
» Power Drain Suitable for Battery Operation, blocks and all the conventional OP-AMP c¢ircuits which now
can be easily implemented in single power supply systems.
8-DIP
1
8-SOP
fi-
Internal Block Diagram
| o |
ouT1 1 & WCC
IN1(-) 2 —. —— 74 0UT2
2.3 )
I (g — 2 6 INZ2(-)
GND 4 18 [IN2(+)

Rev. 1.0.3

22010 Fairchid Semiconductor Corporation
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Schematic Diagram

(One section only)

T [ ]
405 |+Qs Q12 e
‘___l g— ‘a1
A
¢ Q20
A
g Y
“_sz Q:’j—q SR1
ING-) . | adt b | ol l
o——— Q1 . ¥
; A
M “R2
i NG +— Q1 .1 ourur
y ﬂ Gt
915
a7 L i l
| Q13 — |
Q8 1 Q9 ' ’113_'_: 016
GNDG I 1 . L 1
Absolute Maximum Ratings
Parameter Symbol | LM258/LM258A LM358/LM358A LM2904 Unit
Supply Voltage l \vcn 116 ar 32 116 or 32 +13 or 26 v
Differential Input Voltage VIDIFF) 32 32 26 v
Input Voltage Vi -0.3 to +32 -0.3 to +32 -0.3 to +26 v
Output Short Circuit to GND | . ) A
VCC=15V, TA = 25°C(One Amp) | Continuous Continuous Continuous
Operating Temperature Range } TOPR -25 ~ +85 0~ +70 -40 ~ +85 °C
Maximun Junction Temperature } TIMAX) | +160 +150 +150 C
| Storage Temperature Range [ TSTG | -65 ~ +150 -65 ~ +150 -65 ~ +150 °C |
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LM2904,LM358/LM358A,LM258/LM258A

Electrical Characteristics
(Vce = 5.0V, VEE = GND, TA = 25°C, unless otherwise specified)

Note:

1. This parameter, although guaranteed, is not 100% tested in production.

LM258 LM358 LM2904 [
Parameter Symbol Conditions ~ -  Unit
Min. | Typ. | Max. |Min. | Typ. | Max. | Min. | Typ. | Max.
VeMm = 0V to Vee
Input Offset -1.8V
Vellags VIO VO(P) = 1.4V, - |29 50 29 (70| - | 29|70 | mv
Rs =0Q
Input Offset N |
Current 1o = - 3 30 5 50 - 5 50 nA
Input Bias
Gurtant IBIAS = - 45 | 1560 45 | 250 - 45 | 250 nA
Input Voltage Ve = 30V | vee MCE _ | Vce
Range VIR) | ( M2904, voc=26V) | © pos g BED * a5 ¥
RL = =, V¢cC = 30V
(LM2904 Veicazey) | (5 | 98120 1)| 08 | 20 [\ 5, | 08 | 20 | mA
Supply Current Teles 2 sl - -
RL = =, VCC =5V - los|12| - |os5|12| - [05 |12 ]| mA
4 Vce = 13V,
\L/i:?: S'g’;‘f{: Gv | Ri-2kQ 50 [100| - |25 f100| - | 25 100 | - |vimv
g Vo) = 1V to 11V
VOH) | Vec=30V | RL = 2kQ| 26 Y/ (el | - b2y (- - Vv
Output Volt {hoe L= ("
S“.p“ 9298 =26V for | 1ora 22 | e/ |7 -2t 28] ) | 24| 24 Vv
§viRg LM2804)
Vo(L) Vee =5V, RL= 10k | - 5 20 - 7} 20 5 20 mV
CRrinoriinde| SRR - 70 | 85 | - | 65 | 80 50 | 80 | - | dB
Rejection Ratio
PoRERSUPRY | seRp . 65 | 100 - | 65 [100 50 | 100 | - | dB
Rejection Flatu:»J
Channel 4 f=1kHz to deHz . o | 27.. T
Separation S (Note1) - [ EBY 120 | o )20 - e
Shart Circuit to
GND Isc - - 40 60 40 | 60 - 40 60 mA
Vi+) =1V,
Vi) = 0V, . )
ISOURCE | y/ox = 15y 20 | 30 20 | 30 20 | 30 mA
| NSRSV NS T .
VI(+)= 0V, Vi) = 1V,
ftpAlt et VGG = 15V, 10 | 15 10|15 - |10|15]| - | ma
Vo(p) = 2V
ISINK  +— -
Vi(+) = 0V, V(- =1V,
vee = 15V, 12 | 100 12 |100 | - - = - uA
Voip) = 200mV
Differential
Inpist Vallage VI(DIFF) - - - |Vce - |Vec| - vece | Vv
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LM2904,LM358/LM358A LM258/LM258A

Electrical Characteristics (continued)

(Vcc= 5.0V, VEE = GND, unless otherwise specified)
The following specification apply over the range of -25°C < Ta < +85°C for the LM258; and the 0°C = TA = +70°C
for the LM358; and the -40°C < TA = +85°C for the LM2904

L LM258  LM358 LM2904 ,
Parameter Symbol Conditions - - Unit
Min.| Typ. | Max. Min.|Typ.|Max. Min.| Typ. Max.
VcMm =0V to [
Input Offset Vece -1.5V [
e VIO | oIl <f- |70 | - | - |90 -] - |100] mV
Rs =00
Input Offset _ | o
Voltage Drift AVIO/AT | Rs =0Q - |70 = [%.0 7.0 1 uVviec
< i
i Ceies) ¥ . ~ 4= T1004 - | - 10| - | 45 |200| nA
Current |
m—) . i — e — 3
Input Offset | o
Current Drift ANQ/AT - - 10 - - 10 - - 10 - | pAI"C
Input Bias P4 ' B
Curibnt IBIAS = - 40 | 300 40 | 500 - 40 [ 500 | nA
Input Voltage vee = 30V 7/ dcas; 4| Vce _ | vce
Range VIR) | (Lm2904 , Vo =26v) | ° X Sy 20 ¢ 20| Y
: Vce =158V, [
\L/zrl?ae S'g’;ﬂ GV | RL=2.0kQ 25| sty - s - | - (vimv
a4 VO(pP) = 1V to 11V ‘ [
VCo=30V |RL=2ka |26 | - | - |26 - [ - f22[ -] - | Vv
(Vcc =
VO(H
ORifut beitage M) Yo6vior  |Ri=toka |27 |28 | - 127 |28 | -(J23|2a| - | v
Swrg LM2904)
Vo() | Vcc =5V, RL=10k22 - 7 20 - 5 20 - 5 20 mV
Vi(+) = 1V,
Vi(-)= 0V, y ) )
ISOURCE Ve = 15V, 10 | 30 10 | 30 10 | 30 mA
Vo(p) = 2V 1
Qutput Current :
Vi+) = 0V,
Vi) = 1V, z ) N
ISINK Ve = 15V, 5 8 - o\ 3 2 5 9 mA
Voip) = 2V |
Differential |
Input Voltage | VNDIFF) : - U CE - |veec| - | - |vec l v




Electrical Characteristics (continued)
(Vce = 5.0V. VEE = GND, TA = 25°C, unless otherwise specified)
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LM2904,LM358/LM358A,LM258/LM258A

LM258A LM358A _
Parameter Symbol Conditions - — Unit
Min. | Typ. Max. Min.| Typ. | Max.
VCM = 0V to Vee -1.5V ‘ ‘
Input Offset Voltage \ile) VO(P) = 1.4V, RS = 002 - 1.0 3.0 - 2.0 3.0 mV
Input Offset Current 1o - - 2 15 - | 5 30 nA
Input Bias Current IBIAS - - 40 80 E 45 100 nA
Input Voltage Range VI(R) | Vcc =30V 0 = \_/1(:? 0 - V1C.g Vv
s _— ' — RL = =.VcC = 30V - 0.8 2.0 0.8 2.0 mA
u urren
eay RL = <, VCG = 5V {05 %2\ - |05 ] 12 | mA
Large Signal Voltage Ve = 158V, RL= 2kQ ) |
iy Gv Vo= 1Vio 11V 50 100 7S : 100 VimV
RL=2kQ | 26 | - HE.\ - v
. VOH Vce = 30V ¢ : —1
Output Voltage Swing | RL=10kQ | 27 | 28 | - 27§ &8 - v
Vo(L) | Vec =5V, RL=10kQ - & 20 | - 5 20 mV
Conjpon-Modg CMRR ) 70 [=854 = ) |es 854 - | B
Rejection Ratio ‘
PRvPr Sppin PSRR - dslliaa0 > \ et 100 | - | o8
Rejection Ratio | |
Channel Separation Cs f=1kHz to 20kHz (Note1) | - e [ - 120 - dB
Short Circuit to GND Isc - 40 60 | - | 40 | 60 mA
Vi(+) = 1V, Vi(-) = 0V . i
ISOURCE | yioc = 15v, vopy=2v | 20 | % 205 30 mA
Vi#) = 1V, Vi) = 0V i { )
Output Current 2 VCC = 16V, VO(P) = 2V 10 b 1] 4 10 | s mA
Vin+ = OV, Vin (-)= 1V L e ]
VO(P) = 200mV 12 100 12/ 400 nA
Differential Input ‘
Voltage VI(DIFF) - | vee | vee v
Note:

1. This parameter, although guaranteed,

is not 100% tested in production.
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LM2904,LM358/LM35BA LM258/LM258A

Electrical Characteristics (continued)

(Vce = 5.0V, VEE = GND, unless otherwise specified)
The following specification apply over the range of -25°C < TA < +85°C for the LM258A; and the 0°C < Ta < +70°C
for the LM358A

LM258A LM358A .
Parameter Symbol Conditions n - Unit
Min. | Typ.| Max. |Min. | Typ.| Max.
Input Offset Voltage VIO xgi\f:;():/ ::?/VF?S ;1(.]SQV ) = | &0 | - - | 50 | mVv
Input Offset Voltage Drift | AVIO/AT S— - |70 15 | - |70 20 |[pvrc
Input Offset Current o - - - 30 - - 75 nA
Input Offset Current Drift AlO/AT - - 10 | 200 - 10 | 300 | pA/°C
Input Bias Current IBIAS - - 40 | 100 - 40 | 200 nA
Input Common-Mode _ Vce Vee
Voltage Range VIR) (o g - | A\, © | -20 ¥
RL = 2kQ) 26 - - 26 - - v
‘ VO(H) VGe = 30V
Output Voltage Swing RL=10kQ | 27 | 28 - 27 | 28 - vV
Vo L) Vcce = 5V, RL=10kQ - 5 20 3 5 20 mv
Large Signal Voltage Gain Gv 38?;:1 ?://.lglﬁl\’/.OKQ Yo . AN | vimv
Vi(+) = 1V, Vi(-) = OV i
ISQURCE || Aca Lk viyfpysizifaiaiitatia™ 110 | 30 mA
OQutput Current a IV, Vit = OV
(+} = ! L VA= g )
ISINK Ve = 15V, VO(P) = 2V 5 9 5 9 mA
Differential Input Voltage VI(DIFF) - - - |V [ - | Vce v
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/& TEXAS
INSTRUMENTS LM340-N, LM78xx

www.ti.com SNOSBTOJ - FEBRUARY 2000-REVISED DECEMBER 2013

LM340-N/LM78XX Series 3-Terminal Positive Regulators

Check for Samples: LM340-N, LM78xx

FEATURES DESCRIPTION
. COmplete Speciﬁcations at 1A Load The LM140/LM340A/LM340-N/LM78XXC monolithic

3-terminal positive voltage regulators employ internal
. o L= @
Output Voltage Tolerances of £2% at T; = 25°C current-limiting, thermal shutdown and safe-area

and 4% Over the Temperature Range compensation, making them essentially indestructible.
(LM340A) If adequate heat sinking is provided, they can deliver
+ Line Regulation of 0.01% of Vgy1/V of AV)y at over 1.0A output current. They are intended as fixed
1A Load (LM340A) voltage regulators in a wide range of applications

. . ° including local (on-card) regulation for elimination of

Load Regulatiopel el of VOUT’A_ (hI43804) noise and distribution problems associated with
* Internal Thermal Overload Protection single-point regulation. In addition to use as fixed
« Internal Short-circuit Current Limit voltage regulators, these devices can be used with

- Output Transistor Safe Area Protection external components to obtain adjustable output

voltages and currents.
« P* Product Enhancement Tested B
Considerable effort was expended to make the entire

series of regulators easy to use and minimize the
number of external components. It is not necessary to
bypass the output, although this does improve
transient response. Input bypassing is needed only if
the regulator is located far from the filter capacitor of
the power supply.

The 5V, 12V, and 15V regulator options are available
in the steel TO-3 power package. The
LM340A/LM340-N/LM78XXC series is available in the
TO-220 plastic power package, and the LM340-N-5.0
is available in the SOT-223 package, as well as the
LM340-5.0 and LM340-12 in the surface-mount
DDPAK/TO-263 package.

Typical Applications

*Reguired if the regulator is located far from the power supply filter.
**Although no oulpul capacitor is needed for stability, it does help —

transient response. (If needed, use 0.1 uF, ceramic disc). Vour = 5V + (8VIR1 + o) R2 5V/R1 > 3 I,
load regulation (L) = [(R1 + R2)/R1] (L, of LM340-5).
Figure 1. Fixed Output Regulator Figure 2. Adjustable Output Regulator

Please be aware that an important notice concerning availability, standard warranly, and use in crilical applications of
Texas Instruments semiconductor products and disclaimers therete appears at the end of this data sheet.
All trademarks are the property of their respective owners.

N DATA information 1s curren
orm to specifcations per
tandard warrarty Produ
necessanly nclude leshing of all parameters.

.Atnnlﬂz;m Copyright @ 2000-2013, Texas Instruments Incarporated
the Jexas
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lout = 'é‘—a +lg
Alg = 1.3 mA over line and load changes.

Figure 3. Current Regulator

Connection Diagrams

[ outeul
oD =1
—== =100,
Figure 5. DDPAK/TO-263 Surface-Mount Package
Top View

See Package Number KTT0003B

by A—n

50T-223

Figure 4. Comparison between SOT-223 and
DDPAK/TO-263 Packages
Scale 1:1

INPUT

CND

ouTPUT

Figure 6. 3-Lead SOT-223
Top View
See Package Number DCY

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘r I\ during storage or handling to prevent electrostalic damage to the MOS gates.

Absolute Maximum Ratings@#

DC Input Voltage - 35V
Internal Power Dissipation'*! Internally Limited
150°C

Maximum Junction Temperature
Storage Temperature Range

-65°C to +150°C

Lead Temperature (Soldering. 10 sec.) TO-3 Package (NDS) 300°C
TQ-220 Package (NDE), DDPAK/TO-263

| Package (KTT) 230°C

ESD Susceptibility ) 2kV

(1) Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Conditions are conditions under which
the device functions bul the specifications might not be ensured. For ensured specifications and test conditions see the Electrical

Characteristics.

(2) Military datasheets are available upon requesl At the ime of printing, the military datasheet specifications for the LM140K-5.0/883,
LM140K-12/883, and LM140K-15/883 complied with the min and max limits for the respective versions of the LM140. The LM140H and
LM140K may also be procured as JAN devices on slash sheet JM38510/107.

(3) If Military/Aerospace specified devices are required, please contact the Texas Instrumenls Sales Qffice/Distributors for availability and

specifications.

(4) The maximum allowable power dissipation al any ambienl temperature is a function of the maximum junclion temperature for operation
(Tumax = 125°C or 150°C), the junction-to-ambient thermal resistance (8,,), and the ambient temperature (Ta). Pomax = (Tumax =
Ta)8y,. If this dissipation is exceeded, the die temperature will rise above Tyax and the electrical specifications do not apply If the die
temperature rises above 150°C, the device will go into thermal shutdown. For the TO-3 package (NDS), the junction-to-ambient thermal
resistance (8,4) is 39°C/W. When using a heatsink, 8, is the sum of the 4°C/W junction-to-case thermal resistance (9y¢) of the TO-3
package and the case-to-ambient thermal resistance of the heatsink. For the TO-220 package (NDE). 6, 1s 54°C/W and B, 15 4"C/W. If
SOT-223 is used, the junction-to-ambient thermal resistance is 174°C/W and can be reduced by a heatsink (see Applications Hints on
heatsinking).If the DDPAK\TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area
thermally connecled to the package. Using 0.5 square inches of copper area, 8, is 50°C/W, with 1 square inch of copper area. 0,,is

37°C/W; and with 1.6 or more inches of copper area, 0, is 32°C/W.

(5) ESD rating 1s based on the human body model, 100 pF discharged through 1 5 kQ.

Operating Conditions "

(1)  Absolule Maximum Ralings are imits beyond which damage lo lhe device may occur. Operating Conditions are condilions under which
the device functions but the specifications might nol be ensured. For ensured specifications and test conditions see the Electrical

Characteristics.

2 Submit Documentation Feedback
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LM340A Electrical Characteristics

lour = 1A, 0°C £ T, < + 125°C (LM340A) unless otherwise specified'”’

Output Voltage 5V 12v 15V
Symbol  Input Voltage (unless otherwise noted) 10V 19v 23V Units
Parameter Conditions Min Typ | Max Min I Typ | Max Min Typ Max
Va Output T,=25C 4.9 5 5.1 11.75 12 12.25 | 147 15 15.3 v
Voltage Pps15W.5mA<lo<1A 4.8 52 115 125 | 144 156 v
Vv £ Vin € Viax (7.5 <Viy<20) (14.8 < V|y £ 27) (17.9 = V)£ 30) v o
AV Line lo = 500 mA 10 18 22 mV
Regulation | Ay (7.5 € Vi S 20) (14.8 S Vi < 27) (17.9 5 Vi £ 30) v o
Ti=26°C 3 10 4 18 4 22 mv
AViy (7.5 € Vpy < 20) (14.5 5 Vi < 27) (17.5 <V £ 30) Y%
T,=25C 9 10 mv
Over Temperature 12 30 30 mV
AV (85 Vps12) (16 5 Vi £ 22) (20 = Vi s 26) v
AVe Load T = 5mA<lys1.5A 10 25 12 32 12 35 mV
Geggittion  TESCA™ Zs0lha < S 15 19 21 mv
750 mA |
Over Temperature, 25 60 75 mv
) S5mASIgs 1A
I |Quiescent | T;=25°C 6 6 5 mA
Current Over Temperature 6.5 6.5 6.5 mA
Alg Quiescent S5mAslgs1A 05 0.5 0.5 mA
g:g:g; T,=25°C, Io = 1A 0.8 0.8 08  mA :
Viin S Vin S Vinax (7.5 < Vy < 20) (14.8 < Vi £ 27) (17.9 5 ¥y < 30) v
lg = 500 mA 0.8 0.8 0.8 mA |
Vil SVl = Vi {8 <V < 25) (15 £V, < 30) (17.9 £V, < 30) %
Vi Output Noise | T, = 25°C, 10 Hz < f < 100 40 75 0 oV
Voltage kHz
Ripple T, =25°C, f= 120 Hz, lo = 68 80 61 72 80 70 dB
_AViy  Rejection 1A
aVour orf=120Hz Io =500 mA, 68 61 80 dB
Over Temperalure,
V= ms o (8 <V, =18) (15 5V, < 25) (18.5 = V) £ 28 5) v
Ro  Dropout T, =25°C, In= 1A iB (N 2.0 20 v
Voltage |
Qutput f=1kHz 8 18 19 mQ
Resistance
Short-Circuit T =25°C 241 1.5 1.2 A
Current
Peak Qutput T, = 25°C 2.4 24 24 A
Current
Average TC Min, T, =0°C, | =5 mA -06 -15 -18 mV/°C |
of Vg
7\/7": Input Voltage —TJ =25"C )
E‘;‘I‘;‘;?:ﬁ‘e 7.5 145 175 v
Regulation

(1) Al characleristics are measured with a 0.22 pF capacitor from inpul to ground and a 0.1 pF capacitor from output to ground. All
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duly cycle = 5%).
Output voltage changes due to changes in internal temperature must be taken into account separately
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LM140 Electrical Characteristics'"
-55°C < T, s +150°C unless otherwise specified

Output Voltage 5v 12v sy
S’;Tb Input Voltage (unless otherwise noted) 10v | 19V 23V Units
Parameter Conditions Min Typ Max Min Typ Max Min I Typ l Max
Vo Output Voltage T,=25°C,5mA s I5= 1A 48 5 5.2 11.5 12 12.5 14.4 15 15.6 v
Pp<15W,5mA <o < 1A 475 525 114 12.6 | 14.25 15.75 A
Vi = Vin £ Vimax (8= V< 20) (15.5 < Viy £ 27) (18.5 <V < 30) v
AVg | Line lp=500 T,=25°C 3 50 4 120 4 150 mvV
Regulation mA AV (7 < Vi < 25) (14.5 5 Viy < 30) (17.5 <V, < 30) v
-55°C < T, < 50 120 | 150 | mv
+150°C |
g AViy (8 € Vy £20) (16 s Viy < 27) J (185 =V y=30) v
log1A  Ty=25°C 50 120 \ 150 mV
AV (7.5sVy < 20) (14.6< Vi £27) (17.7 = V\y = 30) A
=55.E-=T5 25 60 75 mV
+150°C
AV (B8sVys12) (16 = V) £ 22) (20 =V, s 26) Vv
AVq | Load T, = SmA<Igs 10 50 12 120 12 150 mV
Regulation 25°C 1.5A
250 mA € lp € 25 60 75 mV
750 mA )
-55°C =T, = +150°C, 50 120 150 mV
5mAsigs 1A
ln Quiescent los1A  T,=25C 6 6 5 mA
Cyrrent -§5°C < T, s 7 7 7 | ma
_ +150°C
Alg Quiescent 5mA S Ig < 1A 0.5 0.5 0.5 mA
Current . ;77 ¥
Change T,=25°C lp < 1A 0.8 0.8 0.8 mA
Viain € Vin S Vinax ) (8 € Viy £20) (15 =V)y=27) (18.5 = V\ < 30) A"
ln =500 mA, -55°C < T, < 0.8 0.8 0.8 mA
+150°C
Vi £ Vin S Visax (8 < Viy £25) (155 Viy £30) (18.5 = V)N = 30) \
Vi Qutput Noise T, =25°C, 10 Hz = 1= 100 40 75 90 pv
Voltage kHz
AViN_ | Ripple f=120 loS1A, T, = 68 80 61 72 ‘t 60 70 dB
AVpyr | Rejection Hz 25°C or
I £ 500 mA, 68 61 \ 60 dB
-55"Cusal’] I
<+150°C |
Vi = Vin € Viax (8sVy=18) (155 Vyy £ 25) (18.5 < V), £ 28.5) v
Ro Dropout T,=25°C, lp=1A 2.0 2.0 2.0 A
Voltage
Qutput f=1kHz 8 18 19 mQ
Resistance
Shart-Circuit T,=25°C 2 1.5 12 A
Current
Peak Output T,=25°C 2.4 2.4 24 A
Current
Average TCof 0°CsT,=+150°C,ln=5 -0.6 =15 -1.8 mV/°C
Vour mA
(1) Al characleristics are measured with a 0.22 pF capacitor from input to ground and a 0.1 pF capacitor from output to ground. All
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (L, < 10 ms, duty cycle < 5%).
Output voltage changes due to changes in internal temperature must be taken into account separately.
Copynght = 2000-2013, Texas Instruments Incorporated Submit Documentation Feedback 5
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LM140 Electrical Characteristics!” (continued)
-55°C = T, < +150°C unless otherwise specified

Output Voltage 5v 12v 15V
S’::'b Input Voltage (unless otherwise noted) 1ov 19V 23V Units
Parameter Conditions Min Typ Max Min Typ  Max Min J Typ | Max -
Vin Input Voltage  T,=25°C. I = 1A
Required to
Maintain Line 3 e T ¥
Regulation
LM340-N Electrical Characteristics"
0°C = T, £ +125°C unless otherwise specified
Output Voltage 5V T 12v 15V
Symbol Input Voltage (unless otherwise noted) 10v 7 19v 23V Units
Parameter Conditions Min } Typ Max Min ‘ Typ [ max Min Typ i Max
Vo Output Voltage |T,=25°C,5mA=<I|o<1A 48 5 52 11.5 12 125 144 15 15.6 \%
Pp<15W,5mAsigs1A 475 §:25 11.4 126 | 14.25 15.75 v
Vi S Vin S Visax (7.5 Vy<20) (14.5 < V) £ 27) (17.5 < V)y £ 30) v
| AV, Line Regulation |l =500 T,=25°C 3 80 4 120 4 150 mvV
£ AV (7€ Vi < 26) (14.5 < Vyy < 30) (17.5 < Vi < 30) v
0°C=T, = 50 120 150 mvV
+125%C
™ (8 < V) < 20) (15 € Viy € 27) (18.5 <V, < 30) v
Ibs1A [Ty=25C 50 120 150 mv
AViy (7.5 < Vi = 20) (14.6 s Viy £ 27) (17.7 £ Vi < 30) Y
i 0°CsT)s 25 60 75 mv
i | +125°C
AV (85 Vys12) (16 V,, =22) (20 = Vyy = 26) 1%
AVg Load Regulation | T; = SmMAsIps 10 50 12 120 12 150 mv
25°C I 1:9A l
250 mA s lp s 257 60 75 mV
750 mA |
SmMASIpS1A,0°C=<T, 50 | 120 150 mV
£+125°C
In Quiescent Ihs1A [Ty=25C 8 8 8 mA
CRgent loC=T,< 8.5 8.5 85 mA
[#125°C
Alg Quiescent 5mAs<ig 1A 0.5 0.5 0.5 mA
Current Change | 1 2o5c, 15 < 1A 1.0 1.0 10 mA
Vi $ Vin S Vigax (7.5< V), < 20) (14.8 < Viy = 27) (17.9 5V} < 30) v
lp 500 mA, 0°C =T, < 1.0 1.0 1.0 mA
+125°C
Vi S Ving = Vasax (7€ V), < 25) (145 s Vyy < 30) (17.55Viys30) V|
Vn Output Noise Ta=25°C, 10 Hz <f< 40 75 90 ny
Voltage 100 kHz
Ripple Rejeclion los1A, T = 62 80 55 72 54 70 dB
AVin 25°C
aVour f=120 orlg €500 62 55 54 d8
Hz mA,
| 0°C<T,<
; +125°C
[ Vg $ Vin S Visax (85 Vs 18) (15 S Viy < 25) (18.5 5 V) 5 28.5) v

(1)

All characleristics are measured with a 0.22 uF capacitor from input to ground and a 0.1 pF capacitor from output to ground. All
characteristics except noise vollage and ripple rejection ratio are measured using pulse technigues (1, £ 10 ms, duty cycle = 5%).
Qutput voltage changes due to changes in internal temperature must be taken into account separately.
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LM340-N Electrical Characteristics'" (continued)

0°C = T, £ +125°C unless otherwise specified
Output Voltage 5V 12v 15V
Symbol  Input Voltage (unless otherwise noted) 10V 19V 23V Units
Parameter Conditions ‘ Min Typ Max Min | Typ | Max Min Typ | Max
Rgy Dropout Voltage T,=25°C, lg = 1A 2.0 2.0 20 v
Output f=1kHz 8 18 19 mQ
Resistance
Short-Circuit T,=25°C 21 1.5 1.2 A
Current
Peak Output T,=25C 2.4 2.4 24 A
Current
Average TCof 0°C<T;<+125°C Ip=5 -0.6 -1.5 -1.8 mVi°C
Vout mA
Vin !nput_Vollage 'Ty=25C, lp 1A
v
Regulation
LM7808C
Electrical Characteristics
0°C = T, € +150°C, V, = 14V, Ip = 500 mA, C, = 0.33 pF, Cp = 0.1 pF, unless otherwise specified
Symbol Parameter - — " Conditions!" ~ LM7808C Units
) Min  Typ | Max
(Vg Oulput Vollage T, =25°C 77 B0 | 83| WV
| &V Line Regulation T;=25C 10.5V gV, £ 25V | 6.0 160 mv
11.0V sV, s 17V 2.0 80 |
AVp Load Regulation T,=25C 50mAsigs15A 12 | 160 | mv
7250 mA < Ig < 750 mA 40 | 80 |
Vo Output Voltage 11.5V sV, 523V, 5.0 mA = lg = 1.0A, P s 15W 7.6 84 |V
lg Quiescent Current T,=25C 4.3 8.0 mA
_ﬂlﬂ Quiescent With Line 115V sV, 525V 1.0 mA
Current Change With Load 5.0 mA s I < 1.0A 05
Vi Noise Ta=25°C, 10 Hz s =< 100 kHz 52 wv
AV/AV,  Ripple Rejection f=120Hz, Ip =350 mA, T, = 25°C 56 73 dB
Vbo Dropout Voltage lg=1.0A, T, =25°C 20 v |
Ro Qutput Resistance f=10kHz 16 mQ
loe " Oulput Short Circuit Current T,=25C V, = 35V 0.45 A
i lpk Peak Output Current T,=25C 22 i A
| AVIAT Aoi?éigt;%gl?:;p;emlure Coefficientof 1o =5.0 mA 08 | mviec
(1) All characteristics are measured with a 0.22 pF capacitor from input to ground and a 0.1 pF capacitor from output to ground. All
characteristics except noise vollage and ripple rejection ratio are measured using pulse techniques (1, 10 ms, duty cycle < 5%).
Output voltage changes due to changes in internal temperature must be taken into account separately.
Cupynighl © 2000-2013. Texas Inslruments Incorporated Submit Documentation Feedback 7
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LM555/NE555/SA555

Single Timer

Features

= High Current Drive Capability (200mA)
« Adjustable Duty Cycle

+ Temperature Stability of 0.005% /T

= Timing From =Sec to Hours

« Turn off Time Less Than 2oSec

Applications

+ Precision Timing

» Pulse Generation

= Time Delay Generation
+ Sequential Timing

Internal Block Diagram

Description

The LMSSS/NLESS5/SAS555 is a highly stable controller
capable of producing  accurate timing pulses. With
monostable operation, the time delay 1s controlled by one
external resistor and one capacitor. With astable operation,
the frequency and duty cvele are accurately controlled with
two external resistors and one capacitor.

8-DIP

OutPut
Stage

u) Vee

—(‘Dl)ischm’gu

|
F/F —@Threshold
| Control
Vref Voltage

Rev. 1.0.2

@2002 Fairchild Semiconductor Corparation
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LMS55/NESS55/SAS555

Absolute Maximum Ratings (TA = 25YC)

Parameter Symbol Value Unit
Supply Vollage - o vVce il _16 - V
Lead Temperature (Soldering 10sec) TLEAD 300 1T
Power Dissipation — |  Pe | "800 | mw
Operating Temperature Range

~+
Storage Temperature Range e " TSTG ! -65 ~ +150 | 1C
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LM555/NE5S55/SA555
Electrical Characteristics
(TA = 251C, Vce = 5 ~ 15V, unless otherwise specified)
Parameter Symbol Conditions Min. | Typ. | Max. Unit
Supply Voltage \ele! - 45 - 16 \
1 Vcc =5V, RL=" = 3 6 mA
Supply Current *'(Low Stable) Icc
vcec =15V, RL=" . 7.5 15 mA
Timing Error *2 (Monostable)
Initial Accuracy "
Drift with Temperalture ACCUR | ga = 1k| to100k ’ 1y = %
Drift with Supply Voltage i ox s T 40 PRETIC
pply Vollag aivee | - 01 | 05 | %NV
Timing Error *?(Astable)
Intial Accuracy ACCUR | Ra = 1k| to 100k] 3 225 - %
Drift with Temperature % g C=0.1«F 150 ppmATC
Drift with Supply Voltage aevee 0.3 %V
Vece = 15V 9.0 10.0 11.0 V
Contral Voltage V¢ - -
Vce =5V 26 338 4.0 Vv
| vec=15v - |00 - v
Threshold Voltage VTH
Ve =5V - 8.33 - \%
Threshold Current *° ITH - Y 0.1 | 025 A
. Ve =5V 11 1.67 2.2 A%
Trigger Voltage VTR
VCC = 15V 4.5 5 5.6 v
Trigger Current ITR VTR = OV 0.01 2.0 A
Reset Valtage VRST - 0.4 0.7 1.0 \
Resel Current IRST - 0.1 0.4 mA
Ve = 15V
ISINK = 10mA - 0.06 | 0.25 \'
' Low Output Voltage VoL [SINK = 50mA 0.3 .75 V
Vee =5V
ISl = 65mA - 0.06 J| 0.35 v
vee = 15V
ISOURCE = 200mA 125 - v
High Qutput Voltage VOH ISOURCE = 100mA 12.75 | 13.3 \Y
vcec =58V
ISOURCE = 100mA 2785 3.3 - \%
Rise Time of Output IR - - 100 - ns
Fall Time of Qutput tF - - 100 - ns
Discharge Leakage Current ILKG - - 20 100 nA

Notes:

1. Supply current when output is high is typically 1mA less at Ve = 5V

2. Tested at Voe = 5.0V and Vee = 15V

3. This will deterri-line maximum value of Ra + Rg for 15V operation, the max. total R = 20M | . and for 5V operation the max.
total R = 6.7M
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Application Information

Table 1 below is the basic operating table of 555 timer:

Table 1. Basic Operating Table

Threshold Voltage Trigger Voltage [ Discharging Tr.
(Vth)(PIN 6) ’ (E\;I?r)(PIN 2)g REseHEIN Ay | SHpUSEN &) (PIP? 7)9
Don't care Dan't care Low Low ON
Vih > 2Vee / 3 ; Vih > 2Vec /3 High " Low ~ ON
Vcc/3<Vth<2Vccl3}Vcc.'3<V1h<2Vcc.’3 High - -
¥ Vih<Vec /3 Vith < Vo / 3 ~ High T High ~ OFF

When the low signal input is applied 1o the reset terminal, the timer output remains low regardless of the threshold voltage or
the trigger voltage. Only when the high signal is applied 1o the reset terminal, timer's output changes according lo threshold

voltage and trigger voltage.

When the threshold voltage exceeds 23 of the supply voltage while the timer output is high, the timer's internal discharge Tr.
turns on, lowering the threshold voltage to below 13 of the supply voltage, During this time. the timer output is maintained
low. Later. if a low signal is applied to the trigger voltage so that it becomes 173 of the supply voltage, the timer's intemal
discharge Tr. turns off, increasing the threshold voliage and driving the timer output again at high,

1. Monostable Operation

+Veo
greoN e\ = Ra
RESET Vee .
Trigger I, DISCH{ B
O— = 2 HTRIG 2
] THRES '6_,~—~—«
~ "3 out I == ¢1
' } GND CONT\k..")" |
RL: T | Lc2
7 |

Figure 1. Monoatable Circuit

13 i, Eunidin

”umpm

.y ==

1 =9 1KEL R =Tk, Cl=0.00ul, VeenSY

Figure 3. Waveforms of Monostable Operation

" %
4,

;
<
A
Z
K
%
s
%

X
B
' /

Capucitance(uF)

Time Delavis)

Figure 2. Resistance and Capacitance vs.
Time delay(td)
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Figure | illustrates n monostable circuit. In this mode, the timer generates a fixed pulse whenever the trigger voltage falls
below Vee/3. When the trigger pulse voltage applied to the #2 pin falls below Vee/3 while the timer output is low, the timer's
internal (ip-Mop turns the discharging Tr. off and causes the tmer output to become high by charging the external capacitor
Cland sctting the flip-flop output at the same time.

The voltage across the external capacitor C1, VO increases exponentially with the time constant t=RA*C and reaches 2Vee:3
at td=1.1RA*C. Henee, capacitor C1 is charged through resistor RA. The greater the time constant RAC, the longer it takes
for the VC1 to reach 2Vee/3. In other words, the time constant RAC controls the output pulse width.

When the applied voltage 10 the capacitor C1 reaches 2Vee/3, the comparator on the trigger terminal resets the flip-flop,
turning the discharging Tr. on. At this time, C1 begins to discharge and the timer output converts to low,

In this way. the timer operating in monostable repeats the above process. Figure 2 shows the time constant relationship based
on RA and C. Figure 3 shows the general wavelorms during monostable operation.

It must he noted that. for normal operation, the trigger pulse voltage needs to maintain a minimum of Vee/3 before the timer
output turns low. That is, although the output remains unaffected even if a different trigger pulse is applied while the output is
high, it may be affected and the waveform not operate properly if the trigger pulse voltage at the end of the output pulse
remains at below Veer3. Figure 4 shows such timer output abnormality.

1V idiiv. Shusidiv

l Trigger

Threshold

R =9.1KEY R =1K0, CT=0.01ul, Vee=5Y
Figure 4. Waveforms of Monostable Operation (abnormal)

2. Astable Operation

+Vcc\}
+ ;':RA \\\ H 2K,
| > L =
4% {8 N N N
| | RESET V& | \ \ \\
| i DISCH' 7} 1 Lo\ Y A N N,
L+ 2 TRIG T L E &,
- ot “RB H 4,
‘ GHRES .6 I é‘ 2 I & ‘\\\\\\\
— 5 1ouT l 1 e o — M, ; 1N b
: i onp  CONT! 5 j \ | \ \
: 1 / 'J =02 ! \‘oo.- 1 1 1-: I.L wr 160k
‘ Frequencyillzy
Figure 5. Astable Circuit Figure 6. Capacitance and Resistance vs. Frequency
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FC817 Series

PC817 Series

# Lead forming type (I

High Density Mounting Type
Photocoupler

type) and taping reel type (P type) are also available. (PCRI71S PCSI 7P) (Page 656)

w# TUV (VDEOSRD) approved type is also available as an option.

s Features

1. Current transfer ratio

(CTR MIN. 50% at It =5HmA)

High isolation voltage between input and
output (V.. 5 000V,..)

3. Compact dual-in-line package

[ae]

PC817 - l-channel type
PC827 © 2-channcl type
PC837. 3-channel type
PC847 . 4-channel type

s Appfications

1. Computer terminals

2. System appliances, measuring instruments

3. Registers, copiers, automatic vending
machines

4. Electric home appliances. such as fan
heaters, etc.
5. Medical

equipment

instruments, physical and chemical

6. Signal transmission between circuits of

4. Recognized by UL, file E64380 different potentials and impedances
s OQutfine Dimensions (Unit © mm)
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PLELT

SHARP FC817 Series
B Absolute Maximum Ratings (Ta=125C)
Parameter Symbol Rating Unit
Forward current Ir 50 mA
Input L ]fcuk forward current kv | | ' A
Reverse voltage Vi . 6 | V
Power dissivation P 70 | mW
Collector -emitter voltage : Vero 35 ! v
bt Emitter -collector voltage Veco | 6 ' V
Py Collector current IS 50 mA
Collector power dissipation Py 150 mW
Total power dissipation o Prat 200 mW
*lsolation voltage | Vise 5000 ‘ Ve
. Operating temperature T, -30 to + 100 -
Storage lcmpuﬁrulll»rt: Ta - Hto 4 ]EE. i
~ *Soldering temperature | T.r . 260 C
*| Pulse width =100 gs, Duty ratio  0.001
*240 1o 60%RH, AC tor 1 minute
*3 For 10 seconds
s Electro-optical Characteristics (Ta=257)
Parameter Symbol Conditions MIN. | TYP. | MAX.  Unit
Forward voltage V) Ip - 20mA W) 1.4 YV
Inpil I’cz;l\ forward voltage d J Ver  Iem=058 -~ e ) _ | 30 v
Reverse current | Ir V=4V 10 uA
| Terminal capacitance | G V= f=1kHz = | 30 0 pF
Output | Coltector dark current ) Toso | | Ve 70 70 T 1) M
*Current transfer ratio CTR | IF=3mA, Ve -5V ) S 600 %
Collector emitter saturation voltage |V (it [ 1r=20mA, Ic= ImA 0.l 0.2 \
Transfer| Isolation resistance Riso . 500V, 40 to 60 RH 5% 10" 10! - 0
charac | Floating capacitance NP V=0. {= MHz [ 06 1.0 pF
teristics | “Cut -off freauency . f, Ver-aV. le=2mA, Re=10002. -3dB B : a0 - kHz
i ime 1 ' 8 S
Response time ?T?ﬁ ||r::m- :t | Vior =2V, 10 =2mA Ry = 1004 - i) L T ﬁs
*1 Classification table of eurrent transfer ratic Fig. 1 Forward Current vs.
is shown below. Ambient Temperature
60 r
Model No. Rank mark CTR (%) ‘
PCB17A A 80 10 160 R !
PC817B ‘ B 130 1o 260 g i \
PC817C j ¢ 200 to 400 Lo ‘
PC817D | ) 300 10 600 Z \
PCB# AN Aor 1 80 10 260 § M= l ‘ ‘ i \
PC8a: 7BC 1 jor C 130 to 400 = f |
PC8HTCD CorD 200 o 600 g o ' ‘ \
PC8#7AC | A BorC 80 10 400 £
PCB#7BD | B, CorD 130 10 600 L
PC8: 7AD | ATB. CorD 30 to 600 Y
PC8# 7 | AR C.DorNomark 5010 600 5 . % 50 75w |x¥
# ol or2ordord Ambient temperature 1a(t)

438



HRS4(H) Relay

1.COIL DATA

1-1.Nominal Voltage
1-2.Coil Resistance
1-3.0perate Voltage
1-4.Release Voltage
1-5.Nominal Power Consumption

2.CONTACT DATA

2-1.Contact Arrangement
2-2.Contact Material

2-3.Contact Rating

2-4 Max. Switching Voltage
2-5.Max. Switching Current
2-6.Max. Switching Power
2-7.Contact Resistance ( Initial )
Electrical

2-8.Life Expectancy fzhanical

3.GENERAL DATA
3-1.Insulation Resistance
3-2.Dielectric Strength

3-3.0perate Time
3-4.Release Time
3-5.Temperature Range
3-6.Shock Resislance
3-7.Vibration Resistance
3-8.Weight

3-9.Safety Standard

4.DIMENSIONS ( in mm )

3VDC to 48 VDC
Refer to Table 1
Refer to Table 1
Refer to Table 1
360 to 450 mW

1FormA ,1FormC
AgCdo

10A 120VAC /24 VDC (1C)
15A 120VAC /24 VDC (1A)

110 VDC / 240 VAC

15A

1800 VA , 360W

50m.at6 VDC 1A

100,000 operations at nominal load
10,000,000 operations

Min.100M;, at 500 VDC

750VAC , 1min between open contacts
1,500VAC , 1min between contacts and coil

Max. 8ms

Max. 5ms

-30 to +85 ja

106G

10 - 55 Hz , Amplitude 1.5mm
10 gr.

UL NO, E164730

PR . 3. W 1 155 e
T (.
| 1 ' -Fa (1'_)
- 72, Y & SR
{ : ¥ |
RN
) LR WA
g H T RV S A
3 P N - T i —
i
5.0RDERING CODE
A
HRS4 H- s DC 3V é:ONTACT ARRANGEMENT

l—A: 1FORMAC:1FORMC
NOMINAL VOLTAGE:
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Ve Vo
LS5 7.0
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DC3V, DC5V,DCBV, DC12V, DC24V , DC48V



HRSAH

. ENCLOSURE
S --—- WASHABLE

~ colL

NIL ---- STANDARD TYPE

H ----- HIGH SENSITIVE TYPE

6.COIL DATA CHART

119

at 20w
ORDERING CODE NOMINE e VOLTAGE VOLTAGE NORMINAL

vDC i eSS vDC vDC mwW
HRS4-S DC3V ; 3 20 2.25 | 0.30
HRS4-S DC5V | 5 50 3.75 ! 0.50
[HRS4-5 DCEV & 6 80 4.50 [ 060
[HRS4-5 DC8V | 9 780 6.75 0.90 450
HRS4-5 DC12V 12 320 9.00 1.20
HRS4-5 DC24V 24 820 18.00 | 2.40
[HRS4-S DC48v 48 5200 36.00 4.80
HRS4H-S DC3V 3 25 225 0.30
HRS4H-S DC5V | 5 70 3.75 | 0.50
HRS4H-S DCBV [ 6 100 4.50 ] 0.60
TGRS 2 el A — — N . PA A L —— 090 360
HRS4H-5§ DC12V 12 400 9.00 1.20
HRS4H-S DC24V 24 1600 18.00 2.40
[HRS4H-S DC48V 48 6400 36.00 = 4.80

Table 1

7.HRS4(H) CHARACTERISTIC DATA

Coil Temperature Rise

Temperature Rise("C)

Timing
Time(ms)
[ [
10 } % 80O
8 \ | | | | B0
\\ Qperate | a
g Nl Ny a0
. I ~—
4 ! [ 1 : 20
J.-"’"L_‘__*_“_ :
2 i Release “ 10
T é
_____ | i |

0 010203040506081.01.21.4
Coil Power(W)

e

0.1

02 03

04 05
Coil Pawer(W)

0.5
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Interface Card

USER GUIDE AND SPECIFICATIONS

USB-6008/6009

This guide deseribes how to use the National Instruments USB-6008/6009
data acquisition (DAQ) devices and lists specifications.

Introduction

The NI USB-6008/6009 provides connection to eight analog input (Al)
channels. two analog output (AQ) channels. 12 digital input/output (DIO)
channels. and a 32-bit counter with a full-speed USB interface.

Note This manual revision updates naming conventions to reflect the conventions used in
NI-DAQmzx. Table 1 notes the correlation between the old and updated names.

Table 1. Digital Output Driver Type Naming Conventions

Hardware Functionality ‘ NI-DAQmx Terminology
Open-drain Open collector
Push-pull Active drive

Table 2. Differences Between the USB-6008 and USB-6009

Feature USB-6008 USB-6009
Al Resolution 12 bits differential, 14 bits differential,
11 bits single-ended ‘ 13 bits single-ended
Maximum Al Sample Rate, 10 kS/s 48 kS/s

Single Channel”

Maximum Al Sample Rate. 10 kS/s 42 kS/s
Multiple Channels (Aggregate)”

DIO Configuration Open collector Open collector or active drive

Might be system dependent.

‘7 NATIONAL
’ INSTRUMENTS
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Figure 1. USB-6008/6009
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Figure 2. USB-6008/6009 Back View

Safety Guidelines

A Caution Operate the hardware only as deseribed in these operating instructions.

The following section contains important safety information that you must
follow when installing and using the USB-6008/6009.

Do not operate the USB-6008/6009 in a manner not specified in this
document. Misuse of the device can resultin a hazard. You can compromise
the safety protection built into the device if the device is damaged in any
way. If the device is damaged, contact National Instruments for repair.

Do not substitute parts or modify the device except as described in this
document. Use the device only with the chassis. modules. accessories. and
cables specified in the installation instructions. You must have all covers
and filler panels installed during operation of the device.

USB-6008/6009 User Guide and Specifications b i com
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Setting Up Hardware

Complete the following steps to set up the hardware:
I. Install combicon screw terminal blocks by inserting them into the

combicon jacks.

@ Note The USB-6008/6009 kit ships with signal labels. You can apply the signal labels to
the screw terminal blocks for easy signal identification.

Reler to Table 3 and Figure 4 for label orientation and affix the
provided signal labels to the screw terminal blocks. Until the signal
labels are applied, you can insert the serew terminal blocks into either
of the combicon jacks. Refer to Figure 4 for more information about

rJ

signal label orientation,

1 Overlay Label with Pin Orientation Guides 3 Signal Labels
|2 Combicon Jack 4 USB Cable

Figure 4. Signal Label Application Diagram

Note Once you label the screw terminal blocks, you must only insert them into the
matching combicon jack, as indicated by the overlay label on the USB-6008/6009 device.

3. Connect the wiring to the appropriate screw lerminals.

USB-6008/6009 User Guide and Speacifications ] nicom
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123

The USB-6008/6009 ships with one detachable screw terminal block for

analog signals and one detachable screw terminal block for digital signals.

28 AWG wire.

These terminal blocks provide 16 connections that use 16 AWG Lo

Table 3 lists the analog terminal assignments, and Table 4 lists the digital
terminal assignments.

Table 3. Analog Terminal Assignments

Signal, Signal,
Module Terminal Single-Ended Mode Differential Mode
| GND GND
— 2 AL O Al O+ |
(1 |
3 Al4 Al O- |
—_—
4 GND GND
== 5 Al 'l Al 1+
= |~
1] {feo 6 AlS Al -
=)= ]
] ||er 0| G 7505w X s 1
Q| 8 AL2 AL2+
E (it
(G 9 AL 6 A12-
=« -
=2 10 GND GND
= - — —— i _— -
=)= 1 Al3 Al 3+ |
=gl '
)= D 12 AL7 Al 3-
0| '
il G 13 GND GND
2 -
S| 14 AOO AO O
A\ L 5 AO | AO |
16 GND GND

© National Instruments Corporation

(/SB-6008/6009 User Guide and Specifications
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Table 4. Digital Terminal Assignments

Module ' Terminal Signal
17 P0.0 *
—n 18 | PO. 1 |
| | |
- | 19 P0.2 |
i 2 P0.3 |
=1= 1 2 PO.4 ;
== .
] = (| 2 , PO.5 '
[ M i
L
! g % ' 23 PO 6 |
& D V& — Y |
&= | |
SI= | | %5 | P1.0
K= i =
el | 26 PI. |
P~ o . A4 BN e~ 1. S '
. b= : 27 Pl1.2 |
| =1 . , |
S g 2 | P13
S ‘
‘[ 2 @ . 29 PFI0
| T 17 =7 : — T
E '@;@ ‘ 30 2.5V
= 3 45V
|
{ I
- ' 3 GND |

USB-6006/6009 User Guide and Specifications 8 nicom



Signal Descriptions
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Table 5 describes the signals available on the I/O connectors.

Table 5. Signal Descriptions

Signal Name

Reference

Direction

Description

GND

Al <0..7>

Varies

Input

Ground—The reference point for the
single-ended Al measurements, bias
current retumn point for differential mode
measurements, AQO voltages, digital
signals at the I/O connector, +5 VDC
supply. and the +2.5 VDC reference.

Analog Input Channels 0 to 7—For
single-ended measurements. cach signal is
an analog input voltage channel. For
differential measurements, Al 0 and Al 4
are the positive and negative inputs of
differential analog input channel 0.

The following signal pairs also form
differential input channels:

<Al I, A15>, <Al 2, Al 6>, and

<Al 3, Al 7>,

AO 0

GND

Output

Analog Channel 0 Qutput—Supplies the
voltage output of AO channel (.

AO |

Pl.<0..3>
PO.<0..7>

GND

GND

Output

Input or Output

Analog Channel 1 QOutput—Supplies the
voltage output of AO channel 1.

Digital I/O Signals—You can
individually configure each signal as an
input or output.

+2.5V

GND

Output

+2.5 V External Reference—Provides a

reference for wrap-back testing.

+5V

PFL ()

GND

GND

Output

Input

+5 ¥V Power Source—Provides +5 V
power up to 200 mA.

PF1 0—This pin is configurable as cither a
digital trigger or an event counter inpult.

© National instruments Corporation

USB-6008/6009 User Guide and Specificalions
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Connecting Analog Output Loads

To connect loads to the USB-6008/6009, connect the positive lead of the
load to the AO terminal. and connect the ground of the load to a GND
terminal.

1 AO

USB-6008/6009

% Load

Figure 11. Connecting a Load

Minimizing Glitches on the Output Signal

Digital 1/0

When you use a DAC (o generate a wavelform, you may observe glitches in
the output signal. These glitches are normal: when a DAQ switches from
one voltage to another, it produces glitches due to released charges. The
largest glitches occur when the most significant bit of the DAC code
changes. You can build a low-pass deglitching filter to remove some of
these glitches, depending on the frequency and nature of the output signal.
Refer to ni . com/support for more information about minimizing
alitches.

The USB-6008/6009 has 12 digital lines, P0.<(..7> and P1.<0..3>, which
comprise the DIO port. GND is the ground-reference signal for the DIO
port. You can individually program all lines as inputs or outputs.

Digital 1/0 Circuitry

Figure 12 shows P0.<0..7> connected o example signals configured as
digital inputs and digital outputs. You can configure P1.<0..3> similarly.

USB-6008/6009 User Guide and Specifications 14 nicam
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LED /1/'
LED éé -4 P0.0

L e

<+ P0.2
+5V TTL Signal

P0.3
PO.4
P0.5
P0.6
p- P07

(0n¢naoé

./'

@/’V
@/
®/

!
Switch \g

-l GYI\%D

IO Cennector T

P0.0 configured as an open collector digital output driving a LED

P0.2 configured as a active drive digital output driving a LED

P0.4 configured as a digital input receiving a TTL signal from a gated invertor
P0.7 configured as a digital input receiving a 0 V or 5 V signal from a switch

&N -

Figure 12. Example of Connecting a Load

A Caution Exceeding the maximum input voltage ratings or maximum output ratings, which
are listed in the Specifications, can damage the DAQ device and the computer. National
Instruments is not liable for any damage resulting from such signal connections.

Source/Sink Information

The default configuration of the USB-6008/6009 DIO ports is open
collector. allowing 5 V operation. with an onboard 4.7 kQ pull-up resistor.
An external, user-provided, pull-up resistor can be added to increase the
source current drive up to a 8.5 mA limit per line as shown in Figure 13.

The USB-6009 ports can also be configured as active drive using the
DAQmx APL allowing 3.3 V operation with a source/sink current limit of
+ 8.5 mA. Referto the NI-DAQmx Help for more information about how to
set the DIO configuration.

© National Instruments Corporation 15 USB-6008/6009 User Guide and Specifications
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45V USB-6008/6009
- et2 V
Re Rp

External 4.7 K& Onboard Resistor
g PO Port Pad

. .0 ort Pa
Resistor & % X

R
Load %

;®—TGND

Figure 13. Example of Connecting External User-Provided Resistor

Complete the following steps to determine the value of the user-provided
pull-up resistor:

I.  Place an ammeter in series with the load.
2. Place a variable resistor between the digital output line and the +5 V.

3. Adjust the variable resistor until the ammeter current reads as the
intended current. The intended current must be less than 8.5 mA.

4. Remove the ammeter and variable resistor from your circuil.

Measure the resistance of the variable resistor. The measured
resistance is the ideal value of the pull-up resistor.

6. Select a static resistor value for your pull-up resistor that is greater than
or equal to the ideal resistance.

7. Re-connect the load circuit and the pull-up resistor.

1/0 Protection

To protect the USB-6008/6009 against overvoltage. undervoltage. and
overcurrent conditions. as well as ESD events. you should avoid these fault
conditions by using the following guidelines:

« If you configure a DIO line as an output. do not connect it Lo any
external signal source, ground signal, or power supply.

» If vou configure a DIO line as an output. understand the current
requirements of the load conneeted to these signals, Do notexceed the
specified current outpul limits of the DAQ device.

[/SB-6008/60089 User Guide and Specifications 16 nicom
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National Instruments has several signal conditioning solutions for
digital applications requiring high current drive.

« If you configure a DIO line as an input, do not drive the line with
voltages outside of its normal operating range. The DIO lines have a
smaller operating range than the Al signals.

*  Treat the DAQ device as you would treat any static sensitive device.
Always properly ground yourself and the equipment when handling
the DAQ device or connecting to it.

Power-On States

Al system startup and reset. the hardware sets all DIO lines to
high-impedance inputs. The DAQ device does not drive the signal high or
low. Each line has a weak pull-up resistor connected (o it.

Static DIO

Each of the USB-6008/6009 DIO lines can be used as a static DI or DO
line. You can use static DIO lines to monitor or control digital signals. All
samples of static DI lines and updates of DO lines are software-timed.

Event Counter

You can configure PFI 0 as a source for a gated invertor counter input edge
counl lask. In this mode. falling-edge events are counted using a 32-bit
counter. For more information about event timing requirements, refer to the
Specifications section.

Reference and Power Sources

The USB-6008/6009 creates an external reference and supplies a power
source.

+2.5 External References

The USB-6008/6009 creates a high-purity reference voltage supply for
the ADC using a multi-state regulator, amplifier. and filter circuit. The
resulting +2.5 V reference voltage can be used as a signal for self test.

+5 V Power Source

The USB-6008/6009 supplies a 5 V. 200 mA output. This source can be
used to power external components.

Note While the device is in USB suspend. the output is disabled.

© National instruments Corporalion 17 [ISB-6008/6009 User Guide and Specifications
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The following specifications are typical at 25 “C. unless otherwise noted.

Analog Input

CONVETLET LYPE cvriiiieenreeessneesssreesnessnesnns

ADEOT INPULS e i sy

Input resolution
WE~ . o6 ..

USB-G0U9% > DN A4 4T

Max sampling rate!

Single channel

Successive approximation

8 single-ended, 4 differential,
software selectable

12 bits differential.
11 bits single-ended
14 bits differential,
13 bits single-ended

USBIGUIRT. [ L0E, \ 5. e 10 kS/s
UISB=GO0GAL., ALSL .\ S 48 kS/s
Multiple channels (aggregate)
WSBT6003.. LX) \LL2 0 10 kS/s
ITSB-000% Era A At ae e N - 42 kS/s
ALFTRC). ...\ Seeesia o nigre ). L 5 12 yids
Timing resolution .....c..eeeeevviiviimiasnenn. 41.67 ns (24 MHz timebase)
Timinpdacurady N8 &...... L7 L2 100 ppm of actual sample rate

Input range

Single-end®l.... NaINSA e +10V
By {05 Jat:1 R TR 20V, 210V, £5 V. 24V,

+2 NSV, +1.25V, 21V

LU0 ¢ G T RS xS ——— e =0V
Inpiit impedance «sminmmeiissisms 144 kQ
Overvoltage protection .. +35

I Might be svstem dependent.

L/SB-6008/6009 User Guide and Specifications 18
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TrEEET SOUTCE ovinrererinreernreereeeneenenns SOftWare or external digital
trigger

System noise
USB-6008. differential......c.ccceeeeeeen. 1.47 mVrms

USB-6009, single-ended................. 293 mVrms
USB-6009. differential.................... 0.37 mVrms
USB-6009. single-ended.....ooeeenins 0.73 mVrms
Absolute accuracy at full scale, single ended
| 'Dypicalral 2820 | Maximum over 1‘&11perafure ‘
Range (mV) (mV) 1
+10 14.7 138
Absolute accuracy at full scale. differential'
/4 y ! I\:pl;'ll a;ZS '*-C__ g Mz-lximum (A)‘ve—r Temperature
Range (mV) (mV)
+20 14.7 138
+10 T B 84.8
' [ AJJ Y a8, sl sd |
i 3.59 53.1
+2.5 2.56 7 45.1
\\ £ U1 W mrescsssumn 70X N | P NGYP™ I |
+1.25 1.70 389
+1 1.53 $7.5

! Input voltages may not exceed the working voltage range.

Analog Output

Ganvester typ&l. . L1188 L0y Suceessive approximation
Analog ol S om0 oo 2

Output resolulion. .. 12 bits

Maximum update rate ... 150 Hz. soltware-timed
CHIEDUE TANEE. ... ssvoisssarssanmisisimmimiain Dw+5V

Outpul impadanca ..ot oo 500

@ Mational Instruments Corporation 18 UISB-6008/6009 User Guide and Specificalions



Output current drive ..

Power-on state

Slew rate

Short CIreit CUrTeNt., ..comssssnssssain

Absolute accuracy (no load)

Digital 1/0
Digital 1/0
P0.<0..7>
PL<0..3>

Direction control

Output driver type
USB-6008
USB-6009

Compatibility

Absolute maximum voltage range
Pul=tip’ resist@i. <o\\. .. @B ... /o N s

Power-on state

[/SB-6008/6009 User Guide and Specifications 20
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SmA
v

I Vius
S0 mA

7 mV typical, 36.4 mV maximum
at full scale

8 lines

4 lines

Each channel individually
programmable as input or output

Open collector (open-drain)

Each channel individually
programmable as active drive
(push-pull) or open collector
(open-drain)

TTL. LVTTL. CMOS

—0.5t05.8 V with respect to GND
4.7 kQ105V

Input thigh impedance)

nicom
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Digital logic levels

Level Min Max Units
Input low voltage 0.3 0.8 vV
Input high voltage 20 5.8 v
Input leakage current — 50 HA
Output low voltage (I= 8.5 mA) - 0.8 Vv
Output high voltage
Active drive (push-pull), [ = —8.5mA 20 3.5 Vv
Open collector (open-drain). I = —0.6mA, nominal : 20 5.0 \Y
Open collector (open-drain). I = —8.5mA, with external pull-up 20 — Y
resistor
External Voltage
+5 V output (200 mA maximum) .......... +5 V typical, +4.85 V minimum
+2.5 V output (I mA maximum)........... +2.5 V typical
1258 aGoHTAB 2. /. Atk . \ Mo N - 0.25% max
Reference temperature drift ......oveenenn. 50 ppm/“C max
Counter
Number of counters.........ccovviviininanne. |
R esollition S dimmsrrt e WL A ... 37 bitg
Counter Mmeasurements ... e reeasneiianine Edge counting (falling-cdge)
PRIAupresister L 8. E2...... L2 A 2 47kQos5V
Maximum input frequency.......cccccccceee... S MHzZ

Minimum high pulse width................... 100 ns

Minimum low pulse width ... 100 ns
Input high Voltege ™. ... 20V
Input 16w VOILHEE «ovevnisnsimsamsin i 0.8V
Bus Interface
USB specilicalion wumm s USB 2.0 full-speed
USB-Busshied cpmsnmmmannatinms [2 Mb/s
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Power Requirements
usB
T T s o v B ] ONERR———— 80 mA typical. 500 mA max
USB suspend .ooooceveecieinenieniniennee, 300 A typical. 500 pA max

Physical Characteristics

[f you need to clean the module, wipe it with a dry towel.

Dimensions
Without cOnnECLors. .ovvvreeveereneeeen. 035 cm x 851 cm x 2,31 cm
(2.50 in. x 3.35in. x 0.91 in.)
With COnnectorns....cvv e, 8.18cm x 8.51 cm x 2.31 em
(3.22 in. x 3.35 in. x 0.91 in.)
I/ oOUMECIOTT.). ... v et ve . covovorms [sovmons. USB series B receptacle,
(2) 16 position terminal block
plug headers
Weight
Wilhicanuettors,. L. 2 k.. o mope 84 g (3 07)
Without connectors.......o..ceveciee. 34 2 (21 02)

Screw-terminal wiring ... el 6 1028 ' AWG

Torque for serew terminals.......ccoeeenenen. 0.22100.25 N -m
(2.0102.21b-in.)

Safety

Standards

The USB-6008/6009 is designed to meet the requirements of the following
standards of safety for electrical equipment for measurement, control, and
laboratory use:

« IEC 61010-1. EN 61010-1

«  UL61010-1

«  CAN/CSA-C22.2 No. 61010-1
Note For UL and other safety certifications, refer to the product label, or visit

ni.com/certification, search by model number or product line. and click the
appropriate link in the Certification column.,

USB-6008/6009 User Guide and Spacifications 22 nicom
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Servomator

GWS S03N - Standard Servo

Basic Information

Modulation: Analog
. 4.8v: 47.0 0z-In
Torque: 6.0V: 56.0 0z-in
) 4.8V: 0.23 sec/60°
Speed: 6.0V: 0.18 sec/60°
Weight: 1.45 0z (41.47Q)
Length: 1.56 in
Dimensions: widtht #0.79 in (20 _mm)
Heightt 1.40 In (35:6.mn Brand: GWS
Motor Type: i Product Number:  S03N STD
Gear Type: Suggested Retail:
Rotation/Support: Street Price:
Compare: add
Additional Specifications
Rotational Range: g User Reviews
Pulse Cycle: 20 ms Number of Reviews: 2
Pulse Width: 500-1500 ps Average Rating: 4.0/5.0

Connector Type: aa





