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ABSTRACT

This Project Pre-Wave Measurement and Analysis for Waning Systems is to bring in the
model of signal from media by using Accelerometer sensor which mearuring range is between
15g for to detect signal from the moving trains in the format of P-wave which indicates the
characteristics of what to be evaluated to find out the difference and compare signal in some
trains such as passengers train, diesel train or spinter. In evaluating the signals has depend on
piezoelectric, that is to compare the speed of vibration to the gravity of the earth which output
electricity as the radio of the force and to get output 1-5 volt by connected to power supply 5 volts
for two channels of signals. And by using data acquisition card (DAQCard) to send data to port
USB to a microcomputer with LabVIEWS.0 program to feedback and process some data at the
level of vibration value for sampling rate 10k Hz for double of the highest and lowest. So that the
textfile data can be showed in the graphic monitoring to compare and indicate the differences of

some kinds of train as the theory of the appearing of P-wave.
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2NN 2.9 Seismic Instrument
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Y 2
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7= ry
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(2.10)
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amvzdeaiinslivawnsdnnuiniligadeunofiez 1A iammuuis wessruyidenisva

1Reegnaos
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] [} [] » [l
grwumandoungeq  vealszgnldueeq unzgnidenldinsizns faludmilazainie:

=}
menmsveielszy




19

2.3.23 anuduRussendnnnhveuduse ivuaninisdula
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5 o 4 ey . . i =
A3 Tuuudi/asuinsguandalunmsuauile (Dampling) alaow lu&rwgiluvumandia-
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2.3.3 Velometer

§ o o o { = o
Velemeter fin gUnsain 141un13fannnd wesiagiuiianisdu vinauns 2.3) 5

vz 18 wesiag iy

y(t) = oY cosof (2.16)
nazINauNs (2.14) 92 181
. r’oY (2.17)
2(t) = 2 e T cos(wt — @)
dusrdmuald
r ol (2.18)
[a-r) +@¢r1"
RAUTA ]
2(t) = oY cos({wt — @) (2.19)

Srnauns 2.18) 1uese afSeufsuaunis (2.19) fuauns (2.16) (519 Wun
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2.4 ANUFHUMIAMBNAITHY
2.4.1 uennITEw (Data Acquisition:DAQ)
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2.4.4.4 NMINIDINYQIY (filtering)
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of ] : o o & o 1 i ar o ]
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2.4.5.1.3 MI5INTyaa nIedafndnds (multiplexing)
Fumaiiaftislniadygau ldnaiog vemieuiulasidias ADC ivayn
- o 1 I o L} d' é ‘i 1 1 ot 1 d'
o2 1Ae1995 ADC wxynsguardguoinsesiniandslbeulilquadygy uvesdiaes
T o Ui ar U < o A A 4 a : &
sosiian uaztedn liouasumndes udrlsfounduinivesnvilednasuiiesniniees

ADC finsduidyanumnaieg sesreriissiuinlisasud lunsdquidygudeseannd
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DYNAMIC ACCELERATION

Direction of Earfla gravity field(1)
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Veg D: 3 14 (T S

Veur C1]| 4 13 e

Vour g 12 [T ne

sTaTUS [L]| € 11 T we

Vss [1]| 7 10 ITIne

ST ]| & T N

- Pin Descriptions

Pin No. | Pin Name Description

1 thru 3 Vg Redundant connections to the internal

Vgg and may be left unconnected.

4 Vour Output voltage of the accelerometer.
5 STATUS | Logic outpul pin to indicate fault.
! +] Voo The power supply input.
¥ Vgg The power supply ground.
& 8T Logic input pin used o initiate sef-test.
9thru 13 | Trim pins |Used for factory trim. Leave
uncennected.
14 thu 16 — No internal connection. Leave
uncornected.
Vog | T (5 . gTATUS
LGGIC . 57 Ri
? INPUT 4 1k
R 6 [voe Vour | OUTPUT
o _]_ 5 ‘555 | SIGHAL
01 uf s—{ve 2
8= QApF I
Vsg pmar

MNA 3.5 1and0Unsol 21995 HAZAIMNUIYIVDS Accelerometer Sensor
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3.2.1.2 Medyn I

Winmadenldaedod noluliaeIdduau 3.1&u dszgadldiadenuy
T Tns Ty 3 11 dedumedyaonns 1993 Tddauii 3 11 dedriy Supply input, Output
10z Ground hfuMmeiAISia uazaBRY Power Supply 5Vdc Box §1U7U 2 ¥eadnm fim

&
VYHU

MNA 3.6 awTas ung wade luTas Idu 3 n

3.2.1.3 Power Supply
] r d' 1 o [ O'J (Y L] A o @
Wunndeswdnszuaaseiswtiudmisdugammss Felfuuseau
1 i r d‘. A T o Q'l 1 ol
Tegh sv swnszua'ldgeqan 14 Fadariny connector Tadia lusdaile 3 v1 Ao Power
A L
Supply input(Vdd) , Power Supply ground (Vss) 142 Qutput Voltage signal (Vout) Fuilundes

Ao = o A ] " W o
Power Supply #151$112u 2 8una uaz 2 ewwn eazaanlunsdedyy i ¥niy DAQ-Card

Q P <
1
MJE3005
R1
220
c2
R3 —L
VR1 . 2,\;': 92
10k - T, C1815
QUTPUT
c2 2
L 47uF/25V 0-12vDC
GND
o— O

PN 3.7 2995unaaneinszuaas i 5Vde



dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsnanubidmsunslvnuienisnyiniiu lweygislmilulsdssloguaunisan

luansalla viedu Bnnsnuiludnuadilon uaznedendideaivesonalsynasaniinisuiluly
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3.2.1.4.1 BzM1aBN/AINDABIA (A/D Board:DAQ NI USB-6008)

1uTﬂNﬂuf':"l‘anJnsnfuﬂmﬁigfg1mﬁs"&am’1 AAMBNAIFTY (Data
Acquisition:DAQ) 1uMsAARDITN I Transducer (1AY Sensor FuTuginsaifsidoenisins
Fadhiuneuamesiile 1ifudeyn sekesrimgunsaliininsdyguezunenaingilngel
in5eeia wiiludygruasaeniie 1yl luneufiuaefieriman Idsum iy oz
Ussaanaae’ly §ufueznanfsonzidon faiauan? Tves A/D Board (DAQ USB-6008)
ieansadies g a4

)
>

3 AL N mi +5 V)
€ Bupply
: I s
§ - PFIOD @
3 N 2
gm USE Microcortoller g
b _ g
[ sy.fcgtj")
— -t D¢
AN
% (s
g
T twose I{)é
4
—— > o [T )k
N

AN 3.10 DAQ USB-6008 Block Diagram

3.2.1.4.2 B2M1ABNDUYA (Analog Input)

2uUNA THuA (Input Mode) mmmﬁmuﬂ"lﬂ” 2 31UV A9 Referenced Single-
Ended (RSE), Differential (DIFF) umnauﬂnmﬂnﬂ 16 soadayaa fuiums set v DIFF o
TI9unaifiod 4 Yo9d®yn) W Input Mode Yustamnss set uAnzFoadaygy 18 Feiaemerney
1@ Input Mode Timilounumn soedyn i 18 iwu dus11dus 12 Yoadeygnm 15101992 15n

il DIFF 4 oadgyny ol uaz setiiu RSE 8 voadgygruila
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@1919% 3.1 N5 Set A1 Input Mode

Configuration Description

¥oadoyay1ui SET 1ilu DIFF Mode vz 14y qaiezuinansuns 2
A 1] o =
DIFF u ¥9 1 fuaefudunavInlu programable gain instument amplifier (PGIA)

azdn 1 1fuvzAofiudunaauves PGIA

1 L H o’ =] A
vosdgyouil SET (ilu RSE Mode 92 19dnyqnaiezinnendunn 1 §uds 114
RSE udenusunALIN U PGIA 1nzdn 1iduszdeAuBUNAAL Y09 PGIA 92A

2L UINBNNT1IA (AIGND)

- d
3.2.1.4.3 dUNAITHY (Input Range)
»
o o A& oy o
31U Input 151’1\1‘5’)\1‘]]')ﬂ!!ﬂ$ﬁu !‘Wﬂl!ﬂﬁﬂ‘ﬂ"lﬂﬂzll'lﬂﬂﬂ!ﬂuﬂ‘ilﬁﬂﬂﬂ]u'lﬂ 12 1e

A1TNA 3.2 1EAIA Input Range

A19197 3.2 Absolute accuracy at full scale, single ended

Range Typical at 25 ' C Maximum over Temperature

+10 14.7 138
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15191 3.3 Absolute accuracy at full scale differential

Range Typical at 25 ‘Cc Maximum over Temperature
{mV) (mV)
20 147 138
+10 7.73 84.8
45 4.28 58.4
4 3.59 53.1
195 2.56 45.1
+2 221 425
+1.25 170 38.9
+1 1.53 37.5

3.2.1.4.4 BxMIARAIBIIYA
» 4
gunstidrfilivesdygu sxuneneHIRATIMLA 2 189 1Az 1915
P & 4 i oo u‘: '
aside 5 v ¥ feyafiszgnuldsunindlaeniuezinnemiu sxgaulashlegiugy 2’

Complement

3.2.1.4.5 Adnen duwa/eMNA (Digital O)
o o d’ ) ] a & o o v oA
gunsaidatiozll 12 Yeadagudan wesa 0 ldidui (DIO<0.7>)uaz
wosa 1 sxlfidud (D10<0.3>) BunAnssduAIvzey 52U -0.3V LAL 0.8V BuNATIAY

qeogfiszn I 2.0V Unz +5.8V 1D WATIAUA 8GN 0.8 V IBMKANTIAUTI0ZNINAI 2V

3.2.1.4.6 doyavialy
- OAI1NT sampling 10KS/s
- HIUABAUABNANABT HIUNBIA USB 2.0

- 14umaenie I Aruee USB (4.10 84 5.25 VDC)
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3.2.1.5 Tsunssdinnizy waz uaaananiansiiln
¥
TuTaseanutildTUsunsy Labviews uazldsunsy Madab7? lumisi@eu
TUsunsunaaswans MAnudimadudeyamiinrnqumsidentesduaniuazns

Uszuana

WL com/labvie will

2 2005 Natlonal Instruments, Al rights reservec, Yersion B.0 - Finishing Inktiskzation

AN 3.11 uaaamiausnueeTUsunTy LabView 8

TuTassnwil Mdvhns@euTysunsuTasnisTsunsunduassya Ao
= A o o e d L - ) P
1. yamsdeuldsunsuems fudygiaaziinsnuiuiindeyadzssnevdie
[] k4
vden laszunsunzuansnisne 1 Fnuileidundng dwe'luiife
- HanFuduna DAQ Assistant Hmifiedefudunalaoill NI-DAQmx 1y
4 1 1 o A 3 L]
driver {¥OUABIYN 119/ DAQ USB-6008 inz TUiunsu LabVIEW 8 dsezsnmissudunadn
N1 2 WA YY1
- #3A%u Filter iiovn 15T vuASuAZ A T Ty 0
o o . 1 £ - d o &
- HaFu write iudunilsves Tsunsuiesnmifiuuiindoya rite
il s winSe Tulsunsude

v ar o 4 .
- ﬂ"J‘I,H.IENﬂ'l‘i!Iﬂﬂiﬂﬁﬂﬂdﬂiym'lmﬂ'iﬂ!‘ﬁ"llﬂ HIVSHAAINTINLL real time



43

*, urwrena v Frone pases * :
uutrtmmuhb

ot " Feqsme , ) <

a4
23]
]
21+

.
§
-

wiep roeut

WA 3.13 1LAAS Front Panel Midudiunaasnaves Tusunsy

4 4 o o o Qs i o o
2. yalisunsuemsifedins idygwisudun sindeyas tdimsiudia

] o
1 IBid uTisunsuyadiusn vinudenlaezunsuesiifansunisinudade i
- Hafidu Read fite ilumisirdoyai Idvnmiiuinsiudusunadeyarite

1 lduaann
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- #efidu  Fourier analysis MudiuvesTalsunsuiiozinisasisaeudeya
InHIAFU Read file 1AZINTIATIZH Spectum ReMHAABUAUBIVBIA LTS INTD M
azlszion

- HafFunrsuaasnn !flufhuﬁmmmﬁmﬂaTﬁﬂmmmﬂmf]u AUN

Front Pancl

< U o e s Dby | rauc fde? W) sk Bl &
Ou CA Po= Pucl Dy Ik Brde b

[T » (MQUERIE . [rimem s VBT 4 .

Fﬂnmhunnﬂmm‘

o o & - o or
Ml 3.14 vienlaezunsuvesyalilsunsmienisTinszdn g




UNn 4

msdszaadeyan

' o ] . o’ P o a 1
MIgUAI061 (sampling) 1Tunszuunsuasdygudaduiledduvesdanilsde
r-| o & o o o v & d’ 1 P . 1 ot
loududygradaiiuilaiduvesdunls hiderisaluumiissnaninisguiedadyayn
naweriiewavuaadFituiddygradunuuniddida (band limited) 51ensoadis

ot

ﬁtymumlﬁ'uﬁ‘nﬁmfumclmia1nﬁqati1aﬁq'nt‘Tm1ﬁ1ﬂ1i'q'nﬁ’aué'm‘lmhaﬁaﬂfrmwiwmmm
fqee ﬁusiq‘a;j‘iuﬁ'tytmtutfmﬁamé’ﬂ«ﬂﬁuuf'fiytg‘lmnawianﬁami‘luﬁmmmnmuﬂm}u
e T amsalszinalasszuugdnsaldwyidedanlseuneniiudsaea uaznasaiaen
fuswnen 1dnd1n0en1s$1aes (Simulation) szvvewtasn Tasldszuvisasaniessuy
f1 (sampled system) 3&\1‘mmiﬂﬁmsfu1'1ﬁﬁ’:~1‘1uTﬂmunmunﬂmuumm?imsriuﬁ'mriw
alaasuvesdygananduieiulamuands 1imasinisezideaaliasing) TuTanm
nandudraiunaidennnnnsgudesalulasmumnd Suillgnsulandefidusae

: , 4 2 4 dy N an
(discrete fourier transform (DFT)) Fuilumsssiiondwoymnluamlszianadyyuaiaen

¥ o 1 o ¥ 4‘
4.1 MagudedadyanuIawisniedlulanIm

4.4.1 samtsewmeniiluadnea
] ar P - o g A 8
i mugvesmisAnuusIfusTULTIWDINTTIRT T LA BRNIULTE ULNHB AT
[) » ]

TldszgnalFlumsdsznadygnu  ndiissnndyganfeuianuaimiauladudyon
owaen  lunsaimivenzvunandusranlfinuszvunadediss niedeimuiis
pounvuszuy Ifaansaiaulsznadyanaldmiioudu  Aeudunsuiludsaniiou
o v oAq w aa A W o v = o o A a -
dgynamail ieglugdataeafenasl iiueglugdimiuduesamuniinauaz B oadh

Fd »
§1fe duneumsantiumsilisendt nsulaseuaeniluatnen (analog to digital (A/D)

convention ) Tag1¥g1nsaifiFond1 Aaulas A/D (A/D converter (ADC))
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Tumsdfiianisulas AD sxilsznaudronszuiuns 3 9u Aanmd 4.1

AJD Converter

(—— - T - - = === == 1!

;
x40 x(n) . ein) | 0101L....
—‘—}-—b- Sampler 1 Quantizer > Coder —:—»—-

] i L |
e e ——— J
. Analog Discrete-Time Quantzed Digital

Signal Signal Signal Signal

d‘. 1 4’ @
7NN 4.1 dutsensuiugIuuesaauilas A/D

oo 1 . [ + A [
n. MsENAIBEN (Sampling) iumsuilasdygnanadernies udygrunauiy
L) oF o r F T A A 1 or H
$231A8AIA10619 (sample) voadganunnuusisfiaafiniiu &1 Xa@T)=X@) e T fio

r o r . . o A
ATUNITYUAIVYN (sampling period) AINIWN 4.2

fygneLansan ul) ﬁx \ xn).= %, (o) » Fynemaiiug
f,-- 1T
g
- .r(n)
MY - 2,01
) 4 xin)=x, (0
A
y I] h‘m-- ~.
[] t O] L1 5448 T MY n
. Tl T e T it 2 T

v »
AN 4.2 nquiyguewiaenudnuusdiniy

o o . . e o t A &4
v. nIau'ng (quantization)  HunrsnfAsunindyyrunardeniosdse:
FonIdyaugu (sampled signal) Wudygrananiurrunaiiugig A3aea Avesusay
ar L] L] [ 1 -i r. ] Gi qio o L
dednesnvesdynuezgaunu Tassfidenonamuasirdulyldnsvanimuandas
1 o ' e v o o [ L4 ] [ < L= 1
senindredsiss hignaiu'lng X@m) Auemiynigaaiulnduds Xqm) wiFendmny

s o o . B
HANDT1AUDS ﬂ‘liﬂ’mlhl'-'.lf (quantlzatlon error)
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A, n13iuTusHa (coding) 1ANANEY Xq(n) WYNUNUA TR INTVBUAYFIUTDL
AT IR T}

¥ QF L} ar
4.1.2 Maguded19dRRIU0IADN
vt lumsquareduendyguewiaen uais e Hivan s Ao RBINTg
3 g 1 :’ ; . . . é 1 o L] J i [
quiteddimunTeminane (periodic or uniform)  Finrsguddeinuuuiiiuitaldiu
= o owo o [ ] - o @ o o
winfigalunalfia Fensquaredwawnsoetuinlasldniuduius @nvdeausnnin
o
N4.1)
—00 < N < 00 4.1.1)
A . 1 o < o 1 a = =
e X (n) Wudgyapananiugeildendsdied dygiueuaen Xa() yaq T uii
NN T AINAIDINNAANUIZITONIINTUYBINT  ( sampling period or sample interval )
uazaunauveuin 1/7 = f5 9250031 8A31M154N (sampling rate, 1iusmouArInd19dD
= ] F-] a ] . - L4
IUIM) HIBAMMWONTYN (sampling frequency ni‘lumw)
1w19@euaunis 4.1.1. Tugil
X@(I)=Xa(t)p(t) (4.1.2)
TagoziFon X_ (1) 1uilud ' ling signal) 341891 (u Xa(r) Tauld
s ,p YA MUY (sampling signal) ¥ 1AMMTAN Xa(?) lay

A1y BuNad lugANA (ideal impulse sampling) AINTHA 4.3

=Y "'"“ Impulse sampler
< o () o an B
TTTTTteeaent] T
_ xep(®) &7 p(t)
ettt
T | o
|_||1|I|H|[Hj

MNA 4.3 uaaImsiuiadgg gy
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»
1 P(t) oxAutialugy

p®)= > 8(t—nT) (4.1.3)
Fou iny P(H) 910 (4.1.3) adluaums 4.1.2) 1214

X (1) = Xa(t) p(1) = Xa(t) i ot —nt)

n=—aw

= Z X, ()5t -nT) = Z X, (nT)5(t —nT) (4.1.4)

n=—mw

] » []
Autaaslunmi 4.3 validgonu Xg () sxsznevudas nizurumsduRadas
1 s dv d. = J d’ é ’ 1] ol L 4' ﬂ’l’
FTEENNIMNULAERUARAY UYL laumz il 1= nT szmiiuaAIveq Xa(t) nwmsuuis
aunsammdaaiy X (@)ves X () Taemsdnnumsudasyfofvesannis 4.1.4 M

msias Yifed X (o) ves X (@) amsadouluzl
X0 - X()

iWesnn X, () gouaaslugnaguuesaesiladiuvestat Taedaunsulasny

- o o o
Gos azldmsininaGed X, ,

x,, (@)= x,(OP(t) > x,,(0) = %xxa (@)*P(a) 4.15)
uazmisutasiSuives P(r) Ao P(w)
P(f)=386(t-nT) - P(0) = %”i (0 —ka,) @.1.6)
dafu ; ;
%, (@)= é—n’x @)* 2~ Zx (@- 2k—)
- %;xa(a) -2 %) @4.1.7)

4 ] r. ¢=
oumsil 4.1.7 naae IMifud X (@) tszneudiesdimudues X, (7) Hgnmnavuna

o

&0 1/ T uasieddud k(k =+1,42,..)
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4.1.3 NYYHNIIGUAIDE 1Y (Sampling Theorem)

desdudedudygmnmaeiies X () fansnglugnvesiaedeiiisiduesnin
uswzuu'“lsx‘lﬁfimﬁ:v"?wnﬂé“uagjﬂmﬁ'mﬁm1mnﬁﬂﬁ-§'u (recover) ﬁmumumnmeimﬁmi{u
wlmifimiiousy X, vngavesdretaiiguunld Tuaums @.1.7) A eIy
medwsniudulsddglunsmidoulvdazi I iinsgoydeanzdinan  Taod

#nsan X, () dludygruntionlaaduuuusiauounind (band limited) 1iude

x, =0 dmiy |o|> e, (4.1.8)

4 4 d

o i A t A H
Awanslunmii (4.40) Femnedaez hifiesidszneuniud Aenwigendt o, e X, (1)
L o L 1 - : o 1 i ﬂ ﬂ
anqudleindsnvesn e T dniuanlaady X, (o) lugrniudion -7 i 7o

midoudu X (o) M

@
. :£>a)M wie I'> - 4.1.9)
2 T @

o * ] »
Tunsditioz hiifiamamaeuvesesflssnoumilaady NAatu (MWH 4.49) uazis1au1sn

X, (@) e#onnn X (o) eiuniusulasldreesnsesmwadiniinmsnsuauesviigh
mnzay 1wy |H (o) =1ile |m|5% uaz |H(@)|=01ile |o| >% uaduden T IANTINIAA

& ™ P A S A4 ' a 44 o PR '
MIMANAAINTNA4L.1.9) MsmdpudiniiosninasquiiedashmduiuliviTlidswues
o O el J L] - - & é L=} v o3
minasudahl Tudnwazilos liswrrohdygudundviuin 1 usiSeniifanisuds
1 »
AUNINIBAANTONTBZIAUATA (aliasing) iHetloaiunisanarail muvesnsqualedn T

Avsnoandesnvaunsteu'lv 4.1.9)




X, (w)
- {1 w w
M M (n
ms>2mu xsp(m)
-2% ; I x x >
T F T T @ °
Us‘fsz 1xap(m)
T T T T ON
i
-x % =
T T W)
Mni 44 0) dggrudivauounud
& J ’ o 1
v) anlansuidlequiaeedin 7 < 2
mM

o ! Y T T
f) anlaasudioquédiediedin 7' < —
Dy

[] 1] »
3) mymAeuvesaaaiui iddygnun 1dfafou

50
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. . = .
4.2 Tasuaa (Time Domain) tazlnmun11u (Frequency Domain)
4.2.1 ailpaTy (Spectrum)
= e = [ P o o o
s Ednunvesdygynsine fesiumsuendyaueenidussfilsznay
Aud (Gaed) vesugiaduvesdaanuzduilsdFuvesin Taanseadionis
- 7 A ' S . . a .
ANAMAATNGINI1 oYnTUYTET (Fourier series) #azn13511asyi3u3(Fourier ransform) 2

U dnseddyn i

4.2.2 1auu1291 (Time Domain)
w Y o o a @ M o W
dnvazdumizvesdygnuIdth Afle vuavesdyapm (pszua, usaRuniemds)
v L 1 ar ) o, é L]
uayglin (Shape) oy gUsnessdygmamisoetuield 2 33 wilsflenisfmua
o g s é o/ Qs
swazdeadnuuzsuwzvesiuluTamunaidezniuvinavesdygyiauduilsdduvesia

W

o o o a i &
Llﬁzﬂﬂﬂﬁﬂﬂ1ﬂ'I;Iﬂﬂtlﬁz!ﬁﬂﬂﬂﬂ‘hlma‘:01lw1zilﬂﬂllu1uiﬂmuﬂ’nllﬁ '-'wazluuﬂﬂﬂzlﬁﬂﬂ‘!lﬂﬂ

]

o <& i d 4 o o i o
vuaiazia YaITYN W ‘D’d“ﬂﬁﬂ'ﬂﬂﬁﬂﬂ”] 111mﬂﬂmwmmgtmmﬁmmwmsm1

.7 9 7] ] d’
n1598 lu Taunal wenludnyass uwizvanil
[l 3 1 [
n) AU (frequency) fie dasfigldygraniadgrlunainnudezdmualugy
3 :‘ d' = J é .y I | T ] = o -1 [ d' o d'
Sraunssimavuluniduiniuaz1dmiaei @sad vztudiniudvesdyginlunind

L3 :‘.'l = da
4.5 uay Ay lunimd 4.5a vindfindsamnan

d‘ - <
MAN 4.5 dgyuglane
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) at (phase) winilalumsfSoufoudyguredyyio dafinduazgalsn
milounu fie ﬁmsmn'1miq'ivwmi‘i’tytmmsﬁmfuﬁnanﬁmﬁu 3o dygmnitaiisnngn
Foygamils amnuanauna duaaddunmd 46 nrsvsfussnaasiludauvesnty
(period) YOAF QDI dnvesmuihzuaauiius@ounsossmn deafiuvenisiuiuie

27 15ABY Y39 360 IR TNAIPL

v
Vz \"
l , M M "
| R/
:L"(""'Q'.'-‘ —— - - P e

mwi 4.6 anuduiufidavesdyanugtain

d'l o [] A A of T :‘ A ci. v &
f) sURAYU (waveform) duFusrsnmdsumumudadyn i lisdsitiauleds
Findygands T Sasudsansonans TasHadFunsadiamanina U vy dygow
o o : = A | E o 1 o I n‘: 1
w1ev Aetius ez 185 warBeannafisunodugalsvesdygutusrnaniudus i
anunsadmuadnyazsunizessdvanan misuudessFursnrsudsvesvuiafiy

oo a 3
ﬂqmm'umrmﬂmwﬂzlﬁ vAINNUUY

4.2.3 Tauwuanud (F requency Domain)
al ar o ot -
anyaurdumzvesdyan luTanuanudznraslugdussdygruannt Fuiouan

Auseidggadimiz luTamunar mileudududygradfisiddednm

4.3 msgudeadygnamanivnadulamunnug
o o =1 ar T o nq:i. ci a
s e wiverdyapanaiiusisTan)nduaziiuitiazaindiqe szaszi
Taelddnlszuindyn 1madaon (digital signal processor) Forweziuneuriunesioun
Uszasrioundizasanieaiaurintasafignesnuuunnduiimymsinisinszianui

dedgygananiiugi (x@)} szulasdmudluTamunar liiduasonuluTam




53

=] ar é L] L]
anudimuyadusaih laensidmsulaaifel X(Q) vedinud (x(m)} edelsiaw
[ ¥
H(Q) szilufanfuraiiiosvosimdeaniuey iazainlunisdiuen
»
Tuiadeiisesfivsanmamu Snaud {(x(r)} Tasdretwwes X(Q) nsuny

W
dnyanzil ot llg maudasyiSesidugaa (discrete transform (DFT))

4.3.1 msgudaemanaznmsaddmidygrananiudislulasiunnud
iaedr1d9 dygralidmundanuiaslinnlaasuiideiios Jygimdena

wdimsulasyised

X@=3 x(me ™ @3.1)

n=—u

-’ T [ L) T .’ cic: c; L] o =1
AUNATWINGUABEN X ()  sosiuluanunnnimdrieny  AQ  siReu
[] -4 ¥ 1
seHINgavtunaanumI 1z X(Q) snwlasiiaw 27 antudisd i lugimnud
-: 1 : A '] , Ld ¥ a i ’ 1 L. L]
Hugwintuisuiiu ienwazain sudendregresdmiau N fivamg fulusn

0< Q<27 Taoviadu AQ=27/N awaaslunni 4.7

X

X(kAQ)

1 -
- 0 kAN x  ~AD}—12

:; a o t o oas M 4
NN 4.7 ﬂ'li!.!ﬂﬂdﬂ!iEli‘ililﬂﬂ'liilﬂﬂ‘]ﬂﬂ'lﬂu-iﬂmuﬂ‘]'lllﬂ

A5 MIMaNns 43.0) % Q=27k/N o4

xliZJJ\z'fk}= Z x(m)e PN k=01, N-1 (4.3.2)

n=—ad

Frasandanauinluaynis 432  IJunauingesdueiud lasudazpauindgay

sznoudie N mey

27k = , N-l _
xliT:l = .4 Z x(n)e—ﬂ:rk.’N n Z x(ny—ﬂnk.fN
=0

n=—N
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2N-1

+ Z x(nk—}'lﬂkfh' +

m=N
0 IN+N-] )
- Z Z x(n)euﬂﬂk."N
I=—0 n=IN

fusulasudwil lunavrndwluein oiflv n-IN vazaduisusvssmsuinee i

N-l] =
x[”"] Z{ 3 x(n— IN)]e (433)
N n=0] l=—mo

dMIVk=0,1,...,N-1 Ty

x,(n) = i x(n—IN) (43.4)

I=—0

47 o ' o o y = & =
1214910 x(n) NNV N AI9879 AU X, (1) ﬂzmmuiﬂunmnwugm N Hana

fio emnsolfeynswuyiFes

2;1

x,(n)= ZCe ,n=01,N-i (4.3.5)
TaofiduszaniyiFed
1 72 ke
c, =F2xp(n)e N k=01, ,N-1 (4.3.6)
=0

TasnsnlS ooy aums (4.3.3) fu (4.3.6) 15a51'1871

ck=iX[2'£kJ k=01, N-1 43.7)
NN
ATy
N-l .2:r
¢, =L X[2—”kJ ¥ p=01.,N-1 43.8)
Nk»() N

»
aamduRus luauns (43.8) shildounsoadnin dygrusww x, () on

fedwmtaaiy X (Q) etelsiawilildmuneaiwd mewnsoiindy  X(Q) nie
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s 1 as y A 5 o = o @ o o 1
x(7) ndleaAInaINe IAMUISe  1519zdeafinnranaudunutsenin x,(n)unz
x(m)

o a > y 4 s
W5 x,(n) NAB MITVEIY x(n) Tudnyuzdmumuaums (4.3.3) sz unamso
W

11 x(n) AAUYIDIN xp(n)llﬁ drmn hifinsezidsaluTammunaniufed x(n) i
o . .. - g ' w o & - - EEr
9I0A (tme-limited) G4UBUNNATL N Y8 x, (1) AINHN 4.8 FUTMITUIWAIUTALY

r o L E& ’ 1 L3 . d‘l
FININA x(7) m‘lmﬂuﬁurﬂu‘m 0<n<L-1vdunaiuinie N> L
x(n)=x,(n) 0<n<N-1

W
Tunsdifisiannsotii x(n) nduanenx, (») 1Redbidnam uddr ¥ < L mrwzhiommnse

L r F 4
11 x(n) pavIn msvgsmuvsaiunissnainansezidealulamunm  duiws
k4
aansoagl @ hanlaeduvesdygabisinuuaziisrinmida L awnsagatinduan
o ¥ o o = 2” > o A da ¢ ]
21NAIDY NUYINUNANND Q:J—v—k h Nz2L duseuduiiumshfie hnmsdm

x,(n),n=0,1,.. \N-1 9107 (4.3.8) AU

,0<n<N-1
x(n).—.{x"(") 4 (4.3.9)

0

!m:qﬁﬁw IIRWNTORIAN X () 1nauns (4.3.1)
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- “-:”“”,L" n
z,(n)
Al e .
x,(n)
--'n_lhm;hlullhn”"‘ .

v [l o
i 4.8 uaaadgygw hinw x@ fien L uazmsveseuiludygnudiany

4.3.2 mamlaaySandutae FT)

v v v 9
TuideiduusuieadessumsquiiediluTamunamfvesdyg i hise
o o o R Ad 4w 2r
WaMUIINa  x(n) Tavm Tddredeaudnamidu X TV_k k=01_ . N-1 9
o ¥ o 4 o ro o @
mansounudgygududuia x@) Tdnauade x(m) o s damazaieas
d 27 : ] ’

AD X [Fk) wnNedaFmudHnY x, (7) ffinw N e x, (n) Hunmves x(n)
[ ¥
fignezidoe aelduans TaennuduRuiaunis (4.3.4) ude

x,(n) = i x(n—-IN) (4.3.10)

j=—o0

[) » »
deFimud x@) T¥rnmdia felinawen LN aniu x,(n)fde msdan

ved x,(n) Tul A Amualae

x(n),0<n<L-1

xp(n)={0 L<n<N-1 43.11)
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N [ ¥ []
iy ndeadiAe n1s@ugUE (zero padding) lai ldv IMiRamszRfualaay
X (Q)voadinaud {x(n)} unzyn1sA 1m0 N 98 DFT ¥8eF1aud x(n) 1fen1sHinn

Frogranuiifiviaving fuN voansutlagifes X(Q)
X(ky= X[———k] Zx(n)e L k=01.,N-1 (4.3.12)
1a1311e10 N-19 IDFT (inverse)
J—-ri(

x(n) = — ZX(k)e ,n=01.,N-1 (4.3.13)

4.3.3 ANNFNRUE sz DFT dumanlasduq

as o o e S o = 1,”
n) amduiuifunisutasySeivesdiniud i

W [
s ldaaddfiiundan &1 x@ iudeoudhismundouide  AlnsudasiSes

X(Q) %agﬂtfnﬁ N Adfivie fu Q, _%k- k=0,1,...N-1 sasitlsznouanlansy

- _pm
XEX(Q)| =3 xme ¥ k=01, NI (43.19)

=N =0

o a o o s 2 o a o
::!'ﬂuﬁllll‘izﬁ‘l’l‘ﬁ DFT Y03¥IATUSEINIUVIURAIL N fn“uﬁiﬂﬂ

x,(n)= i x(n—IN) (4.3.15)

j=—xn

13eNsen x, (1) Tasmsezifoa {x(n)} Tugn 0<n< N -1 HInudtiwadia

x(n}=

{x (M) ,0<n<N-1
(4.3.16)

t s ar L& o = .| t o o o P
leulillﬂﬂﬂilﬂU‘h’!ﬂ'JN%ﬂNﬂ'lmﬂ {x(n)} HONABDINIT x{(n) UFIIIDIVINA UAZTUAING

& v 2
L < N Faduiuosail

x(n)=x(An) ,0<nsN-1 (4.3.17)

¥ » w []
Agens Aiv v NIuH IDFT v09 (X&)} sz ldSimusduduila {x(m)}
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NV o VI ) o o ar * ' ) =
v) AwduRusfudulszinfoynsuySesvesdun unadaissauuii 151

. » »
x, (1) Audygpunaideiiosia Taslinufiugm

1 o -
T, = — mimnsauansdyg i lugdeynsuyiSes
0

x,(H)= D c e (4.3.18)
k=—mn

e {c, }dudunlsziniyFof Susiqudind s x, () drwdasimivaue

f.= Tﬁ = % vz lAFmndnaniiugae

P

a

N-1 © 2x
= Z |:Z Ckﬁw}J v (43.19)

k=—ow| I=—m

x(ny=x,(nTy= Y ¢
k=0

vzt 18 dadaunis (4.3.19) oglugll IDFT iile

X(k)=N> ¢,y =Nc, (4.3.20)
l=—m
naz

[=¢]
€ = Z Comi

j=—

iodnud {c,} ilu {c,} Wexidoa

43.4 mainnevinudvesdugalanly DFT

Tunsdinnuaalaafuvesdygunmdeiies  wisnandusiusdesnisaives
T niiyanar edielsfamlunnlfidsmmnsadunadygu idifssranaiiidana
-] - A vy a LV S
Aawmde s lAuadn)synuvesmdaaiueindoyanisufinfidria

hrdgrafisdesmstinid udyyiveuiaen Guusnizdes deudayn i

: v o [] ar 4 L -4
29950599 antialiasing vIMIUTIGuAIeiwd1das1 £, >2B1ile B dlunpudianues
W

w 4 i 1 o E '
dygounganies  Avluanudgegenusigludganuiignquie % gae A2

Jaqilszaet lumalfidsnzdriadrnawesdynueglusie 7,=L7 e L fu
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daudedinas T iWusinamsgusies iwusfuinsfisuedygrunfiosuiios

L - o o ¥ - 5 ‘lj o
Fnmdiia deliinadediiasenisuendavesniud (frequency resolution) UMD vz

o A ] 'd Ad o ] g} 1 1 1
'i]'lﬂﬂﬂ'«l'li]ﬂ'lll'ﬁﬂcl11ﬂTJ'!I.Uﬂ‘Hﬂﬁﬂ\iﬂ\‘lﬂll'i:’;ﬂElllﬂ']'lllﬂ'ﬂuUﬂﬂuiﬁﬂﬂ')mﬂuﬂﬂﬂﬂ'] —_=

T, LT

£ - P = a U
W {xm}urasdimudfdesnisinsednsdifadunawesdinudiies L dedn
Tushme 0<n<L-1 wmuyadumsgn {x(n)} Aromdhdndmaoudud (ectangular

window) w(n) fillA2 eI L

fufe
x(n) = x(n)w(n) (4.3.2.1)
!ﬂﬂ
1,0<n<L—1
w(n) = {O (4.3.22)

»

A ar A o o A a
VUSUTHUAD BAIUY x(7) ﬂs:neuﬁwzﬂmwummﬂmm

x(n)=cosn (4.3.23)

ﬁ'ufunh'mJaoﬂu?a‘fmm%mm%nmﬁﬁn {x(n)} aunsouaaslay
X(Q)= %[W(Q—Q,)+W(Q+Q,)] (4.3.24)

. o
e W () dlumsilaayiSuivesdinaudnrivin Fuiy

Slﬂ( 5 ) - JOL-1)
W{(Q)=—"e ? (4.3.25)

=g

Tunisdan X(Q) ¥ oFT Taoduguddiiy 2(7) Swam V- L sawsadunn
N A DFT voediniud {£(n)} NignAmies L qa 310 4.8 uaasmlaaduvnniile L=25
Az N = 2048 sunanlaafuhgnldwindi X(Q) oz'hiegmwiziinawiide: udoz

; Y v ool i o a‘: o_ o a_ & ~ &
aszneilosnndviie i l)aaeandennud  daiuidevesdimudduduila {2(n)} ¥
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;] & a l.] [ M o oar = 1 o o o e
ueghinmmi@en IdnszneTasmivligaaeadidoaamd iswenimdsveaiuiieen

. o 4 y CL
(leaked out) [Nganaafiden1Wd YsingmiseitienFendt M358 (leakage)

Magnitude

1© v & o0 o
% L) 1 L} Lo 1 L]
L L

!
"

0

win F

Frequency
4‘ s J =8 - a
ANN 4.9 mﬂﬂmwmﬂwnmmmmimmmiﬂ

[ o [} L | o 9 o A 1: d..l u'u ] (Y

m3 lambhaa Tunddgayi Idnmsdssmmilaasufiamion issnnnanissaFuiy

o o o . & =] dy o ) o
gansaanIsuenyamUnasy (spectral resolution) AIeoraAdilymitineslsadinIud

filsenoudin 2 aendsznaunnud

x(n)=cosQn+cos{ln (4.3.26)

Wedadnud L drea1auide 0 < n < —1 alaasundaninns lantheefie

X’(Q) = %[W(Q—Q,)+W(Q+ Q)+W(Q+Q)+W(Q+Q)] (4.3.27)

anlaadu (Q) vesBmnudnihaedimioniui ezligadmgud  (zero crossing)  UsAA

Q:ZT” vzt 10 -Q| <ZL£ aoilafFumiian (Q-Q)uaz (Q-Q) pzimAonfu

= v ' ' 2
Hafinnmide seaduanlaasuly x(z) s hizwsovennrimmandnldth |Q -Ql> Tn

e o Q"J s
15192MU 2 989 (lobe) usnvnAulualaaiy X(€2) autunaansalunisuendadu
anlaaduvesnmudiuanaaiuszgnita Tasnnunilavsseagagaueamitnia nwh 4.9

uassanlaasuuuin IX’(Q)| e Tanld DFT dwsudiniug

x(n)=cos{yn+cosQn+coslln (4.3.28)
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il Q =027,0, =002z nay Q, =0.67 AnmeNVeIhawARen fie L =255 oy
100 vzitudus @ nAToueniuaIwD Q, uaz Q 1dile L =100 dsensdiien

§ T Ib] —
10
6} s s}
=
%4. £ 6}
: b
5 ar
2F
" A o
% -1 0 - - 0
Frequency Frequency
(m @
20
s 15
2
& 10
L]
p
5

Frequency

(n)

M 4.10 malaeSuviadyyIuen (4.3.28) evesiunthdfivdeuiud

4.4 msoenuuulanlteynsuyfswes

4.4.1 nslfaynsuySiwesdiaunaine

o ’ o & o 4 '

anses lufloundutirwsodou l@awaumaial 4.4.1) Feeziuimamemves
An309d10A n3e InTTmaes Diwaudiva 4119 xw) Wudrdudyanaduazld yor)du

5 o s : © T l!'l
ddudygmesn mizreiulsuTunisHad oo 18

Y =S¢, -x(n—k) @4

k=-1
M
=cx(m)+ 2 {c_, - x(n+k)+c, - x(n-k)}
k=1
Teonsiliewsavudld T =1 vazdszgnaldnimmlas vy iedioudlsnvudielau'ld

H(Z)=c, +i{c_,,z" +ctz"‘} = i {C,,z"‘}

k=1 k=—M
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H(w)=c, + i{c"kejat +cke—fat} = i {cke_lmk}
k=1

k=—M
ffnsansdidnseauumnnaiguis ¢, =c,
M
Hw)=c,+ Y c ('™ +e™) (4.4.2a)
k=1
M N
=¢,+3 26, ({er* + e} 12) (4.4.2b)

k=1

A
H(w)=a,+ a,coswk
k=1

[]
]

= b
Taghdmual a, =c, uaz a, = 2c, uaz k=¢

4 o a1 a t v a = 1
wadi Id9naunis (4.4.2b) Wu'lddadn dnsedhiffeundufunvefinaunasgiu
= - = A [ =y

awrodsueiueldlasld  eynsinfSiees  Mulszneudedudszdniimmizwou e
-4
winiuuaz midulsz@niveseynsuyiioed a, awauns (4.4.20) teiumdulsedng
] =4 - d A o o q’: roa o o
avinasgarnsnleumudis oynsuysived Almwzwnlnniminiu uasimdulscdng
221l uA 1R UAN N (imaginary) 17110
t:i::y o ndd’.’ < ar Y o‘: °
AfluguanmsesnuuyTasiti TaelnAudanisesnuuudnsesdyganiunssi
Tasmshimsilsznunsiddnsesesnuuuiinansuaussnui ld1ndiResty  woapey
aussgaund i 4.10 unfige Tasawgdl w, 1JuAn1wd@n (cut off frequency) 910
HanaUAussnNdRAURd A, (w)  awwsonszaelfeglunnivelasmnailasnis

UszgndlfnrsilasyTwed 1A

H ;{w) 1
- T
¥ —W, W, Ks_
2 2
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H,(w)= Z h,(me ™ (4.4.3)

A=—o0

[] 3/
Tagflunsdifinnmouauesduwad 4, (n) m'ldvn

wi2
h,,(r.:):zi [ H,wyemchw (4.4.4)

—-w/2
HADINANNIT (4.4.22) HOADLAUDINILD vouAInsod lutlounduFauauilu

M
Hw)= 3 ¢ e’ (4.4.5)
k=—M

: a o 1 H @
WenlFouMeuaums (4.4.3) uaz (4.4.5) wu'ld 1 vomeuausInudYLIAINTDID
Infifivananouaues gaundianiio A = o udlumalfiraduly 8o Seins dadats
(truncare) 8y nINYTIoes IHmdeninduilu uazdald

¢, = hd (k) (4.4.6)
Tﬂaﬁ k=-M,.,0,. .M aunnuemyssdnies N = (2M +1) ‘f?d M= —(H;I)

NN 4.11 (a)-(c) TAuaAInans UaupIeundgaiionSoudounsdl M=3.5 uag 10
AWAIAY 91009 3 HaRBUAUBAEUNTgATUNAITUI §1 M nTe N I mnlinavih 15
-y - = J
1) wameuauouweundga IndifissransuausgaunalIniy
. 4. & < 4
2) $waugnaiu (ripple) 10y Tashintuvesgnaduaans
< & a ¥ 4
3) HAABLAUBUIBUNARATAMINNYU ¥T0 uTNUAININRARpLAUBI Ao

o . ' "
vnamile liidtumlndqud n3e Supd1 wovao e (Transition Band) nnvag
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AN 4.12 wnasvausaienndgadiivdinses hifloeunduFuay

P E -, & o & o A ad 1
UsngasaiivSnulndyanlfsunnueundganiianiluguiiiaigaaauiiveisond
¥ o []
U51An150iAN1]  (Gibb’s phenomena)  mailifiasu191nn1siinaRsUTUBIBANARAUNY
-~ -] o ot é o 4 1]
AoeynsuySiwesnudiife Fanuredegrunudrsdvyesiladfunrudusinisunia
° o ot F $) ] 4 [
(oscillation frequency) MU fadwFed vl luiganeinaswozunduaseldaru
o IR} v o4 o o A e =, o 1 tg
nsfinaaeuaues hirdsuninawmils guiiuivulafaweudfousiudunsizransy

A o o - d o d e oo
ﬁuaﬂﬂ'ﬂnﬂﬂuuﬂﬂﬂﬁlf]u!i‘nuﬁ']f]!wafufu‘]mﬂ'l11]ﬂ%1u?uﬁ‘lﬂﬂ'ﬂiﬂ
M

Hw)= > ¢, (coskw~ jsinkw) ‘ (44.7)

k=AM

é J [ o e ot [ d.
¥ How) Uszpeviunindyguanod uazlamoisnauidansiuiu s

o/ e : L3 L é r 4
gugevasdygraezily Mw aniudygwluTasunar srnm 7 Fafluswnai

Fyguozdou 1S fgmiu
T=—
M)

(4.4.8)
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-& o T J v = -
aaru 14318 M wnau senasusifozuavag

Tasia lluntseennvudinieshifleundufaunvsidosnts (n) anduougnadu
d' = b H r J : ﬂy L] ar
Teoiigauay () Iliswoalfeununy Feisaededl limunsori ldnfousude &
4 A ﬂ. 1 J o 3 = o 5 - L v
aadnnugnadu  wounldsusminhedu  duiulumseenuuudesuiludeadensdielasdig
A A : y 1] s L o o 1 L
nilagamsaanana 2 dedlezl&nanlumifedshl dmiumsesnuvudinseshifleundy
L4
Fuav TaeiTivousynsuTwes enagiiluduaeuldde
1) AMMUAHARBUAUBIQANAATIABINIT Tasiuan1INDAR
2) MimsduiiniananeuaLeIaunAfon AduHareuaueIduNad A, (k)

3) wenIdnlszdnt ¢, =h, (k)

4.4.2 maaagneauiadlEdniunnes

HoNszaavINAVRIgNATULUKAADIAUBIAND vasdaInses hiffounduauay 151
o [ [ o s - o a = 1 - vog 1
§ufludesanmlasdulsz@ntveseynsuSivesAgndaladslmi  wieiFeninihinisnan
L . an 4 ma 4, ' a o d A
min (weighted) 35 MyaagnaduItnitei & Tasnsmianlszuna wienuafovesgnaiu
H a J = . ] ' o '
RN M 31§ ueiind (barmonic) F4nwidmdunismen

wimiM

A(w)=(M /27) j H(w)dw (4.4.9)

w—/ M

r [ 9
Taof H(w) iluranevaueinudatuauns (4.4.2b) Agtiy

w+mx/M
w—rlM

+7/

A(w) =M /27)|a,] z/ﬁ +(M /Zx)ki_ [a, sinwk /K]

W
W
=a, +(M/27:)i(a,, /k){SiIl[(W“J[/M)k]—Sinl:(w—ff/M)k:I}

k=1

M
=a,+_{[sin(wk /M )/ (zk IM)}-a, coswk
k=1

M
=a,+ Y o(M,k)-a, coswk (4.4.10)
k=1

Fovzitudwad Wonn1smden 141 ffe synsuSivesimenTalmigngudae
Snunuraaes (sigma factor) (M,k) uathﬁ’uﬂs:ﬁﬂﬁ(ﬁanimﬁ’mutuumnmmﬂu
¢, =a, (4.4.11)
¢, =(1/2)a(N,k) a, (4.4.12)
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Taoh cuaz ¢, WueunsuySived dedunamey (N,N)=(sinz)/ 7 =0 W31z 21
mouii N oziifuiugué dnses iflounduBeavammims @.4.11) Seiimevdulszins
2M -1)+1=2M -1 mey nioyadniionilaide deeld (20 -1) & Fmsangnadud
@i ihidinsangnaduTneld 3ulas (window) nuuvikTasiuladinseidondn

Lanczos windowing[2]

A10614 4.1
H(f)=1 ;0<|f]|<02
=0 ;0.2<[f|<0.5

Wddudwlou H(Y) idimaeiguiezdwmumpnasguie a, =a,,

a, = 1127) | Hone'™
= (2/27:)}H(w)({ef"" +e /% }/ 2)aw

=Q2/x )IH (w)cos kw.dlkw
0
1/2

=4[ H(f)cos27kf df

=(2/7k)sin(0.47k)
H(f)=04+ 2{i {sin(0.47rk / n'k} cos 27:Igf}

fusdataromdeun s worl uaz dwom .6 0214
(5,k) =sin(xk /5)/{mk / 5}
3Rz
¢, = 1/ 2){2sin(xk /5) (zk / 5)}-{(sin(0.47k) / mk}

={sin(zrk /5)/(zk / 5)}- {sin(0.47k)/ 7k}
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s

M1319N 4.1 FulsEaNSUeIAINT099INAIDY149 4.1

k sin{(zk /5) sin(0.4zk)/(k) C,

0 - - 0.5

1 0.935 0.303 0.2833

2 0.757 0.093 0.0704

3 0.504 -0.062 -0.0312
4 0.234 -0.076 -0.0178

l:; g -y e A 1 d' [ 5 o' =
Hﬁﬂﬂﬂﬂuﬂﬁﬂ?1Hﬂﬂﬂiﬂ?ﬂiﬂﬂﬁﬂﬂﬂﬂﬂﬂ1ﬁhﬂuﬂﬂ$ﬂ1ﬂ15ﬂﬂqnﬂﬁu HazvuadeInm

TévimsaagaaulduaasBlunm 412 druumunmuessdanseshitloundudauauild

nanouausunmTudU nazrHarauausduNad IRnaad 3 lunm 4.12

W o o 1 d' EY F T :’ Y Py o 1 s ]
YoianA TMUNPARANLBERIIBNNITTI I MINeYnT USRI NgNAaLa1Y A

' ' 11 ~ [] J [] ’
pgn lsfiamyamiudinevausaeuniganldousn 1 T o nntunsenounldsusd

APV & o
pinnyudwudussulunseenuuuiliagilidasnm 4.13

i H(E)

NZUNIN1IANBNAGY

HARBUTUD IANNAA

i L

HARZUTUS 4‘:‘.3.:?:1']11‘-1.131 Iang n:*.::uua 2

ﬂ' ) d‘ o o =3 o [ gy o s
M 4.12 HampvaussnImdilonnlInlmnivessynguySiwesgnarnimindndn

i naed
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. 4 . & . a = & 9
Command window %9Md9zidu  Function dusezinzuanimwiniiouvseniiies
Oscilloscope  aunsauanIzlivvesdyguniudwmazlivadmeglasdszua'ld  ua
s = = d 5 & oA - n‘: [ =S a ] F} o g n‘r‘ P
danelidedainiles Aedgygmfivaaniu hildeuduna uadunsdouiusiuiunid
o N & ° . o o » i ]
Y113 Sampling 1971111 ¥ T1ls1n5092941715 Sampling M0 1 ms. ¥ lddmanawawd 1§uad

' - & o a
AU 191N Fus 150 ¥ 1daT8nn14 18910 Launch Pad nwd 5.1

+) MAILAL
Che E£di visw Weh YWindow —slp
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: oA {ontipl Seacem Toolbox 2 Rl
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—d Release Hotes
— {3 Dexos

B Tatoraals (dagachool |
Cgﬁgmle vzciliescope (¢
o
--Exnple funzticn genecsl
.,.P:onm Page (leb)

| oo\ I'stebese Toolbhne

J‘ :],,A'l'mzrfmﬂ ‘,I‘nmhﬁ\i,,
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»

':l ﬂ 4 ]_h..n.n .W‘-‘IP' (

i o o e -

‘ afx
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et -
test
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s G -
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AThaeeAe N151eUTYsUNTNUY Command window TaAsY #992ga1nNINYY 1A
- 1 1 3 a v oD W o
zasadmuanialg 1Rnnd vegduvunisuaaea n1siun ¥eez lduans iy
Tunsnanesde il
HA91INN15NAABY DAQ USB-6008
o . P [ ¢
WinsnanedTauiliou Command window FIn15NARBINATHANITNARBITUAST]
¥ r
A4 Function generator 1ﬁn1uﬁfgmu1m Sine Wave 12108 100 Hz Y114 5.2 Vp-p fun
1 2
DAQ USB-6008 fu1 1 naz 2 #uiluy1ues Analog input ground 110% Analog input channel 0
o ¥
amf1ay TuaauvesTilsunsuiu $asnsnezdesritmailouTdsunsuieAndediu DAQ

» » . t 4
USB-6008 Apusimiuiniinisasaiang asududedlfau deaehld

»>> AT = hnelogInput('Nibaqg',dewvl):
»> AddChannel (AI,0) :

M 5.2 Tidsunsudadie DAQ USB-6008

vinTusunsy wiilunis@ndedu DAQ USB-6008 (TUsunsui3endt NiDag) uazldaud
channel 0 1AB9%DURY?
A a T o a o e = . 1 W ar

iinAnde 1auda Nozviin1smanesfUF g wH Function generator 1 TAL DAQ

USB-6008 TA8AI5A 1M UA Parameter 4199 1940
L3 »
SamplesPerTrigger : feduuniaveanis Sampling ABN1T Trig 1 AFY
TriggerType : ADgUiUuYeINIs Trig (eiunndn
. 4 o 1 a J . ]
Actualrate, Samplerate, Duration : 11 u#adanalsfs dmuaiiues e 19 unisifius

JoynTaeTisunsuniinsnaasuiies 1uA 191N DAQCard0-6008 Ao




>» SampleRate = 2;

>> duration = 0.01:

>> AcctualRate=get (AI, 'SampleRate');

>»>. 3et (AL, SanmplesPerTrigger' ,Durationtictualrate);
>> set (AL, 'TriggerType' ,Manual');

>> Blocksize=Get (AI,'SamplesPerTrigger');
>> Fs=ActualRate;

>> 3tart (AI):;

>> Trigger (AI):

>>: DATA=getData (Al):

>> Plot (Data)

MAN 5.3 N15AIRWBZTUAIIN DAQ USB-6008 1118 Duration = 0.01

>» Al

Display Summary of Analog Input (AI) Object Using “ USB-6008 '
Acquisition Parameters: 1000 samples par second on each channel.

10 samples per trigger on each channel.
0.01 sec. of data to be logged per trigger,
Log data to "Memory’ on ripger.

Trigger Parameters: 1 "Manual® trigger(s) on TRIGGER.

Engine stams: Waiting for START.

10 samples acquired since starting.
0 samples available for GETDATA.

Al object contains channel(s):
Index: ChanneiName: HwChancel: InputRange: SensorRange: UnitsRange: Units;
1 ' 0 [-5 5] {-5 3] -5 5] Vol

PN 5.4 HADINATIAIAT DAQ USB-6008

HAa91NN15 Run 11l50A50@90817 92 1&HaaauT n1wH 5.5
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AU IUITIDYHOANAITITDIINT R IMIITONEATINITEN (Sampler per triggen) IrmAuiu 1l
4 o a s . & o
Feemnunsoufd v A Tagyin1sifva Samples per trigger 1¥11nduAIIRAY
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¥

14 Assn il

»> SampleRate = 2;

>> Duration = 0.1;

»» AcualRatemger( Al,'SampileRate’);

»> Set( Al "SamplesPerTrigger’ .Duration® Acrualrate };
»> Set(AlL TriggerType ', Manual'};

»> Blocksize=Get( Al,'SamplecPerTrigper'}).
»» Fs=ActualRate;

»» Starc(Al);

»» Trigger(AI):

»» Daia=GetDarta{ Al);

>» Plot(Data)

»» Al

AN 5.6 N1TAIRIWALTVAIVIN DAQ USB-6008 1ilo Duration = 0.1
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Display Surnmary of Analog Input (AI) Object Using PCI-6024E".
Acquisition Parameters: 1000 samples per second on each changel.
100 samples per tigger on each channel.
0.1 sec. of data to be logged per trigger.
Log data to "Memory’ on trigger.
Trigger Parameters. 1 ‘Manual’ trigger(s) on TRIGGER.
Engine status: Waiting for START.
100 samples acquired siace starting.
0 samples available for GETDATA.
Al object contains channel(s):
Index: ChanpelName: HwChannel: InputRange: SensorRange: UnitsRange: Uhits:
1 " 0 -5 5] {-5 21 [-3 5] ‘YValts’

¥ ¥
AN 5.7 HADINNISAIAT DAQ USB-6008

e Tysunsy Run 125 9ud7 o2 l@wnsenundannd 5.8

PNA 5.8 WANITUA 18 Duration = 0.1

' M o . & A
fauanauesldsunsuisansdo Tusunsuusn s1dmuald Duration = 0.01 Faiile
Tusunsy Run &7 szudwi i 1dem Sample = 10 Samples per trigger naluldsunsunans

o - é 4 1] 3 L]
(518 mMuUATY Duration = 0.1 FuieTUsunsy Run u&) zMuiniiIflda1 Sample = 100
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. & W of 1 . i‘; 3 [ W ]
Samples per trigger Fanaadiualums Trig 1 asaiumdunisuaana 1 nihee Hian
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Samples per trigger B9 IsAvzdaitugiaduisnunniuses Tuvasiniwddiag
MuAN uazdlaNnITUIHANINNINAABINAIEY AT 92 1AT1 TUsHN Wz In13 Sampling 9N
1 mS.
v » [
oinmsnaassiruu iy 1d1n31¥ DAQ USB-6008 1Tt A/D card 1y 1@ M1nd
a o e | . q‘: o { & &
Aoanudgygmnflousin Function generator uInVanssdunazaud Fausramisosza
Input voltage range, Gain UazAuaANIARIA TADnMe v lmisiawseldau DAQ USB-
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vinmsnaasssuamh s iamseilszgnaldanu DAQ USB-6008 Tumssusmein
] ] 14
Transducer A1) Na3unAT] Output Hunssdu'ld (N3NH Ourput Wunszuadseiinisaan
L H o 1 ﬂ'. é H
Twiife1# DAQ USB-6008 Suf1 Input Miunszie) Fnsnaassluasuil ldnaaeald
DAQ USB-6008 119 §Uf1910 Transducer unumssuaniufinmuazidouzliedmansaea
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F90zp01lszvdanamazianuuiuigeninendslumsdouTlsunswiveSud10n

»
Transducer HU

5.2 ﬂwnﬂaaa?ﬂﬁ’mummﬂ1nnnméauﬁuaam‘lﬂ
5.2.1 guUnsaliilflumsnaaes
- 181993 Micromachined Accelerometer
- awdgauldhdenvy TulnsTdu 3 1 Saruasadu (Tnnumudu
az 20 A3)
- umdet e svde ifiiade 1wy 3 11 Snuressesdygn
- InfoaneuaAes (Notebook) Rillnesa USB

- uwuIUsunsy LabVIEW 8
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lszion A2 Max Acceleration | Max Acceleration Frequency
(Fuuiu) (km/hr) (2 Spectrum (m/s*) (Hz)
L ERFUZN
47.31 2.00 0.013 70
(8-10)
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sziom i) 'Il.[!gil Max Acceleration Max Acceleration Frequency
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Uszion PRI Max Acceleration Max Acceleration Frequency
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lszion As7 Max Acceleration Max Acceleration | Frequency
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Fmesgale Semiconductor Document Number: MMA1250D
Technical Data Rev 3, 0372006
Low-G
Micromachined Accelerometer MMA1250
The MMA series of silicon capacitive, micromachined accelerometers feature
signal contittoning, a 2-pole low pass filter and tempersture compensation.
Zero-g offset full scale span and fitter cut-off are factory set and require no
‘external devices. A full system ssif-test capability verifies systern functionelity.
MMA12600: Z AXIS SENSITIVITY
Features MICROMACHINED
+  integral Signal Conditioning Acﬁﬂm
+  Linear Outpul
+ 2nd Order Bessel Filtter
+ Calbrated Selftest
«  EPROM Parity Check Status
* Transducer Hermetically Sealed at Wafer Level for Superior Reliebility
* Robust Design, High Shock Survivability _
Typicat Applications @
« Vibration Manitoring and Recording
* Appliance Control
+ Mechanical Bearing Monitoring D SUFFIX
+ Computer Hard Drive Protection EG SUFFIX (Ph-FREE)
-+ -Computer Mouse and Joysticks 15"-“27-;'3‘::
*  \Virtual Reality Input Devices
* ‘Sports Disgnostic Devices and Systems
ORDERING INFORMATION
Device Name Temparature Renge Cass No. Package
MMA1250D —40° to 125°C 475-1 S0OIC-18
-MMA1250EG —40° to 125°C . 47501 SOIC-18
MMA1250EGR2 —40° to 125°C 47501 SOKC-18
Voo @
" 9
GCef | . . Ternp Comp Vs CI{ 1 16 [T NC
Sengor || WETEDr [ Gam | FREr {7 andGen Vour Vgs L 2 15 {TINC
ey R wd  Ame
ST ‘Control Logic & Clock Vour LI} 5 i W
| Seffest |- its |- ' -] Oscllator b sTATUS (T 6 R
EPROM Trim Clreuits Genaralor Ves Ve 7 10 £T] NG
i ST {18 8 NG
]
STATUS
Figure 1. Simplifled Accelerometer Functional Block Diagram Figure 2. Pin Connections
- .
= freescale"
© Freescale Semiconductor, Inc., 2008. All rights reserved. -




Table 1. Maximum Ratings

{(Maximum ratings are the limits to which the device can be exposed without causing permanent damage.)

Ruting Symbol Value Unit
Powsred Accéleration (all axes) Gpg 1500 ! g
Unpowered Acceleration (all axes) Gy 2000 8
Suppty Voltage Voo -0.310+7.0
{Orop Test® Dycp 12
Storage Temperature Range Tag -4-0 fo+125 °c

1. Cropped onto concrete surface from afy axis.

ELECTRO STATIC DISCHARGE (ESD)

WARNING: This duvice is sensitive to electrostatic
discharge,

Although the Freescale accelerometers contain internal
2kV ESD profection circuitry, extra precaution must be taken
by the user to protect the chip from ESD. A chamge of qver
2000 voits can accumulate on the human body or associated
test equipment. A charge of this magnitude can atter the

MALA$250D

performance or cause failure of the chip. When handling the
accelsrometer, proper ESD precautions should be followed
to avnid exposing the device to discharges which may be
detriments! to its performance.

Sensors
Freascale Semiconductor




Table 2. Operating Characteristics
(Unless otherwise noted: ~40°C < Ty, < +105°C, 4.75 < Vpp < 5.25, Acceleration = Og, Losded autput (V)
Characteristic Symbol Min Typ Max Unk
Operating Ranga(?)
Supply Voltage'™ Voo 475 5.00 525 v
Suppty Carrent (W 30 21 30 mA
Operating Temperature Range Ta —40 — +105 °c
Acceleration Range Ors — 5 —_— g
Quiput Signal
Zero g (T, = 25°C. Vpp = 5.0 V)9 Vorr 225 25 275 v
Zarog (Vpp=5.0V) Voer 20 25 3.0 v
Sensitivity (T, = 25°C, Vpp = 5.0 V)© s 380 400 420 mVig
Sersitivity (Vpp = 5.0V) S 370 400 430.1 mVigiv
Bandwidth Response fam 42.5 50 51.5 Hz
Norlinearity Niout ~1:0 - +1.0 % FSO
Nolse
‘RMS {0:1 HZ—1.0 kHz) Nes —_ 2.0 4.0 mvms
Spectral Density (RMS, 0.1 Hz - 1.0 KHz)® nsp — 760 — po/Hz
Self-Test '
Quiput Response (Vpp = 5.0 V) AVsr 1.0 125 15 v
Inpast Low Vo Vg — 03Vpp V
input High Viy 0.7 Voo — Voo v
Input Loading™ In -50 -125 =300 HA
Response Time® 157 _ 20 25 ms
|Siatust® {10)
Oulput Low {l,g = 100 A) Vou — — 04 v
Output High (g = 100 1A) Vou Vpp 0.8 - - v
Outpul Stage Performance
Efectrical Satuation Recowery Tima!'" toELAY — —_ 2.0 -mg
Full Scala Output Range (tour = 200 pA) Veso Vgs + 0.25 — Vpp - 025 v
Capaciive Load Drive!12 CL — — 100 pF
Qutpul lmpedance Z5 - 50 - w
Mechanica! Characteristics :
Transverse Sensitivity!'® Vzvz - - 5.0 % FSO

1. For aioaded oulput the measurements are observed aftar an RC fiter consisting of a 1 ki1 tesistor and a 0:01 iF capadiior to ground.
2. These bimits define the range of operation for which the part will meet specification.

a.

>

DN D

10.

11

AWithin the supply anga of 4.75.and 5.25 valis, the davice operalos a8 a fully calibrated jinear acesterometer. Bayand thase supply Umits the
device may operate as a inear device but is not guaranieed to be in calibretion.

The device can measura both + snd — scceleration. With no input accaleration the otAput Is at midsupply. For positive stoaleration the output
wil intresse above Vop/2 and for regative scceteration the output will decrease below Vpp/2.

The dewvice is callbrated at 59.

At clock frequency =70 kHz

The dighal Input pin has an mtema! pull-down cument source to prevent inadverent seif test initiation due & extarmsl bosrd tovel leakages.
Time for the output to reach 90% of its final vakss after a self-test Is initiated.

The Status pin autput is not vakid following power-up until af least one rising edge has been applied to the self-test pin. The Status pin is high
whenever the seif-test input is high, &3 a means.to check the connactivity of the salfi-test and Status pins in the application,

The Status pin output Iatchas high If a Low Voltage Desection or Clock Frequency falure occurs, or the EPROM parily changes to odd. The
Status pin can be reset fow if the ssif-test pin Is pulsad with & high mpal for 71 Jesst 100 ps, unless & fault condition conmimees to exist.

- Time for amplifiers to recover after gt accsleration signal causas them to ssturate.
12.

Preservas phase margin (607) to guarantee cutput amphifier stabilty.

13 A meanme of the device's abllity to reject an scoeieration spplied 60° from the fue axis of sensitivity.

MMA1250D
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PRINCIPLE OF OPERATION

The Freescale accelerometer is a syrface-micromachined
integrated-circuit accelerometer.

The device consists of-a surface micromachined
capacitive sensing cell (g-cell) and a CMOS signa
conditioning ASIC conained in a single imegrated sircuit
package. The sensing element is sealed hermeatically at the
wafer level using a bulk micromachined "cap” wafer.

The g-cell is 8 mechanical structure forrmed from
semiconductor materials (polysificon) using semiconductor
processes {masking and etching). it can be modeled as two
stationary piates with a moveable plate in-between. The
center plate can be deflected from Hs rest position by
subjecting the system to an acceleration Figure 3),

When tha center plate deflects, the distance from it 1o one
fixed plate will increase by the same amourit that the distance
tb the other plate decreases. The change in distance is a
measure of acceleration,

“The g-cell piates form two back-to-back capacitors
{igure 4), As the center plate moves with accelerstion, the
distance between the plates changes and each capacitor's
value will change, {C = Ac/D). Where A is the area of the
plale, ¢ io the dielectric constant, and D is the distance
between the plates,

The CMOS ASIC uses switched capacitor techniques to
measure the g-cel} capacitors and exdract the acceleration
date from the difference between the two capaditors. The
ASIC aiso signal conditions and fitters (switched capacitor)
-the signal, providing.a high level output voltage that is
ratiomeiric and proportionsi to acceleration.

SPECIAL FEATURES

Fiitaring

The Fresscale accelerometers contain an onboard 2-pole
switched capacitor fitter. A Begsel implementation is used
because it provides a maximally fiat delay response (linear
phase) thus preseatving pulse shapas intagrity. Because the
fier is realized using switched capacitor techniques, there is
no requirement for 6xtemal passive components (resistors
and capacitars) fo set the cut-off frequency.

Self-Test

The sensor provides a self-test feature that allows the
varification of the mechanical and elechical integrity of the
accelerometsr at any time before or after installation. This
feature is critical in applications such as automotive airbag
systams where system integrity must be ensuned over the fife
of the vehicle. A fourth *plate” is used in the g-cell as a self-
test plate. When the user applies a logic high input to the self-
test pin, & calibrated patential is applied scross the self-test
plate and the moveable plate. The msulting alecirostatic
force (Fe = '/, AV21d%) causes the center plate to defiect. The
resultant defiection is measured by the accelerometar's
control ASIC and a proportionsi output voftage results. This
procedure assures that both the mechanical (g-cell) and
eiectronic sections of the a¢celerometer are functioning.

Status:
Frenscale accelerometers include fault detection cirauitry
and a faufl latch, The Status pin i an output from the: fault

latch, OR'd with setf4est, and is set high whenever the
Acceleration T : following avent occurs:
« Parity of the EPROM biis becomes odd in humber.
The fault iatch can be reset by a rising edge onthe seli-test
0——;-_.:: - | input pin, unless one (or mane) of the fault conditions
o$—-:=_—_—_== i o continues fo exist
o.j:_.—'..._v #F
Qe
.Figure 3. Transducer .Figure 4. Equivaient
Fhysical Model Circuit Model
NMA12500
Sensofs
Freescale Semiconductor




BASIC CONNECTIONS
PCB Layaut
0 STATUS P
1 15 L] Ne
2 15 I NG §T PO
3 14 TINC v Vs |geo
4 B3 Miwe our [R] ] AT} '
5 12T ne v 10 [cloot (L]o1wr
8 M ENe Sre g Voor+
7 1 [T ne Voo 0.1 uF
8 ERan - -+ Vi
Bleww
T . P '
able 3. Pin Dascriptions [:
Pin Mo. | Pln Name Description
1thrud Vs Redundant connections to the mternal Figure 6. Recommendead PCB Layout for interfacing
Vgg and may be feft unconnected. Acceleromster to Microcontrollar
4 Voyr | Output voRege of the aceelerometer. NOTES:
5 STATUS |Logic oulput pin to Indlcate fauR. 1. Ua‘e a 0.1 uF capacitur on Vpp to decouple the power
6 Voo The powot supply input. ::um 4
2. : istance of the accelerometer to the
7 Vgs | The power supply ground. mmmmw ooupﬁnmg ‘d be minimal.
8 ST jloglcinput pin used to initiate self-test. 3. Place a ground plane beneath the acceleromstsr to
Bthru13 | Trmpins |Used for factory tim. Lesve reduce noise, the ground plare should be attached to
unconnected. alf of the open ended terminals shown inFigure 6.
} ) 4. Usa an RC fitter of 1 k(2 and G.01 pF on the output of
44 thru —— frtemal connection. Leave
® Wby the accelerometsr to minimize clock nolse (from the
switched capaditor filter clrcit).
5. PCB jayout of power and-ground -shoukd-not couple
power supply noise.
6. Acceferometer and microcontroller shouid notbe a
Voo MMATZS00 12 STATUS high current path.
wec __8 fs7 i R 7. A/D sampling rate and any extemal pawer supply
INPUT 6 Iv Ve & 1%0 switching frequency should be selected such thet they
‘ bo our QUTRUT do not interfere with the intemal accelerometer
t v SIGNAL
ci 2 vg - sampiing frequency. This will prevent afiasing errors.
0.tuF A—Veg 0 pE I
7|Veg ) =

-

Figure 5, 8QIC Accelerometer with Recommended
Connection Diagram

MMA1260D
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DYNAMIC ACCELERATION

JU T

e’ §
gr:£
0g
Vag=250V
!

ACCELERATION SENSING DIRECTIONS

Ves LI]{1 O B[ TING
Ves [11]2 15[ TING
Ves (118 HETING
Vour CL1{4 13 TING
status[T|s 12T Ine
VDDEC 6 11 :DN}'C
Ves [LTj7 10f Tnc
sTT]|s o[ TING
16-Pin SOIC Package

N/C pins are recommended to be left FLOATING

STATIC ACCELERATION

B e—

Lall
Vorr =20V

L

41‘9
Vou'r =21V

U \J”

1. Whan positionad as shown, the Earth's gravity will resuit in a posilive 1g gutput

Direction of Earth's gravity field(!)
3
Og
Vm =250V
gt

MEiA1250D
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PACKAGE DIMENSIONS
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OFREESCALE sEMICONDUCTOR NG | UECHANICAL OUTLINE | PRINT VERSION NOT TO SCALE
TITLE: DOCUMENT NO: 98ASB16926C REV: C
16 LEAD SOIC
C CASE NUMBER: 475-01 17 MAR 2005
ACCELEROMETER
STANDARD: NON—~JEDEC
PAGE 1 0F 2
CASE 47501
ISSUE C
16-LEAD SOIC
MMA 250D
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PACKAGE DIMENSIONS

NOTES:
1. ALL"DIMENSONS ARE "IN MILLIMETERS.
2, INTERPRET DIMENSIONS AND TOLERANCES PER ASME Y14. 5M—1994,

THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED Q. 15 PER SIDE.

THIS DIMENSION DOES NOT INCLUDE DAMBAR PROTRUSION.
PROTRUSTONS SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED 0. 75

@rReEscue sewicomucton NG | MECHANICAL OUTLINE | PRINT VERSION NOT TO SCALE
TITLE: DOCUMENT NO: 9BASB18926C REV: €
16 LEAD S0OIC
B! CASE NUMBER: 475-01 17 MAR 2005
ACCELEROMETER
STANDARD: NON—JEDEC
PAGE 2 OF 2
CASE 475-01
ISSUEC
16-LEAD S0IC
MMA1280D
Sensors
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How to Reach Us:

Home Page:
www.freescile.com

‘E-msh:
suppori@freescale.com

‘USA/Europe or Locations Not Listed:
Freescale Semiconductor

Technical Information Csnler, CH370
1300 N. Alma School Road

Chandler, Arizona 8522
+1-800-521-8274 or +1-480-768-2130
support@freescale.com

‘Europe, Widd Exst, snd Africa:
Freescale Halblelter Deutschland GmbH
Technical Information Center
-Schaizbogen 7

81829 Muenchen Germs
ot

+48 8 52200080 E

+49 89 92103 55& {getman)

+33 1 69 35 48 48 (French)
-support@@irasscale.com

Japan:

Freescale Semiconductor Japan Lid.
Headquarters

?_!;&_31 Tower 15F "

. , Shimo-Meguro, Maguro-ku,
Tokyo 153-006499

Japan
0120 101014 or +81.3 5437 0125
support japanffreescate.com

mesealeSemlcondudorHongm;m
Technical Information Center

2 Dai Steet

Tat Po, .Y Hahp Ko

af Po, N.T.,

+80026&:68()!30(;‘g ong

support asiafdireescale.com

For Literature Requesits Ondy:

Freescals Semiconductor Uitersture Distribution Center

P.O. Box 5405 8217

Denver, Colorgtlo
1-800-441-2447 or 303-675-2140
Fax: 303-675-2150

LDCF

orFreescaleSemiconductonf@hibbertgroup.com
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RoHS-compiiart sndior Ph-free versions of Freevcales products heve the funchonsfity
and slectrical charsctanistics of thair non<oHS-compliant and/or non-Ph-free
counterparts. For further informstion, seehtip.fiwww.freescale. com or contact your
Freescale palea represeniative.

For information on Fresscalte's Envirenmental Products program, go tohdtp://

Irformaiion In this document is provided soiely 10 ensble systom and softwére
imptemerten o s Frieescate Ssmitonducior products. Thame ane no axpress of
implind copyright ficenaes granted hereunder 1o design or fabricale any integrated
clrcults or intagratad circuits based on the information in this document.

Fresscale Semconducion teserves the fight to meke changes withoul furiles notiar to
ahy products hereln. Fresecale Semicontductor makas no wermamy, represantation or
guorRmes regarding the suitability of its products for any particular purpose, for doos
Freescale Samiconductor assume any Gsbilty grising out of the application or use of any
product or circult, end specifically tiediaims any and ol Eabiity, incuding withoul
Hrritetion corsaquential or incidertal damages. “Typical” parameters thal may be
pravidad in Fresscels Szmiconducior data sheests and/or specifications. can and do vary
in difterent applications and actual performance may vary over fime, All operating
parametens, incuding “Typicals®, must b valldatsd for sach customer appication by
cusiomes’s techrical experts. Freescals Semiconducior does nol conrvey mny licam e
under its patenl nghts nor the vights of others. Freescale Sewniconducior products are
not designexd, inkended, or suthorized for s a3 components n systems inkerided for
surgical implart indo the body, or other applicalions intended to supporl or sustair life,
or for sy olher spphcation in which the failure of the Freescala Semiconductor product
couild crasts g eiustion whers personal injury or death may occur, Should Buyar
purchmse or use Freascale Semiconcductor products for amy such unintended or
unauthorized applicaion, Buyer shall indemnify and hokd Frasscale Semiconducior snd
s officars, smpioyesas, subsidiaries, affiiates, ond dstributors harmiess sgainet sl
claimy, costs, davwges, and expenses, and reasonable attomey fess arising out of,
diractly or indirectty, any cleim of personall Injury or death associated with such
uniniendod or pelboriret ste, even ¥ sich cialm alisges thal Freescele
Samicontucior was regiigent regading the desion or manuiaciure of the parl.

Fronecieo™ snd the Froescile logo se tredemerka of Freescsle Semicanductor, inc.
M other product or serdce namas are the property of thelr mospeciive owher

© Fresscals Secriconducior, ., 2006. AN rights resarved.
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Low-Cost Multifunction DAQ for USB

I

NI USB-6008, NI USB-6009

* Smai! and portable Operating Systems
= 12 or 14-bit input resolution, * Windows 2000/XP
atup to 4B kS/s & Mac S X1
* Built-in, removable connectors o Linux®
for easier and more o Pocket PC
cost-effective connectivity o Win CE
» 2 true DAC analog outputs
for accurate output signals Recommended Software
+ 12 digitat /0 fines (TTL/LVTTL/CMOS) * [abVIEW

32-bit event counter * LabWindows/CVI
Student kits available

OEM versions available

Measurement Services
Software (included)

* NI-DAQmx

+ Ready-to-ren data logger

"Mac 0§ X and Linux users need
to download Ni-DAQmx Base

R I RER P |
e T A Input Dutput Dytput Dutput Digital
Analog ' Rasolution  Sampling Rate  Range Analog Rasolution Rate Range V1] 2-8k
P'?".’“E‘, ) __a_ni_ . loputs' | ({bits] (ks.f_i! v Dutputs (ahs) (Hz) i Lnes Courter  Trigger
USB-B009 UsB B SE/4 DI 14 48 £1 10 +20 2 12 150 Otb 12 1 Digital
_USB-B00B  USB  BSEAMEI i2 10, +t10 £20 H 2 _ 180 05 12 1 Diglral

1SE = singie ended, Dl = ditferentsas

Hardware Description

The National Instruments USB-6008 and USB-6008 muitifunction data
acquisition {DAQ) modules provide reliable data acquisition at a fow
price. With plug-and-play USB cannectivity, these modules are simple
enough for quick measurements but versatile enough for more complex
measurement applications.

Software Description

The NI USB-6008 and USB-6008 use NI-DAGmx high-performance,
multithreaded driver software for interactive configuration and data
acquisition on Windows 0Ss. All NI data acquisition devices shipped
with NI-DAOmx also inciude VI Logger Lite, a configuration-based
data-logging software package.

Mac 0S X and Linux users can download NI-DAQmx Base, a
multiplatiormn driver with a limited NI-DAQmx programming interface,
You can use NI-DAQmx Base to develop customized data acquisition
apptications with National Instruments LabVIEW or C-based development
environments. NI-DAQmx Base includes a ready-to-run data logger
application thal acquires and logs up fo eight channels of analog data.

PDA users can downlcad NI-DAQGmx Base for Pocket PC and Win CE
to develop customized handheld data acquisition applications.

Recommended Accessories

The USB-6008 and USB-5009 have remaovabie screw teminals for easy
signal connectivity. For extra flexibitity when handling multiple wiring
configurations, NI offers the USB-6008/09 Accessory Kit, which includes
two extra sets of screw temminals, extra labels, and a screwdriver.

In addition, the USB-E008/09 Prototyping Accessory provides space for
addkng more circuitry to the inputs of the USB-6008 or USB-E00Y.

Common Applications

The USB-6008 and USB-6009 are ideal for a number of applications
where economy, smalt size, and simplicity are essential, such as:
= [ata logging — Log enviranmental or voitage data quickly anc easily.
= Academic ab use — The low price facilitates student cwnership
of DAO hardware for completgly interactive lab-based courses.
(Academic pricing available. Visit ni.com/academic for details.)
« Embedded OEM applications.
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Low-Cost Multifunction DAQ for USB

Information for Student Ownership

To supplement simulation, measurement, and automation theory courses
with practical experiments, N| has developed the USB-6008 and USB-6009
student kits, which include the LabViEW Student Edition and a reacy-to-run
data Iogger application. These kits are exclusively for students, giving them
a powerful, low-cost hands-on leaming too!. Visit ni.cem/academic for
more details.

Information for OEM Customers

For intormation on special configurations and pricing, call {800) 813 3693
(U.S. only} or visit ni.com/oem. Go to the Ordering Information section
{or part numbers.

Ordering Information

NISB-BODBT ... ..o e 779051-M
N, JSB-6009" ... crvereeneenneen. 1 19026-01
N USB-6008 OEM oo e 183132-02

Ni USB-6009 OEM ...,
N1 USB-G008 Studenrt Kit1.Z .779320-22
Ni USB-6003 Student Kit!Z ... ceverreree e e A 1932122
ik NI-DAGmx sobware, NI ready-to-run data tagger softwarg,

anu a USE cable
toetdes LabVIEW Student Edion.

193132-01

BUY ONLINE at ni.com or CALL {800) 813 3693 {U.5.)




Low-Cost Multifunction DAQ for USB

Specifications

Typical at 25 °C unless otherwise noted.
Arnalog Input

Absolute accuracy, single-ended

Range” M TymfcalatBTCimW T Maximum [0to S57CHmV)
+10 147 138

)

Absolirte sccuracy at full scale, differentialt

Range "7 T T WRical mECEM T ™ Maximum {0 t 5 THimV)
120 ] LY : T

£10 77 84.8

25 428 b 584

o) 358 531

125 Y 2% " "o

12 221 425

175 "o 849

il 153 318

Number of channels........................ 8 single-ended/4 ditferential

Type of ADC ..o SUCCESSIVE APproximation

ADC resolution {bits}

fMoe T T TOMewdial T Soghe-taded
USE-5008 12 i

UsBRIB 14 S S

Maximum sampling rate (system dependent)

{Madute =" " T Kfaxdmim Sampling Rate {kS/z)
USB-6008 10
USB-5009 - 18 L

Input range, single-ended................. 10V

Input range, differential................... 420, 10, £5, 14, +2.5, 42,

125,81V

Maximum working voltage ................ 10V

Cvervoltage protection ...... e 238V

FIFG buifer $ize ... 5128

41.67 ns (24 MHz timehase)
100 ppm of actual sampie rate

Timing resolution
TimMiNG ACCUFACY ..o e

Input impedance .............ccccoevveneee. 144

TrIGZEr SOUITE........oov oo, S0Ttware o extemal digital trigger
SYSTBM NOISE...vvve e 0.3 LSBs [£10 V range}
Analog OQutput

7 mV typical, 36.4 mV maximum
at full scale

Number of channels e 2

Type of DAC ..o Successive approximation

DAC resolution......c..ccoeeeeeceecveeeeenenn. 12 bits

Maximum update rate ...................... 190 Hz, software-timed

Absolute accuracy {no load) ...............

Tinpirt voltages may not exceed the working voitage range.

Output TaNGE . ......oooecoceerecreee v Dto+5V
Output impedance.............c..oooroom.... 50Q
Output current drive ..., 5mA
POWEF-0n State.......ccovvr e ov
Slew rate.. 1 Vs
Shorl—cutu:t current .................. 50 mA
Digital 1/0
Number of channels..................... 12 total
8 {PD.<0..7>}
4 {P1.<0..3>}

Direction contral .........cocovcrsiveen. Each channel individually
programmable as input or output
Qutput driver type

USB-6009

Cpen-drain
Each channel individually
programmabie as push-pull or

open-drain

Compatibidity......coovoverieeerers . CMOS, TTL, LVTTL

Intema! pull-up resistor ... 4.7kQto+5V

Power-on state.... . ... Input {high impedance)

Absnlute maximum vnltagp range ...... -05t0+58V

Digital lagic levels
Laval Min Max Units
Input low vohtage 0.3 08 v
Input vigh voltage 20 58 v
Input leskage current - 50 iy
izt ftne voltage 1= B.5inA) - 0.8 v
Outpt high voltage (push-pull, | = 8.5 mA} 20 35 v
0wz hig™ witage (opan-drain, 1« 0.5 mA, nominal) 20 50 v
Qutput high valtege (opan-drain. | = -8.5 mA,

with exemal pull-up resistor) _ 20 - v

Counter

Number of Counters........c.ooieren .. 1

Resotution ... ettt 32 bits

Counter measurements Edge counting {falling edge}

Pull-up resmtor.A.,A..,.......... ...... 47kQQobV

Maximum input frequency................. 5 MHz

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

Minirnum low pulse width................ 100 ns

Inptst high valtage .........c..ccoorrceris 20V

Input tow vOIAGE ..o 0Bv

Powaer available at /O connector

+5 V output (200 mA maximum}........  +5V typical

+4.85 V minimum
+2.5V output {1 mA maximumj.......... +2.5 V typical
+2.5V output accuracy ... 0.25% max

Voltage reference tamperature drlft 50 ppm/°C max

BUY ONLINE at ni.com or CALL {800) 813 3693 (U.S.)



Low-Cost Multifunction DAQ for USB

Physical Characteristics

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

Dimensions {without connectors)........
Qimensions (with connectors)........
Weight {without connectors)...............

Weight (with connectors) .............
1/C cONNBCLOrS......oooceeee.

Screw-terminal witing .....................
Screw-terminal torquUE ..o

Power Requirement

USB{4.10 10525 VOC}......cccrcconn

USB suspend.........coovoveene,

Environmental

6.35 by 8.51 by 2.31 ¢m
{250by 3.35by 0.91in,}
8.18by 857 by 2.31 cm
{3.22 by 3.35by 0.91in.}
59 g (2.1 oz}

84 g (3 oz}

USB series B recepiacle
{2) 16-position {screw-tarminal)
plug headers

16 to 28 AWG
0.2Z2t00.25 Nem
{2010 2.2 Ibwin)

80 mA typical
500 mA maximum
300 pA typicat
500 pA maximum

The USB-6008 and USB-E009 are intended for indcor use only.

Operating environment

Ambient temperature range.......

Relative humidity range ..............

Storage environment

Ambient temperature range...........

Relative humidity range .............

Maximum altitude......c.oovoveeveererreenn.

Pollution degreg ... rrreereenens

0 to 55 °C (tested in accordance
with [EC-60068-2-1

and |IEC-60068-2-2)

10 to 80%, noncondensing
{tested in accordance

with IEC-60068-2-56)

-40 to 85 °C {tested in
accordance with IEC-60068-2-1
and iEC-60068-2-2)

5 to 80%, nancondensing
{tested in accordance

with |EC-60068-2-56)

2,000 m

{at 25 °C ambient temperature}
2z

Safety and Compliance
Safety

This product is designed to meet the requirements of the follawing
standards of safety for electrical equipment for measurement, control,
and laboratory use:

= IEC 61010-1, EN 61010-1
s ULE010-1, CAN/CSA-C22.2 No. 61010-1

Nate: For UL and ather safety certifications, refer to the product label
of wisit ni.com/certification, search by model number or product line,
and click the appropriate link in the Certification column.

Electromagnetic Compatibifity

This product is designed to meet the requirements of the following
standards of EMC tor electrical equipment for measurement, control,
and laboratory use:

* EN 61325 EMC requirements; Minimum Immunity
« EN 55011 Emissions; Group 1, Class A
= CE, C-Tick, iCES, and FCC Part 15 Emissians; Class A

Mate: For EMC compliance, operate this device according to
product documentation.

CE Compliance

This product meats the essential requirements of applicable European -~
Directives, as amended for CE marking, as follows:

* 73/23/EEC; Law-Voltage Diractive {safety)

« B9/336/EEC; Electromagnetic Compatibility Directive {EMC)

Note: Refer to the Declaration of Conformity {DoC] for this product for
any additional regulatory comptiance information, To obtain the oC for
this product, visit ni.com/certification, search by model nember or
praduct line, and click the appropriate link in the Certification column.

Waste Electrical and Electronic Equipment {WEEE)

EU Customers: At the end of their life ¢cycle, all products must be
sent to a WEEE recycling center. For more information about WEEE
recyciing centers and National Instruments WEEE initiatives, visit
ni.cam/environment/weee, htm.

BUY ONLINE at ni.com or CALL {800} 813 3693 {U.8.)



NI Services and Support
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NI has the services and support to meet
your needs around the globe and through
the application life cycle — from planning
and development through deployment
and ongoing maintenance. We offer
services and service levels to mest
customer requirements in resgarch,
design, vatidation, and manufacturing.
Visit ni.com/services.

Training and Certification

NI training is tha fastest, most cerlain route to productivity with our
products. NI training can shorten your ieaming curve, save development
time, and reduce maintenance costs over the application life cycle. We
schedule instructor-led courses in cities warldwide, or we can hold a
course at your facility. We also offer a professional certification program
that identifies individuals who have high levels of skill and knowledge on
using NI products. Visit ni.com/fraining.

Professional Services

Qur Professional Services Team is comprised of NI applications engineers,
N! Cansulting Services, and a worldwide National Instements Ailiance
Partner program of more than 600 independent consultants and
integrators. Services range from
starl-up assistance to tumkey
system integration.

Visit ni.com/alliance.

% NATIONAL
p INST RUMENTS'

Allans e 2
OEM Support

We offer design-in consulting and proguct integration assistance if you
want to use our products for OEM applications. For information about
special pricing and services for OEM customers, visit ni.com/oem.

7 NATIONAL
%> INSTRUMENTS'

ni.com e (800) 813 3693

National instruments + info@mni.com

Local Sales and Technical Support

in offices worldwide, our staff is local to the country, giving yow access
to enginears who speak your language. NI delivers industry-leading
technical support through online knowledge bases, our applications
engineers, and access to 14,000 measurement and automation
professionals within NI Developer Exchange forums. Find immediate
answers to your questions at ni.com/support.

We also offer service programs that provide automatic upgrades to
your application development environment and higher levels of technical
suppart. Visit ni.com/ssp.

Hardware Services

NI Factory Installation Services

NI Factory Instaltation Services {FIS} is the fastest and easiest way to
use your PXi or PX)/SCXI combination systems right out of the box.
Trainnd NI technicians install the software and hardware and configure
the system to your specifications. NI extends the standard warranty by
one year on hardware companents {controllers, chassis, modules)
purchased with FIS. To use FIS, simply configure your system anfing with
mi.com/pxiadvisor.

Calibration Services

NI recognizes the need to maintain properly calibrated devices for
high-accuracy measurements. We provide manual calibration
procedurns, services to recalibrate your products, and automated
calibration software specifically dasigned for use by metrology
lahoratories. Visit ni.com/calibration.

Repair and Extended Warranty

NI provides complete repair services for our products. Express repair
and advance replacement services are also available. We offer
extended waranties to help you meet project fife-cycle requirements.
Visit ni.com/services.

LT
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