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Abstract

A simple method to demodulate the resolver signal and its application is
introduced in this thesis. The proposed method can provide the demodulated
resolver quadrature signals, sine and cosine, without requiring the low-pass filter used
in the traditional approach. Therefore, the phase delay between the stator winding
and the rotor winding is avoided. The configuration of this approach consists of
commercial available circuit building blocks such as comparator, sample and hold
circuit (S/H) and monostable multivibrators. Thus, the proposed approach is obtained
to the economical attraction. The operation of the proposed demodulator and its
performances are confirmed by MATLAB & Simulink simulation and experimental
results. For the application of this method, the proposed demodulator is used to be
amplitude detector for capacitance sensing circuit. The circuit configuration is
implemented using only commercially available devices. The performances of
proposed circuit confirmed by experimental results are agreed with the expected

values.



nnRnssuUsznA

Ineninusasuidnialianunianvesenansdivine aes. Juds 3391 AlElH
A3 AUzl ﬁm’%ﬂmLLas%u,usLLu’mﬂumiLLﬁlmﬂmmﬁmG] naoansTadveil
shudsdnduinuedne lunsiieudse iefiazaiunsainnuidedesnunldegidl
UsgAnSnm Bnviedsuevdsraunisaluazuuanudafiafiannsoi lUlfludiauss i
B IGREEY

VBUVBUNTEAN NA.AT. ITIUA wisudld ormsdssinieisimnssunsiouas
Uy fireslinug AU uazrostisunde Tuurlunisvhanuide saenaunsivaey
AT luAgBeu lunsdavinineninusatiod

yevaUNsEAM dotuimaluladnszaoundiirnaummnsaransyeilldue vanud
warliunsifedmsumsiinednusaduil

YBUYBUNTEAN NALNNIANT Lwelnm uay 5.0A%8 nu¥snl 919159U589101A39
Imnssumsinuazauny wazsuinaylufosUjiins CS-lab  #ldlvdUInwiuay
drowndolunisuitelyniniee Tunsriinuide §ﬂ‘1715a€fﬂLﬁuﬁﬁé’ﬂaﬁﬁiﬁuﬁﬂﬁaumaa@
J2ULLIANVRINTANY

anviedivoreunszam Ta1 113m yanaluasousda uaziiounneau Ald1vnng
atfuayu Wauviewmde uagasidumdslaliundidou nasnsuajuienasdiliuoy
AwiarUszaunsalfiauiting venmuveunsznaniuogisgs



U
UNAATDNMITVIY ..o |
UNPARTDN TG VTINGE: oo eeesssssss oo I
AARNTTUUTENIF oottt Il
BVTURY v oo \¥
ANTURUNTTI oo Vi
BITUDITU immmeieneee s Vil
UNIT L UV oy vt et s s s s 1
1.1 AT ULUAZAUENAQUVBITEUN ettt 1
1.2 T UIEAATUNITATINETIINUT 1ottt 2
1.3 NOUFALUIAATIT NIRRT 1o e 2
1.4 UDULIAUBINTIHVINGVTINUS ...t emmsmsss et 2
1.5 5100 BHAUBITINENANUS oo oot Soe kst e 2
UNT 2 NS AMAEINITTITRABATON oot 4
2.1 FANNNIVINIUVOITUIALIDT .ttt oad et e ottt eeesenee s sbes e 4
2.2 VANNSANBPLANTEYUIUTIUUNR ik bemmssssssssssssse e meeenesisbesesseesseeeseeeseee 6
2.2.1 wutilay ama@La%’u (Envelope demodulation) ......cccceernieeeererneeeen. 6
2.2.2 1Ay fiuegiati (Coherent demodulation) ...........meeeeereeeesessnneeen 7
2.3 I1ATAUOARFYEYINIMNTIGALTOTIUORNM oo irrnsitenentiiens et 9
2.3.1 2ITANBNANFYYINAINIBADTUUUTATUR o 9

2.3.2 1TAUBQARFY YNNI TALIDTAEDIABINTATITIVLBUNGYA
quﬁjugm ...................................................................................................... 11
2.3.3 1935080 Suaaansleanoslag 9 s @eumWa . 15
2.8 UNATONING - @B g vvvererncrmerencrmereggerereecegem SN gl s 17
unil 3 ’Nﬁ]iﬁua@JLaLma%ﬁﬁ%aua ............................................................................................... 18
I3 15 Y1 RO mssesorrrerrreesnm s ol 18
3.2 PENNNTVBIIIDITUWAUD. oot eers e 18
3.2.1 FATATIFTURTUIUY oovreevrreeerrsnnenrssssssssssssessssssssssssssssssssssssssse e 19
3.2.2 319IATUANNITVINIUYDINATAUMATAIA oo 20
3.2.3 FOVTHURAZAAA ceovvvrrerrereeresessossiesessssnssee s 23
3.3 MITIATIZRAUTIOULATTVINTUUDIIDT oo 25
3.4 N1591809N1FIUULIUTUATH MATLAB . ooooooeeeeeeeeee e 28
3.5 HANITNARBIDTY covvveveeeeeeesecssss oo 30



#1508y (5i9)

U

36 UMATU oo 38

und 4 nsUsEENAltUIRTALDRLan SOUUITIIWAUD oo 40
BT ABVTUY oot s 40

0.2 WANNITINTUYDIIDT cooroeooeeeeeeeeeeeeeee oo 40
4.2.1 2995uUasA1AN LT NTURSITUINAITY o 41

4.2.1.1 295918AUTEIIIY oo 41

0.2.1.2 WATVUWUTINU it oot 43

0.2.2 WATATIDVUATMBUIATA ovecevvevrieerersemmmmeessbineesbsesessesssssseesssseecesssssssssseees 44

4.3 NADIANITINADDIY - oioersoesiesiseboe et onet oo saest eSS s e 45

ANRT) G (U RENRI, dverd, ! =N ) oot YIROP RO, . NSRS 50

Unil 5 UnagULazTolauUURIUISUNIIITERO e 51
LUV GEYIRT — B (02O WE - AW 5 W0 S~ o SR, V. Ve 51

5.2 ToLAUBUUEIUINATIUAIIVINITIND oo it 51
onghgomel N2 L1 \b /N Y. e N Mng/ L0020l S0 < AN 52
AN N UNATIEATTFINIUNTUAZARUI ... .ot oot 54
Uiy I oo VA el WO Eemmed . S0 M 67



A
ATININ

2.1

3.1
3.2
3.3
3.4
4.1
4.2

#150yA1319

PN
NANNITAUOAANTYNVMTIUUIRN 1ooevrrreerrrsreerrresnesnssemsssesssessssssnessss s 9
ASPNIUUUIUTWATY MATLAB & SIMUUNK oo 28
ANNIFITADS NG LUNITTIABINTNTVIVIIIU oo oo 28
QUATAIITIUNIINATDU ..o 30

~ ~ o | ) = ) A o

N15USEUBUNITINIIUTEN NN NS L UB AR AU NANTAUNEUD e, 39
UNTAITLTLUNIINATOU covvveriiii s s 45
| a &
ANNIFITLADSNETLUANTVRAGDU e teees e s a6

Vi



EaN
.
=b.

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
29
2.10
2.11
2.12
2.13
2.14
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12

3.13

GURVTaTAL

N
IS ) [
AN DU YD YALIDT .o 4
FLUALIDT oo 5
o s gj dl v =X [
SUF DU INAAADSTIIABIMNUTLAANTIVALIDT oo 6
FIVTAUBQUARUUULDULILAU e ceeessseses s 7
FuIUNLARINWATIUTUT 2.uusiiciiicsmernsscrrreer e 7
VANNTYINTUVBINITALOAATULUUIATITU v 8
FuUAlARINMENNITANIINIUYDITUT 2.6 vt ennsesnenenes 8
wanmshveguanwuudslasiadmsvdygaletuagialeiainsleaiies .. 10
HITNTIVFURDUNEIAFIRII ..ot 12
U ldl 1 U a U L4
nsmdyaalaluusiayInvecansnTIaTuLuna ey adletl s 12
1IANBNAAFYIUIININYAL IR NS AL IITATIFIUUBUNTIANUTIY <..ccev.... 13
NIMEYNUNIAANG ) VOIWITIUFUN 211 it 14
HATANIYARNFYYIUIININALIDTIAETTIRTROUNE oo 15
doyaauninainni sy uludIuag 9 989295 IUTUN 2.13 i 16
£ a d' o
VNANNITUBIWITANDQAATIUWAUD oo erasinees st i sssssree b sesseneeee 18
1ATIE S UBINTATITTUNTUEIUL .o e sbes e e 19
NN NLARINIATATITTURTUAUD ...ttt 20
UANNNTYNNUYDINITAIUANNITHNTUYBIWATHUUALAIA oot 20
nIME U A1 Ul UaAATataR T IUSAOSAIT 1 oo 21
nsmdgaunlaanasiuluamdadaf i usaos@aN 2 e 22
NINFYIUALFIINIATAIUANNTYINUVOIIITHULALAIAT oo 22
LATIATINUTIUVBIRIDTHURAZEIA oo 23
NN YNNIV INNUVBIIIATFUUALAIA Y eevrrrrreeressossesssmsismesseseeessssesesnnneenee 24
NINFYUIUTLAIINWATAURAZAIAT oo 25
MIVUVBIPIRTFUUATAIA L eeeeerrnnesneneseesseessssessssssssssssssseseee s 26
N9MUTNNRTFULAEALALITBINTUABLMUAYRITUINAIINNTN
[ v s
TR MUTATATUAL e 26
a o A Y o ¢l I a

LARIANEANAIADULLDININVLINAIUA TV DINEAN ALY oo 27

VI



EaN
.
=b.

3.15
3.16
3.17

3.18
3.19
3.20
3.21
3.22
3.23
3.24
3.25
3.26
4.1
4.2
4.3
4.4
4.5
4.6
a.7
4.8
4.9

#135UgysyU (i)

N
Tassad1anisdansnisiauvemdnnisiinaue
ARLUTLNTU MATLAB & SIMUUNK ..o 29
ﬂiﬂﬂ/\lé’igmmﬁaﬁ’wamlﬁlul,wiazammﬂgﬂﬁ B3AG e 30
VBT UM TNIABBITOTI .o 31
ToUaU N TEAU Vex WAZAQQ I RNAINMITATITUNIUAUG Vs oo 32
fy 0 U LH91N2995ATUALN TV UYDI N ATANATAI oo 33
”zyapmﬁiﬁmmﬂ%ejmLLasmﬂ'w ................................................................................... 33
B[V Ta T T T Lo E s s OO 34
’Naﬁﬁua@Lamé’mmmmﬂﬁ%ama%ﬁﬁwLaua ............................................................... 35
dou 1 UNBAANLA LT Y Y TURANDARAIINTIIALIDT .ottt 35
é’zyﬁgmmﬂ‘%ledana%ﬁgqamé’muzywmuazmsﬁma@Lamé’zyzyﬂmﬂgqam ....................... 36
MIUTBNEIAILAE AT NAAYB IR Y ANUREUNUAL 36
NANSVAFBUAIUAANATASULDNAINVUIAAIUNTIVOITS oo 37
AR AN INULIAAI NN U DINAATAIMAANIU o e 38
MANNITUBINTUTEENAITUNIITIUAUD oot e 40
2995UaAAI A NTURIIIUINATE oo 41
Q@ mer s HRARANE @... (Bl € O a1
DTV OUTITUTTIUNDITUT .1 oo 43
29950509 ULOUNAYAMFNRTTUR .0, e 44
3Tl ULARE AT 29T TATIDTULDNNRYA o 45
NNINAABUNTHNIMUUBINDTATIDTURBUWNA . 46
HANINAAOUTBI9aTHUAIAAU AT UL ITUINATY e 48
Y N T Ty 1 T 50

Vil



o
UNUN
1.1 anudusuazanudrfgasslym

a s I3 a s a = aa o w
iiaﬁalﬂ@i (Resolver) Lﬂumiqua@nL‘UaisﬁuﬂVUQWNUV}UW‘VILLa%ﬂ'J']iJa']ﬂQﬂ,u53UUﬂ'ﬁ

Touazn1saiual mindaarduvdaygy fegrslunisidausleatias oy szuy

£

' ¢ = A a g Y Y] = I3 = c Y & ¢
ueud 10390 B8UT waznsAumdyaannivey Wuau [1-7] Sleanesiulugunsal

9

AMULITeN0gY AN NNUNINgHaziliaIN U hwa vilnisldausleaediuy
g i s

1§Fupnuaulounndetiu [7-8] drudsznevvedilvanoitussidnvasindrefuuoiines
guniin Uszneuluseunainlsmes (Rotor) diuamainudnuazanainainaes (Stator) dadl
agjﬁaﬂsum’mé?qmﬂﬁ’uLfJusummmsaa maﬁwmumaﬁi%ana%ﬁ?u%éfaqmaé’agaunmﬂsséjulﬂﬁ
YARIANAN é’zyfgmmﬁwmﬁiﬁmﬂmmmaqﬁ%aaq%Lﬁmmﬂmima@,am (Modulation) 984

doyey 10N TEAUAUAIYNTENINNTARIANENLALIAAINTeY BedzaglugUvasdyaralaluag

o w

laloi Tngunfiudanishiseqianiuudalasia (Synchronous demodulation) dililief13dn

YY)

dyiamvsrsedyaanseduiinnsauivdyyinvesigaas Jullendndmyyiu

e

Pasueanty Mldya i TuIINAILLLNUITNI YR IANSNLAZYNAINTOS FIN15A
UBQLARLUUTIATTAUUABINTINITNTBEIUANUAM  (Low-pass filter) wvimiilunns

o = o ay v = ¢ o v ! ]
nsesdaIumNageeanty dygiailiansleaiesniassazgnldiieniaA1yusening

al

YPAIANENLALVARINTBY [6], [8-9] LL@imiéwuﬁimuﬁmmamamma%ﬁqaaqﬁiéfmﬂmmua@

I '
o

D.

LA UURIASUATUIALLINEIAT FUARANANN L ALNI SN UVDIIIATATOIHIUAIUDAN

ilmAnn1sidewnavesdygraterdnn lngmndesnisaiuwiuglunsindyuigedy
RDI9ONLUUNAINTONIUANNAI TRRALaNNIgiY walumeufuAudnduldlseinun

POBNLUUNATNTOMIUANNDM A Naum AU NUsens Tamsivegianuuudelasia

A [ =

AesonfedynnseAuiofndygiamimenundudyainnlaainileaies dnisidiaue
wallan1sAtegiankuudu g Mililanadnsnakazwiugnnd [7], [10-11] udinaila
IAAIHUAIULATIAILADINTIUNTUSULAILAE AUUAATNISITLRBSAS 9 Ainn vinliilal

azanmonisilulvruasa

nANudIAyedTleanesuardymlunisesniuuisasiiiosuaAyuaInIleaes
luingrinusatuiiaiiausmaianisivegandyyiuainileaesogiaing tnedyyiu
nszguluazgnldiiieaiiedyauamuauaiduial (Sequence time) nannisiitdauely

o & v v 1 Ao = & = o o g ¥ a
GU']L‘Uum@\ﬂfﬁ?\?ﬂiﬂiaﬁN']UV’TJ'WNQW'] "U\TLTJ‘U?{']Lﬁﬁlm@ﬂﬂ'ﬁl@@uLwaﬂaﬂa@mquLagﬂqlﬁLﬂ@



¥
v v A a

anuliuiug tassadvenaasiinaueifvuaian SnvisdaliuszaninmauasAuyui

%

Bnsne
1.2 nguszaeAlun1sininginus

31/1mﬁwuéaﬁ’uﬁﬁi’mqﬂizaqﬁLﬁaﬁﬁLauaLmﬁﬂmiaua@Lam e IUNg Ll wales
Tneldmadnnsiidne ludedldrsasnsesinunnuds fvuiaeasidnas nieurisdinszsing
FIUTBI995 TIBINIINAFOUANTTOULNISTUVBAsTITLaUelnnISEEULUUNS
¥191uv092993828TUSUASL MATLAB & Simulink  4azn15682995939 uona1nd sl
Lwﬂﬁﬂmﬁﬁma@mmﬁﬁmua wUszgnaldauiuasasulasainnugliinduussiulinsedn

1%

MY

a a Al =) ) v
1.3 ngeiuazuuiaanldlunsinyiAuadn

s aa o

nn1sfnwrasivegandyyuinsleanes ninsunauelusin 9319 ui1993

dulugfauailnguagldrsasnsesiiumnuinndudiulsynau Jeiosdanisusuusa
1 a o‘e{' o 1 1 o 2 a a :.ll L a 1 a 1%
A5 ITW SN iluldazainsanisiiluldnuase aneduinAmnURaNaInaINN15LY
1993090 UAINAAT 2 YaRlaaunssAiunU TR Tuinendnusatuiifelauaueisash
wegLandynnileanesodsdne ivsznauluiieisassandnsagy (Integrated circuit,
I0) NaU5a M lARINTIRINANe DNNTIaINITaUSUBAIAINISITWas Ay Tnga9asilvuini
An lideeld9asnsesniuaiudan vimlianunsadanavesnuliannegiuue 119950509

runminteenldld safeanmsnluldnuaiuazhludsygndidnivnsasduld
1.4 YAULIAYRINITHINYIUNUS

Inerdnusatuiiiausisasfiueguandygiuainileanesodiaiie saufenis
AT LTINS BNIEIMPADUN1TVIUIe 1ITIFoN T ABULUUNIT
¥91ur2993581UTUNTH MATLAB & Simulink Lagn139ie1sasass ileuandliiifiuiniees
fuaueluinerdnusasuiannsaiilulfnuaiddegugnies uarldfinisinsasiuegian

foonuuutuluuszgnaltay
1.5 519az199nv09 N INUS

Tuanerdnusatuidlanvadenivianuasonidu 5 Unwazn1eNuINgn 1 A1a Lagws

a = U 1 dy
avunilsreazidensana Uil



A [ & 1 = [ o v [
uni 1 uni azdunisnanfennuduinuazaudidgveslym ngussasdly
N1svinInednus nguuasiwifeldlunis@nwAuail YaUAUBINITYININEIINUS Las

NYALLDYAVDIINY TN USWHALUN

LY ¥

Unil 2 Ngefwazaddeineideduein Wunsnanimgeivestleanes n1shue
Aandyaueganlitunn wazndfeingiunisiveguandyauanileanesiuefniil

ANSULEUD

UN? 3 MENN13909399sANeanitaue Ysenaulumenisvinauvenasusiag
47U NTIATIEVANTIOULNITYINNIUYBINITTIUTINANITNARBIAINNITRLURUUN T

NIUTBNTU MATLAB & Simulink Wagn15¢83995934

unil 4 m3Uszandldnaiinnisiveguaniinaue 1 unisdnauenisihwannisves
19shuegasninauelydsgandldauiuisasuuasaianuglninduussiuliese lng

Usznaulumenann1syiiauYndes Lagn15¢e995934

uni 5 gyunanisidennsludneninusatull kazdaiauauusiuInislunsmuw

saluluauins

Tud UM 8BNS RNUSADAIUVBINIANUIN FIVLUFAIDIUNANUIFLNLATUNS

aa 6 = a U 1 tglj
ffust Tmedisneazidunnsnalul

a Y av v Aaa e
AMANUIN AN LLﬁ@QUW@’JWQJVILﬂEJU%@QV]I@?Uﬂ']i@W@J‘W



uni 2

1 1
o v

noeiazuIenngIvas

Tuineinusaduilidunsinavemalianisfveguandyyiuainileaesegiaig

snnddladinsimedalluuszendldausiuiuaesdu deduieldduwwinislunsfine

A v =

Tuunifadunisedureinguisazauideiiertes Jaldunndnnisiuresileanss
nsANeAERdAIMLTIYWIN (Amplitude modulation, AM) Lag995ALDRLAAFYYIMINT

Y
A o a
Aiausluafin

s

l9anes

2.1 NaNNISYNUVAISUaLIaS

v 1

Slwanesilugunsaldmsuinaininusitazsiunsuwnumyuvesgunsaingunu
i = s s aa o = ] Y =
nyusinge Sleaesidugunialinndnnuwiugigs danumuniuseynanisuindey wazd

An1sUgesnwien Jagnialuuseendldanunisdinumieg 81nune Wy UNeUueus

Y q

= A a & 1 o = T = o | | Y] a
bAIDIUU UEBULY  LAZATIAUNIEUUTUATILNYU LJumY sﬁﬂﬂiﬂiﬂaﬁqﬂaﬂqﬁﬁqﬂﬂﬂzﬂm 2.1

sUs1wessleanesazadiefunamesvumanduanslugui 2.2 Tunisussgndnistdau

v

aunsavlalagnsesununyureigUnsaindein sindafuknumyuYeIRIsleaios Tunis

'
a1 2 =

o = ) o i a o ¢ =
uesslealioiuy sedesdnedunalusuvesdyaialan Ve, adardaaunisi (2.1)

nszaulviiuvaaInlsines

Vex = Ay SiN (k) (2.1)
e Ve PB dusianseeu
Ay A AupuNGIRUBIFIMNTEAY

® Aa AR VB 1N TEAL
t Ag ALY
rotor ¥ | stator.
Vex .' | gsl‘.} V

5UN 2.1 w9siatlouneluvessiaaies



5UN 2.2 Slwaes

Ty 1040810NATLARINVARINALALADST dpsvANIRIRINAUEY ElPAINNITUBALANYDS

€

UYINNTEAUNTAAINLTLART AUAILUIENINVAAINLIABSLAZVARINAAADS FeyayIe

nailaInsleaneizeglusuuosdyaiala (Sine) wazlalell (Cosine) Inuunaiawsn

[ LY

snidudyaraieglugdvesilaiduled Ayuununyuresslgaiiasanegiudyynumse

%

= e ) W ¢ o o = s
sz wazvaanuniaesazdudyaaluuvesilsidulaled Ayunnunyuvesslvanes

]

fi

'
[y =< o

ARYAURYYIMLIIAUNTEY TIFUYIUDIANATIADILULANDIN N1TUOARALTI VA TA7

1Y

NGk
Vs = Aek sin (wf) sin @ = Asin (wf) sin 6 (2.2)
ey
Vg, = Ak sin (wf) cos @ = Asin (wt) cost (2.3)
W Vg o A0 S InusIiuYedunainiausn
Ve A9 A alsenunosunainvnildes
0 AD ANYULNUYYUTDIILYALIDS
A D ANAINTIIAYIAUIUIALBUNEIAVDIFYYIUNTEAU (As) AUAUINT

ANSAINIUY K SEUINUAAINEPLADITIUINAINLSHHDS



JUN 2.3 sUdauesunmInaLne iIsaa N Ui nansluaiies

- Ly (3

PNAUNTT (2.2) wag (2.3) wazgudl 2.3 azuldnadyanuusatueidnailaainilea

A7)

fa & ‘iJ L a )

nesddnwuziudyainiiiunisuegianiduin - delunmsiidygivainileanesiy
Uszgndldnudenesinisivegiandyainney lagnann1siuegiandya1aiduuiad

winngauiudygasleanesazesuigluidesaly

2.2 AANNNSALBALARG YL IULTIVUIA

[ PN [ [

duaauntianileanesasiludyyiauegandsuuin laemluudinishuegian

A7} A7)

v
= o

dyaraunuutazainisadinlavaleis weluiatellavundiegrsuannisnldiunaly 2

1

NANN1TeaL
2.2.1 lpunlay Auagiadu (Envelope demodulation)

wunlay Auegiady Wunshvegiandygisueganduuiniiewazasainlunig

457192995 Aauanslugun 2.4 dyaomenanvzgnanludunneias Wedyaraniudiu

A g 14 Y I | A g o £ ei.// ! J 1

Mdulaleaudiazgninmdaanzdrundudyyiuiiuuin 9ntuazgnasioniuis RC
& [ 1%

Feimihnidusasnsssiuaude laedwadudygramuuiniidadygranveosnly

e sananslugun 2.5



Vin C —/— R § Vout

5UN 2.4 19sanegianwuuiaunlay

oo Lt ([TS———
R WW s Wwv QUL

VOUt

JUN 2.5 dyaraunilannisaslugun 2.4

2.2.2 Tagsun Avagiaty (Coherent demodulation)

lngisuvt Aueguadu vie Jalasta Aveguadu (Synchronous demodulation) fu

(% al a = Y] a (Y al 4 (% :&J [ [
wannsaveganinuiulanilulunisivequandyyiasleaes lnenannisiagadeiu
nsueguandyyuenaTmils lnen1saudynyiununends (Reference signal) #3e

Fouranungidnly antuidygailaniuieasniessiuaudn (Low-pass filter) 1o

AadeyeruAuiaeeanll dmsumsinuremdnnisiadiswi aveqaduaunsouansla

'
a

AISUN
Y

[ (3

2.6 dUFYIEINANLAINUANNIT waRIRIIUN 2.7



Vin NWWWWW A?— Low-pass filter |——» /\Vout

Carrier

VN

5UN 2.6 nanMvIuYeINsAdegatuLuUlABITUN

o CatlOURRR O R
11t

VOUt

JUN 2.7 oy raunilannuannsnisvineuvesguin 2.6

A7)

mﬂwé’ﬂmiﬁua@Lamé’mmm%wumﬁugmﬁﬁwLaua aifuinlunsieugeamdnnsia
aosazdvseIfensUTULAsAM ez audas e dnndifosns 1sasuegLan
wuuleulaufesedunisusuusaan RC luaeas drunannisivenaduwuulagisusidesyin
AsUSuLAsAfimesvesasnsesruaudng swihlillazaindenisinluldeuads

U dl o Y dl
‘Viﬁﬂfﬂi‘Vl‘mLﬁu@ﬁ’luﬁiﬂﬁ?ﬂlﬂﬂQWﬁN% 2.1



M13199 2.1 MANNNTANALANH YR ITIVUINA

naNNIsANBALaNA I SULUUYD92995 naANliINuaNN1T

1959Usenaulumelalonse
nsfvegaakuueualay | $auduaees RC vimthdiidu 0 | \I \} VU | v “ U v |

29950 TDINIUAINUDFN

199539UsEnoulUAIB193IA
nsAveganwuulagisun A auauranniu9INTod
HUAINAN

2.3 29930NaQLEARIAIMAINIYALIBSTUOAR

nvguiiinamulddtedyaansiuersnanlaainleanesiialududadu
[y | o ¥ ¥ = o I v [ | [y
AuAyuvanunyy N5t dyaIuIInsleanesiuussyndldnuidndusedldanusuiu
gunsaivsensdudvihmihnulasdanaerdnailadanileanesidudaduivayuves
LAY 3R endfIRUasdynasleanias (Resolver converter) lagaiuunnsanlas
dyaanileaneiazudainsvihnuesendudesdiundn diuusnfediuresasivegian
(Demodulator) Yt navegandaaantainsleaesiiladyaaiusiraindyyin
nszAu nounvgnaweludidusold Fuludrunvasdyaramlalidudaduiuayuves

=~ o ¥ o U a a ¢ v X & o 1 a =

wnuvyuitethlUlgau dwsvinerinusatull Wunmsiausludiuvesnisivegian 3sve
nandsaniznshvegian Jdluitennluavesuigludiveisasivegandyyinainilea

¢l ° a
L’J@iVlLﬂEJquﬁu@VLﬁu@ﬂ@

2.3.1 29935hNRQLANdIMIINTIYALIBTHUUTILATIE [8, 12]

[
A a

UINAINTIBALIBTO AU IUNTANBALANLUY

[

nauIselusna nswUasd

v o=

YeIUNIEAU BgnTInegfudygiuvedilaaias

q L] o

LYY

&
Falastalunsmdndgyianing niod

el iud g aiinuainALusenineanlsmesuazsanainanned lun1siuen.an

wuugalastatuagaesldieasnsesiiuanudan  Tunismdaendyainaiiuigeeeniy




10

o A

doyanauntiazgnassieludnrsduuazae wolluldnudeluludiurensasuasdynyin

A

I 1 L a a CY A
LUU@’]&EIN ‘Viﬂﬂﬂ?iﬂ@ﬂﬂ?iﬂiﬂ@@Lﬁ@LLUU%QIﬂiUﬁLLﬁ@ﬁIUEUVI 2.8

vV

Va—»  Mixer > LPF LV,
A

Vex
: Ve

Vo—p Mixer > LPF — V/,
A

VEX

sUN 2.8 wanmsAneguaawuudslastadmivdygaleduaglaleianiluanes

(%
a

TUABUMTVINIUVBMENNNSANBAEAWULTlATTRAN SR UElAdY dyaa Vi
(2.2) oy

a

way Ve Wudgaanersnaildainsleanesiuguvedletiulaled dedaunis
(2.3) MU Ve dnludayaanseduliiuileanes Suviduaunish (2.1) dvuali A

WU 1 FIUAUVNTU Ask a2k9

Vi = Vi * Vex (2.4)

V& = sin (o) - sind - sin (w?) (2.5)

V& = sin (2zf7) - sind - sin (2xf7) (2.6)

Vi = {5+ cos (4xf)} - sind 2.7)
dnsu Vs azle

V&=V Ve (2.8)

V & = sin (w?) - cosd - sin (wt) (2.9)
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V& = sin (2xf?) - cosf - sin (2zft) (2.10)

Vip= {3+ cos (4xfi)} - cost (2.11)
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Vo= 5 cos(0) (2.13)
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Amplitude Detector #1 + unity-gain amplifier #1
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Simple Resolver Demodulation

Akira Ota, Wandee Petchmaneelumka, Apinai Rerkratn,
and Vanchai Riewruja

Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang,
Ladkrabang, Bangkok, 10520, Thailand

Abstract

A simple method to demodulate the resolver signal is introduced in this article. The proposed method can provide the
demodulated resolver quadrature signals, sine and cosine, without requiring the resolver excitation signal as the carrier
signal. Therefore, the phase delay between the stator winding and the rotor winding is avoided. The configuration of this
approach consists of commercial avariable circuit building blocks such as comparator, simple and hold (S/H) and
monostable multivibrators. Thus, the proposed approach is obtained to the economical attraction. The operation of the
proposed demodulator and its performances are confirmed by simulation and experimental results.

Keywords — resolver, demodulation, suppressed carrier, sample and hold

1 Introduction

Resolver is an importance transducer in measurement and
control systems. Its applications are in the form of angular
position measurement such as robot, aircraft, CNC and satellite
tracking antenna [1]-[3]. The interesting for using resolver in
these applications is due to the fact that resolver provides the
benefit in term of high reliability, rob and maintenance
free [4]. The configuration of resolver is a kind of rotary
transformer where rotor winding is a primary and two stator
windings placed on right angle are secondaries. The resolver
operating requires an excitation signal for rotor winding. The
output signals from two secondaries are produced by the
modulation of excitation signal at primary and the rotor shaft
angle. The modulated signals from resolver are results in
function of sine and cosine. These output signals are generated
in form of amplitude modulated signals with double side-band
suppressed carrier. Traditionally, a synchronous demodulator is
used to remove the carrier or excitation signal and produce the
angular of the rotor shaft. The use of synchronous demodulator
requires a low-pass filter, which is phase sensitive device to
reject high frequency component. To determine the rotor shaft
angular, both output signals of resolver are used [3]-[5].
However, the inaccuracy of the shaft angular readout is due to
the mismatch of synchronous demodulators used to detect
angular signals from secondaries. In general, a low-pass filter
provides phase shift of output signal. Therefore, low-pass filters
used for two synchronous demodulators of resolver secondaries
must be perfectly matched for high accuracy. Unfortunately, two
perfectly matched low-pass filters are improbable for
implementation. In addition, the inaccuracy of traditional
synchronous demodulator is also disturbed by phase shift
between the excitation signal and carrier presented in
secondaries of the resolver. This is due to that the synchronous
demodulator requires an excitation signal to remove the carrier
presented in the secondaries. There are several techniques to
demodulate the resolver signals with more accurately results [6].
[7]. Nevertheless, these techniques provide large configuration
and inconvenience for implementation. In this article, a simple
technique to demodulate the resolver signals is presented. The
excitation signal is used to provide the time-sequence control
signal. Therefore, the inaccuracy due to the phase shift between
excitation signal and carries is avoided. The output signals can
be produced without low-pass filter. Thus, the phase errors of

the resulting signals from secondaries are eliminated. The
proposed resolver demodulator circuit shows the benefits in the
terms of small in size, high performance and low cost.

2 Circuit description

2.1 Principle

Principle of the proposed resolver demodulator is shown in Fig.
I(a). The configuration of proposed principle comprises four-
circuit building blocks i.e. sample and hold (S/H) circuit, zero-
crossing detector, quarter cycle delay circuit and S/H control
circuit. The operation of the principle in Fig. 1(a) can be
explained as follow. From Figs. I(a) and 1(b). zero-crossing
detector converts the excitation signal (curve i) to square wave
(curve 7ii), which is used to generate time sequence for control
the operations of each circuit building blocks. The quarter cycle
delay circuit delays the obtained square wave signal to one
fourth of time period of the excitation signal. The output signal
of the quarter cycle delay circuit is sent to S/H control circuit to
control the operation mode of S/H (curve iv) where logic level
“1” means sampling and logic level “0” means hold. The
resolver signal (curve if) and S/H control signal (curve iv) are
simultancously applied to S/H in Fig. 1(a). The S/H is controlled
by S/H control signal to produce demodulation of resolver
signal to the angular signal (curve v). It can be seen that the
proposed technique can detect angular signal from resolver
signal without using phase sensitive device that requires in the
traditional resolver demodulator.

resolver angular

signal  (ii) Sample & (v)  signal
Hold (S/F)

excitation ;
signal Zero- | (iii) Quarter S/H
%) ing > cycle - control
detector delay cireuit

(a)
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(b)

Fig.1. Proposed resolver demodulation technique.
(a) Basic principle
(b) Signal waveforms of each point

22 Proposed circuit

The proposed technique for Fig. 1(a) is depicted in Fig. 2. All
devices used are commercial available components. Therefore,
the circuit is easily setting up and low cost. From circuit in Fig.
2, opamp Al functions a comparator to compare the excitation
signal with ground potential. The excitation signal in the form of
sinusoidal wave is converted to square waveform with 50% duty
cycle. The positive going edge of square wave is passed to trig
the monostable multivibrator MN1 to generate a positive single
pulse. The pulse width of the output pulse from MN1 is assigned
to the quarter of the excitation signal time period. The falling
edge of the output pulse from MN1 will transfer to trig the S/H
control circuit formed by the monostable multivibrator MN2 to
provide sample signal for S/H. The time period of sample signal
is set to minimum time requirement for ability of sampling to
hold of S/H. Consequently, the S/H will sample the resolver
signal at the peak amplitude of carrier signal and hold. The
angular signal or demodulation signal is occurred in the hold
stage. It should be noted that the operation of the circuit in Fig.
2 is agreed with the proposed principle in Fig. 1.

resolver angular
signal 1) signal
(i) *D'/’ "_D__>
—=Ch
o T
monostable
MN2
A
excitation
signal
monostable
5 multivibrator
MNI

Fig. 2. Block diagram of the proposed resolver demodulation.

3 Simulation and experimental results

To demonstrate the principle of Fig. I(a), MATLAB
SIMULINK program was used. The results of each stage can be
shown in Fig. 3.

iti

LU

Fig 3. Simulation results from MATLAB.




The performance of the proposed circuit in Fig. 2 was confirmed resolver angular signal
by experimental implementation. All devices used in the signal g [ (é)

proposed circuit are commercially available. The devices of
LF398. LM339 and CD4528 are used as S/H, comparator and
monostable multivibrator, respectively. The excitation signal
was set to 3 kHz sinusoidal wave with 5V,,,. The resolver signal

Sample &
Hold (S/H,)

is provided from SANYO DENKI 101-4100 resolver. The pulse e .
: . s ¢ 3 resolver angular signal
width of the monostable multivibrator MN1 is set to quarter of o
bt e : signal ¢ Sample & (4)
the excitation signal time period as 83pus. The S/H control pulse —_— }i 1d pS/H ) >
width is assigned to 5ps for S/H (LF398). The sequential curves old (S/H:
from excitation signal to S/H control signal are shown in Fig. Q
4(a). It can be seen that the output curves of each building block 1
are similar to the curves in Fig. 1(b). The resolver was driven to
the speed of 1,800 rpm. The resolver signal was applied to the monostable
input of S/H. The results of the angular signal are shown in Fig. m“’:\'}]‘\;’:a“"
4(b). In addition, the sine and cosine signals of resolver can also =
be achieved by including another S/H as shown in Fig. 5(a). Fig. . A
5(b) shows two demodulated signals obtained from secondaries cffl‘“'"“
of resolver. signal
monostable
A multivibrator
2 _—— MNI
STOP | 100.0us @R &g mannnn)  F B -40.00U
a e -
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Fig.5. Measured results of two demodulated signals, sine and cosine.
(a) Block diagram for two signals demodulation
(b) Modulated and demodulated signals of the resolver
driven at 1,800 rpm

4 Conclusions

\

A simple technique to implement a demodulator for resolver
has been presented. The components used for the demodulator
are only the commercial available devices, i.e. comparator,
sample and hold, monostable multivibrator. Two angular output
signals, sine and cosine signals, can be simultaneously provided

(b) using same S/H control signals for two S/Hs. The advantage of

the proposed demodulator is that the phase sensitive devices are

Fig. 4. Measured results of the proposed demodulation. without requirement. Simulation and experimental results
(a) Signals of each building block demonstrated the circuit performances are included.

(b) The obtained angular signal from resolver
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Front-End Interfacing Circuit for Capacitive Sensor
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Abstraci—This paper presents an interfacing circuit for
capacitive sensor using charge amplifier formed a capacitance-to-
voltage converter. The proposed circuit is suitable for the front-
end analog-to-digital converter (ADC) and wide variable range of
sensing capacitance. The achieved output voltage provides a
linear transfer characteristic and fast response. The circuit
configuration is implemented using only commercially available
devices. The performances of proposed circuit are confirmed by
experimental results.
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I. INTRODUCTION

The detection of physical quantities using capacitance
property is widely applied in industrial process control,
measurement and instrumentation systems. The capacitance
variation of capacitive sensor is depended on the change of
physical quantities such as displacement, pressure, weight,
humidity, flow and liquid level [1-4]. The achieved capacitance
from capacitive sensor converted to electrical signal can be
found in many techniques [2, 5-10]. The method for converting
capacitance to frequency or interval time has been proposed in
literature [6-9]. Unfortunately, the specific circuit building
blocks are required for these approaches. The circuit design
technique to interface capacitive sensor based on the use of
capacitance-to-voltage converter has been introduced [2. 5, 10].
Two earlier approaches [2, 5] are suitable in the term of
integrated circuit. Therefore, an inconvenient will occur during
implementing of these approaches. Interfacing circuit design
for capacitive sensor using commercial available devices has
been introduced [10]. This approach is suitable for being the
front end circuit of ADC due to the obtained output of this
technique as the sample-and-hold signal. The charge amplifier
and amplitude detector is employed for this technique.
Nevertheless, detecting the voltage amplitude from charge
amplifier requires twice of the period of the sinusoidal
excitation signal. Therefore, time response to varying
capacitance of this approach is quite low. If detecting time is
reduced, the response time will be faster. The aim of this paper
is to propose the interfacing circuit, which improves the
response of the literature [10], for capacitive sensor. The
proposed scheme is suitable as the front end circuit of ADC,
Detecting time for capacitance change is used only a period of
sinusoidal  excitation signal. The circuit configuration
implements  using only commercial available  devices.
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Experimental results showing the performance of proposed
converter are also included.

1. CIRCUIT DESCRIPTION

Block diagram of the proposed technique to realize
interfacing circuit for capacitive sensor is shown in Fig. 1. The
configuration of proposed converter comprises of capacitance-
to-voltage converter function from charge amplifier and
amplitude detector based on sample-and-hold circuit. The
amplitude of voltage V- is depended on the capacitance Cy
from sensor. Then amplitude detector is used to find out the
voltage amplitude Ve which is the output signal of proposed
interfacing cireuit.

A. Capacitance-to-Voltage Converter
Capacitance-to-voltage converter in Fig. 1 is based on the
use of charge amplifier as shown in Fig. 2. Operational

amplifier (opamp) Ay, resistor Ry, and capacitors C'y and €,

function the charge detector. The voltage V., with sinusoidal
waveform is the excitation signal applied into charge detector,
Thus, the relation between voltage V,, and output voltage V)
of charge detector can be given by

iy R
4 ;,%’L._-".__-f__p'[_r (0
JOC Ry +1

where @ denotes the angular frequency of the excitation
voltage generated from sinusoidal signal generator. Cy defines
the sensing capacitance from capacitive sensor.

It can be seen that the output voltage of charge detector V,
is in form of sinusoidal wave with amplitude depending on the
value of capacitance Cy. Due to the voltage F; is quite small,
the voltage amplifier formed by opamp A, and resistors R and
R> is employed to gain for the suitable voltage. Thus the
output voltage Vo of capacitance-to-voltage converter can be
expressed as

joCy R
- (N Y @)
R\ jor Ry +1) ©

If jexCyR, >> 1 is set, then the voltage V- can be approximated
as
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Fig. 1. Block diagram of the proposed interfacing circuit technique.

3)

From (3), it is clearly seen that the amplitude of voltage Ve
depends on the capacitance Cy while resistors R, and R»,
capacitor Cyand voltage V., are fixed. Then the voltage Ve is
transferred to amplitude detector to remove sinusoidal signal
and produce the dc voltage related to the sensing capacitance
Cy.

B. Amplitude Detector

The configuration of amplitude detector used [11] consists
of sample-and-hold circuit S/H, two monostable multivibrators
MN, — MN, and comparator CP, as shown in Fig. 3. The
voltage V. with amplitude related the capacitance Cy and
existing excitation signal V., in form of sinusoidal wave is
applied into S/H controlled by S/H control signal F5 to
produce the output voltage V,,,, of proposed interfacing circuit.
Comparator CP; is used to compare the sinusoidal excitation
signal ¥, with ground potential for generating the square
wave V5 with 50% duty cycle. The rising edge of square wave
signal V5 is exploited to trig MN, for produce the positive
single pulse. The pulse width of obtained output signal from
MN; is one-fourth of excitation time period. The falling edge
of single pulse is used to trig MN; for generating the S/H
control signal V5 for hold the peak amplitude of excitation
signal. The dc voltage V,,, related capacitance Cy is obtained
at the output of S/H. The operating waveform sketches of each
node (Ve Ve, Vo, Vi and V) in Fig. 3 are shown in Fig. 4. It
should be noted that the output voltage V,,, of the proposed
converter relating with the value of capacitance Cy from
Sensor.

ITI. EXPERIMENTAL RESULTS

To verify the proposed principle, the converter including
charge amplifier in Fig. 2 and amplitude detector in Fig. 3 was
experimentally implemented using commercial available
devices and circuit parameters as summarized in Table 1 and
Table 2, respectively. Voltage gain of A, was set to 20 times.
The performance of amplitude detector is shown in Fig. 5
where V-and V., are 10kHz sinusoidal with amplitude varied
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Fig 4. Operating waveform sketches of each point in Fig. 3.

=

0V to 5V, and 2V, amplitude of 10kHz sinusoidal signal,
respectively. From Fig. 5, the upper and lower traces
demonstrate voltage V- and output voltage V,, of amplitude
detector, respectively. It can be seen that amplitude detector
used in this paper spend a period of excitation signal for
detecting time of capacitance Cy change. From (2),
Capacitances Cy 0.0005uF, 0.005uF and 0.05uF were
selected for suitable range of capacitance Cy from sensor. The
10kHz sinusoidal excitation signal V., of 2V, amplitude was
applied into the circuit. Figs. 6(a) — 6(c) demonstrate the plots
of output voltage V,,, against sensing capacitance Cy varied in
ranges of 0.InF — InF, InF — 10nF and 10nF — 100nF,
respectively.
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TABLEI. DEVICES USED FOR IMPLEMENTATION OF THE PROPOSED
INTERFACING CIRCUIT
Device Part Number
Opamp (A - Az) LF351
Sample and hold (S/H) LF398
Comparator (CPy) LM339
Monostable multivibrator

(MN,-MN3) CD4528

TABLE Il. PARAMETERS SET FOR IMPLEMENTATION OF THE PROPOSED
INTERFACING CIRCUIT

Parameter Value
Vo, —Vss 7.5V
Ry 100kQ
Ry 15kQ
Ry 300k
Prevu [———

CAT 5.00V

Fig.5. Measured signals (V- and V) of amplitude detector.

The error of obtained output voltage V,,, from the expected
value is also illustrated in Fig. 6. It should be noted that the
worst-case error is less than 25mV. It is evident that the
proposed interfacing circuit can convert correctly = the
capacitance from capacitive sensor to dc voltage. Moreover,
response time of this proposed scheme can be reduced to 50%
from the literature [10].

IV. CONCLUSION

Interfacing circuit for capacitive sensor has been introduced
in this paper. The proposed circuit using only commercial
devices provides simple configuration and low cost. The
obtained output voltage is proportional to the sensing
capacitance. The response time to the change of sensing
capacitance from sensor is used only a period of the excitation
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signal. Experimental results verifying the performance of the
proposed circuit are agreed with the expected values.
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