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Implementation and Evaluation of a Prototype Capacitive-Type Rotary

Encoder

Fatemeh Asadi, Mehdi Modabberifar, Bahman Mirzakhani, Abbas Pak

Abstract: Angular displacement measuring encoder is one of the most important measuring tools
in the automated systems, industries and machine tools. In many of manufacturing and production
processes, rotary encoders are used as reliable tools for precise positioning. In this study, a new
capacitive-type rotary encoder with un-tethered rotor is designed. The main components are made of
printed circuit films. Hence, the encoder can be set up in thin inter spaces. The encoder consists of a
receiving stator and a transmitter rotor, respectively containing four-phase and two-phase electrodes.
In order to designs an un-tethered rotor; the encoder employs a unique approach. Electrical power is
supplied to the transmitter rotor by electrostatic induction without any physical contact. This un-
tethered rotor can facilitate sensitive applications that a mechanical disturbance caused by an electric
wire can be a problem. In this study the encoder was built and its performance was evaluated. The
result of experimental evaluation shows that the encoder has max +0.09 degree error.

Keywords: rotary encoder, capacitive-type encoder, increamental encoder

b Ve el i o5l 011 335 13l 5 S Olectige ezl o 287 als ke (silge 1L Sl adge oy 5


mailto:m-modabberifar@araku.ac.ir
mailto:b-mirzakhani@araku.ac.ir
http://dx.doi.org/10.29252/joc.12.4.55
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.2.2
http://joc-isice.ir/article-1-437-fa.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.2.2 ]

[ DOI: 10.29252/j0c.12.4.55 |

Soss 3l ol oS ST AT 650 K b5 5 ileosly 0%

S ol 5 S e e P (S ke (Shg ¢ (Shul 4abls

AL o okblinml (Sl e Sl e JSE U 5 par Joolo o7
Ol 1) Cambge (9308 4 S 53 K> Condpn w5 L &S
S A e 05,50 Sl KT e oK als 53 5SSl eplls adeds
LS o lelid ) S 56 s Sl 5 5 g g0 JSB e Jool |
P sl e 1y okl 5 IR 48 iy 0 jlad &S,

S5 By a1 Skl S s S s S
S b Cand 5 il o daul s (o s 1SN (glyls 45 S e Coad
OT 55 50 55 56 ez slass xS 5 0T (cbaoy LS 55 Ll clas s S
s o 33 4 &S ULl 0 s JS5 3l 3
5 Lsdor Jame Sl T 3 W1 slang SN 4 AL e 4
S oy gy S (55 5 Sl S W G b 51 K
Ol s e 4 58 00 W1 ls 15 S slasy SUI folae
slowl 56 5l slass S (55, oy Glas g S oy (S S
P o B e slaoy S Lo 5 Ol glals b oS 055 o0
bs o)l 56 Ol am s 4 a4 o &S 558 00 S (61,5
R P9 R ARNTC N L TG I S PR GRETICIOUN UK g
LFa) plralr © 015 0 50

ol S G G5l el S S 5 5L Ses 5 oS
S5 S 4 o lasg S S amies 33 51 G5 gl S
S b B b e ST b e S SUIs STL VeSS L
S o3l e Sl 55 5 Vb i b S o S &
Llg Ko o oddodalin oo LotlbT Gk s
G0N e g \YF Ladeis Sl Ll e de Yo b glrals
Jo]as”

Glp S gl Ko K LK 5 Lot
Sl L3S 6l goie 5 Bl - sh (55, p o (slacs S o310
ol el ot S5 ol ol e L 3l K ol Lol
S Olgea on 5 (Sbls S 550 oS Ol e o il o0 S
o oddastle 53S0 AS o Jis psba olralr 3 S
s Syl 5 Obsly /88 o, S e Il (g3 gdoee 45 DLl +/44F
[Pl sl ey Ks 48

S LS Sl s S oSl 5K 5 1 seS
2Ol gl e S 51 ol Gl il e o OT oA
SYsb VeSS fols Ko opl blodbiastlo jto s /Y Sl
33536 sler Jolb i 4 o ol ol ob S 4V K 5 08
Olsie otz b 5 05 ;8 5 i3 Ol sty abael s bl o 55 2501 56
c.ué,;(}lo\j: codi 33 03,5 3 gudousl (gl .3 58 oo 03lizal ) Slzul
osls Jlasl aewly glasy w4 SGlkaly 2SI GBI Lo 5 4 dss
ol pl 35 oo o i) (S S (a5 g e
SdMest 0T 5 & ala Glas )8 6l OlF oo 1) 35douel
JSe ) 532008 435 0 slul (S S Sl ) (U (SIS

doudo -

Lol J 28755 los 28 5 sba Sl slass oSS 31035 0l
©320 2 5338 g0 eslinal (3de J STl slagdle 5 smio
i gll Wl w25 2wl &S o5l P oS
3 01 Sl STl (sl Lols .ol gl sl 3 5SSl eSS
S psls s w655 sl sSOl s sh e e a0 a) SGSS
LR o S 51 S 058 51 S o 53 g lao Il pasets
Syl O 5SS L L STl ol Caed Lel s 8 b ge
Lyls 5L s Shas 5 cnad sl 3L SLad 5 odd L) el
Sl e 503 olos Laes (sla ST 4 a3 SO ol e
53 Ak 383 sLas St ls 4 )Le s S 3555 51 6,8 s 6l sles
Okl Skl (lyls pblin slays Sl s O b 5 cs 8 ks
S S padeii Dyl 5 S Jy Ames 05T ladasws 33 (6 2i
o3l slle Jds 4 G5l (sla s ST ils (555 (sla o 5SSl & o
oslitul Jliows Glad S wile olaylpl 5o Lo 8 So 5
Slyps 5 b Sl DIk 4 Sl LOT Caslin 5 Wi
LYl bliae

23 S Jlie 6s w516 Gss G5l 53 S g eSS
W TCIN YL o W IR PSP AT PR T K ¥~ SO PR P F
S SIS 4 sl o 3 tia (slas s SN sl 5 ub
K555 o ozt O (glas g 830 S oMt a3 FO L 51 Cutia
uoTrthug@@mb&n&\,u,\;p@asf;ﬁai.ﬁnfr,;
33 3 p3 s il e Jol &K slasg S o8 il ler
Sl Jlie o5 pute K> 35 S s il o 2S00 yls O b
Jlie 56 5l LS ¢ gome 5 5,8 o 15 sl &Ks 55,
b S IS a5 25 WIS e 55 S0 (555 p 0T
6Ol (6 8 0 INN L 5 555 on il p g Ess (55 1 $Krs S5
D s lasls plralr & 015 0 &S o 51 ool

ol s S a1 il esle plralr S oK B 5 55
s SN bamis 1 SG tors L85 (55190 (smir 33 31 Kum
3168 s ams oy el oG S5 o1 S0 ladlolil glals
syls 1y sleKaT (._<,. S 5SS Gloiltl b glals glas s S
OT 56 auslin 5 basy xSl o S5l b b oSl bl o LSS5
s 4 gl e Sl sdBasls alds 4 S e S b
oo 5 oy Ko Yoo 5L,y 8ET (glany S (sl b 0T T o
6 Pl lie 3 bass SN sl 5 s, Se 00 35S 55 o
(Y] s 205 S0 K aints Opld 4y o ke

SU L Gl Gl 538 Ko g5 S LK 5 Ol
iz 3 it (sls DLaSTL IS8 (slo s 5 65 Jald 535Sl ol sl
N IS gl eals sl jisw 51 e a a5 il e oole

Blay s8I eSS sl 35S0 ol s sl oo Calies (sla s

Journal of Control, Vol. 12, No. 4, Winter 2019

QY Gl F o jlod VYl o J 28 dles


http://dx.doi.org/10.29252/joc.12.4.55
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.2.2
http://joc-isice.ir/article-1-437-fa.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.2.2 ]

[ DOI: 10.29252/j0c.12.4.55 |

ov Soss 3l ol oS ST i leT 650 K ) 5 ileosly

STl ple 5 S e et P (5 ke (S ¢ (Sl acbls

b il Sl ksl Sale s Ll @ a5 b dlie ol 5o
OT sl b 5155 & 503 &G [V] Aals oot 53) 5 Sty 31 a1
Jisl 558 0wt 5 b 6l 4l alrale 658 o5l S
Sl & S 93551 ) 087 G2y 515 5 035 S50 oS 5L
Ol 1y ey pl s Eags S Sl ol dles i awblin
OLSS 5 O 5as 5 o 5kal) 535851 Slomio 03 153 s 4 .48 0
235850 53 (s G5l 53 SOl (sl S ek 0355
S e (ol 2 S s s W (glasy SN s
3ok B sy ;SN (S SN ol 513 5 095 5 2503 (5 S
%G)zﬂldﬁ\.@\c;)u&&s—@;,.T.J@‘)}A):_,g;bzo.uﬁf
O ola 51 53 Kl 5 gn iomen 5 2303 1y Sl Slaile gl 55 s
.5 g5 eslazal c_t.a

2 oS kilss 5 6o el o3 i 3 5 lae ol aelsl o
poe S 2 5 aelal 53 s o s A5 g Je a5 LTS
poler i 53 sh e 03l b5 53 Sl pl Sl s s Jol e
sl b 4 56 OBl sy IS (53l ST iy, i oyl
5 ok wtlu 43 Sl oy S 53 35 o0 Ol Eoled L6
i i 92 Blg o e gl el OT Gl oomie 5 odd G5
sh o pa e i ol 3 edeT Sty mb

Wl gl 19 9 Ga98 Jgo! -F

b b G5l 5SSl ksl 55 Shee J ol dlis 1 tdw a5
s Jie bl 5 0 0L el o5 5 Skl g 531 (ol
el 5 56 Ol 4 535Sl o) gl biS oy s
55 g0 0313 s 5 S

b ik 535Sl Shas J ol 5 ksl V=Y

NWA PR PRG S tW PR S PF

Sty S G o i3l 53501 5 Shas ool 5 5L
SLas 1y 565l epl eSles Y S Lol 030 [V] 53 el o 33
Olgea 4 ) 5kl Coand (il o Caad 53 Jold (53 S5l ol las o
o 33 S g IS oy Ol oy 457 0k JA) a5 0k 3 5 03, S
35 $laag SN ol il o 56 53 (3l g0 slas g S 1> 35S e 5o
I 55 31 etz b (S0 U1 Jouiley Olitn &5 sl o) e 4, 56
Joedley Oln ol b5 n S5 o5 53 WA 5B OV b e st
i 5 glalid gkl (5556 ler glass Sl abn yay SS SI
S Bl S5 balyen ok ek 5 gkl b el
55kl 36 Sl sl S s s5mss B85 e 56 3 slasy S
ool pesdle dzaap gl 55 92p ax}ﬂjséb;jjzﬁ‘rlf.sﬂ@
shyls Ol b slialy 53 0dija) Cand 5 glinl Cad (glas s S
oslizul Sl glasy S Olgea o5 diibe Lol slasy S

Ly o glan s 58148 Wiloss 1 b (g5 sb Wl (clas g SIN .05 55 e

ools Ol 1y ey S HE gl iole3T wses 5355158 > 1
V]l

35 Jols 15 Glhgs Gl L3Sl eSS s 5 (LIS
03 S et s S b il S8 Ko s
DS S e it A S (Sl kg 2 S g 5
L b ol 5 s K o U i L &G J 2S¢ Joe s
el S e S g 1 5 sl 2531 S5 i
S sl Ll o 545 0 S 39 S i b 6 53 Sl 3l
655 SKop)lr &K sy b Sl 5 by S o Sl
35 280 5 B 5 S i G5l b B ¢ S 35 SV
G b ol 03 i S e sl i s KUK ST S
L b o b g S glasg S by G55 053 Ol 53
P les 5ol 03 Dl J a5 o) e ST S 5, S
by SRS 5 Ol sl b 5 A5 o glulid |y Ko 55 S
[ALS o omi 15 Sl

Sy e Ghss G eSSl eSS LS 5 K55
G (Y Uit du (1 ial ool 3w 4w glyls 53551 ol ks S
s ok, S 55 mS i &S (F oS uSiae slas 5 1S i
b3 o oS Sl o3 SIS 555 5 L5kl &K1 L0 Sl ot
LS Ly blae 5o skl O beS wleddastle PCB (g5
35 A8 S S L L a) 5 2005 13 iy o Bl slasy S
Sl sle s o b ys ol adosls iy oS uSiais Ul
Sy Sl ol pan a4 JUl i (slasy S ol sddcal S
&S okiS W Sata slasy S S e 5 SS Ol ¢S o
el 1y sty S A5 e dien g 5SS sl
Jalaes Laseis snsd s JuKw atels 5 i85

Sl Ghss G5l LSl g § s LK 5 S
el 5595 ESS 5 Fll ES als Sss S5l Sl l il
SIS S LSS (m bl 5 olite Oy g 4 5 gl (sl 5 SN
S 33 0L Jsb (ghyls 5 slial glas g SN s Lilodis 1 b
053 s S Olea & Kl S slasg S dzer oo
ol db ol L1 skl Glasy S YL Ced s il e
G K ghyls S5y il gl glasy SNl 95 Lasg S
5 o5kl .l 03,8 dbll ) il Hgoe a5 Sl S (gl gzl
..\J‘n.\.&\u\q-ﬁj\d&fi‘\é:a;h&\ifwijmvﬁrﬁ\{)};))
S il o Kl S 55 S w5 gl 3 SINA Jols 3 Sl
e S 03 SO I il ol b S S slas g S
o K Sl (Glsd Cumbse ok Soyge 3 Ao 3l
1y Oloss Sl Jdosga o 1 ey o8 ST oo Jlayl S 85 S

LV ]S s eseia

Journal of Control, Vol. 12, No. 4, Winter 2019

QY Gl F o jlod VYl oJ 28 s


http://dx.doi.org/10.29252/joc.12.4.55
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.2.2
http://joc-isice.ir/article-1-437-fa.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.2.2 ]

[ DOI: 10.29252/j0c.12.4.55 |

Soss 3l ol oS ST AT 650 K b5 5 ileosly oA

S ol 5 S e e P (S ke (Shg ¢ (Shul 4abls

Al e Ox 12T Jslan o8 il o bl o) 1SS IS X 514D
Lo 5 8 A8 o o) o g 16 Cin(0) Lais )5 1 Ol 5o
Sl ol o5 5l 05 0 S (o2 B sk 4 (o WU

Wbl bl Gl s B opl sdr n B 5 sbe

RECCHN u'i:" ) L;J,:fo)'\.\jl
Eeceiving and Transmitting Electrodes Inductiom Electrodes
5 6 ®) ©
1 2 3 4 7 8

[VIsb 5o 585t dotan (S SU1 Jke 1y JSCs

(Lo ) b 55l o daily 3 aly s e 3l oslizal L

B3SOk 25 S pen Olg o | WPl 5 5
q=cv Q)

Rl 4 ST AXY sl 3l LIc be Vs G abaly opl s
Al or dls 5 S gl 5 bl

U ko Y-

Wl g S S glady 35Sl 31l oy sl
S0 s 355 on Jos] At ki 5 ok (ladlin 5 S ol
Dl ke Vs
V = {v1, v, V3, V4, Vs, Ve, Vsin wt» —Vsin wt 3 ®

Sy sl ol iS5 Sy aels i 5 4@ 5V bl ol o
REV-I ululeﬁ LV sl s S slass Sy ods Jles!
Db R 5 Do 4 5Ll S

q =1{0,0,0,0,0,0,q7,9s} ®

4 I e Ly okd Jlesl slasl 8 5 G7 Al ol 5o
ez b eSS sladlie 5 sl s sl p Bl o Wl (slasy S
3355 (riliboal b ke Sl eslizal b o 550 g0 43 8 ka5 53 1555 0l
S ol s Mgt S 30 6l sl S sl YU
s dal i 0l o 35 2S5 ol b D)3 4 (S S L4 S
Gladln 5 by el i sl U eSS Ll 5 L 55 o0l Gb
e (SSU pin n @ 15 g Wl e A
VLV2V3 05U F doles 559 50 5 aales Ol 15 L il o

AT s 5 Ve

V, = K.v cos(8,) sin(wt)

V, = K.vsin(8,) sin(wt) W)
V3 = —K_ v cos(6,) sin(wt)

V, = =K, v sin(6,) sin(wt)

sl glas s xS sl 513 gilial (glan s B (65 2 adad o 53 4
S o 4y B g 7 m 33 3l o3l b Sl (b )3 ) gl Cans
O3l JSCas e A 5 gl W glass S ST 0T 3o sa e
skl Sl glass 2SOl g5y AC lasly 05,8 Jlasl b cdias o
28 WAC S S il oiza) oW glany 2SI s 015 oo
s oz 56 95 (o s SN wouki 3 oWl (glas g U1 ST T 5!
5 Jta 316 53 glas s AU 4 e 0500 1y (SCSU1 (6551015

Two-phase

transmitting Moving Induction
clectrodes dircction clectrodes
> )

sy RNy Ansens
ANV AN

¢
\6%/ ;4,/ i é/ Detecting

Stator Induction ~ Slider  Four-phase circuit
clectrodes receiving
clectrodes

[V] sl eSSty S il b as 5 SOl eSSl lsle ) S

23551 s Jobe Y=Y
53 e e 0l 1) 35Sl cpl gl dalee (SO SN Jute ¥ S
ladls 5 codesls Lol Jls 5 St Low 5 556 Sl b Jube
5o bl s Sl H5lal 55,5 36 Hler 4 b ler B e
Jraze 0di 3 W) (slass SN 4 o7 56 s slasg Sl Ly 22
Loy sl ol glasy Sl 4 i 5 Cds gladlis j Azan
b Jlns g5 A o S Sladle s Ok > Ao
S8 015 0 S o g il Sl eslizel Lo s o sl S5l
oy 3 3,5 s bl 0l (o, S w ) Gl slacs b
23T 1 3 SS l Gl e Sl s 5 Ole ikt

55 ol

@) am@-m

Cst —Cta —Ctp ~Cta L2 L2
[ “Ca Cst  ~Ca ~Cp c’”(g"iz) c’”(9”+2) 0 Ol
—Cp ~Cta  Cst ~Cra m@—m) a8 4
| “Ca ~Cp “Cta ~Cst i T, |
n@+3) =) 0 0
s s 2
| @00 @6 @@ @Ot ara a0 |
s . — Cs F € —Ci
[ene =) en@:+3)  m(Bx) Cn(6x—3) N T
5 2 0 2 ¢ 0 G
[ 0 0 0 0 0 - 0 g I
0 0
")
Cm(8x) = —Crmo — Cipy cos(6y) )
m
0, =—x ™

2p
,LJULA gfﬁ"‘“ Cst, Csl, Cta, Ctb, CI, Cl, Cmo, Cmi J«gj'ba Q’l‘ 3

L on o lle 5 Ol cwdin Laly ) Lo 5 45T s e 6

Sl OT (S S0 4y 15 otian sl Ox g 0380 oloale Ol X ke

Journal of Control, Vol. 12, No. 4, Winter 2019

AFAY Oliane 5 oF olad VY lm o 28 aloes


http://dx.doi.org/10.29252/joc.12.4.55
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.2.2
http://joc-isice.ir/article-1-437-fa.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.2.2 ]

[ DOI: 10.29252/joc.12.4.55 ]

o4 Soss 3l ol oS ST i leT 650 K ) 5 ileosly

5\1‘;‘[79}@\’“)'):‘&&‘}6;:“\‘64#‘64‘“‘@&

2530305 faldee iy Bl B2 SIS G500 5 Sam W
Llaed 8513 5 gl Coond 53 o5 55 63505 SWln F aon il e
33,8 (oo 5 gl 51 iy 5 ABL oo e 5 555 4 (oo gt 5
S Y by i 03y o doat /N Ty 5 o1 5 ) el el

I PRV N P PPN g

odki b Slhss ik oSSl eSSles S IS

()

60 mm
® \‘ T R

¢ 11.4 mm

5mm

)
33501 silal ks Slasetin (0 5 o a4 ga () F S

S le Ke daly opl ys S

2¢;c
K. = . ml o)
—4cpy + (6 + o+ cg)(ese + cop)
8 dsles Spgo 4 bl s ol Sl e Vbl s IS
Al

Va = K, (v — v3) = 2K K, cos(,) sin(wt)
Vg = K,(v, — v,) = 2K, K, sin(6,) sin(wt)

s el (Sl oS 5 (5 Ko bl s
Codo 1) (8L (IR 65 e Sl g Lilg oo Sl oS
SIS Ll o 352 53550 55 & IS o s 53 5 S
Lty LIS ) oSS ki dials 0 ske (LK @ dslae
ey ey p)
V, = Acos(6,)
Vg = Asin(6,)
A 58 dslan 53 0 S5 5l e 2l8 a8 A dal) ol s
31O 053 b po il ABL gn 05 S Y pee s 4 OB

g o dewlee 1) sl

)

_, Asin(6,)
Acos(0,)
S 1085 el Y

5 b 0T Glhss 5 6K Gl ol (o S8 w5 L

S eslizal b sy 5 skl Cand 55 a 5355l cpl s ol atle

6, = tan ()

Lph o b Jsann sl b 595 5 (PCB) (gl slite b 550
35 8 i 3 g Sl 53 015 o0 ¢S b s ol
Shls o5 4 4l 0, 4V 5 sl 4 Y ol 3 S
308 5 oz Ol sieas ) Slal s 3655 5 56 Ll slass S
o0 3 ekdal 55, sl (6l 0 5d o ealinul dauly g 555
Loy dauly oY S S i 535 e o3l ¢Skl s SN oAl
o o LSl 652 55001303 45 o omal (Sl 2SI (W2
Olas 1y Slyss G5k 5SSl ol ol b &5 503 ¥ JSCS . 5 e ol
...\A:da
s 0 5 F UK 5o il oSl sdbastle S5, 5 skl
2255150 o sl ST Al a e s 93 LT Caalies (ol okionls
R - - P PR O AP P S I - P NWS SO
OT (5l 031l b el outys & sl n o B0 555 5 ) 5l
o kol o gdons damlg oS (glasy U1 sl s
oS Sl ) s gl ) S 13 5 a3 gmn a3 ¥/ YO a5 2SI
oS 5555 533 g ol (63 L las g SN gl ol 5 Culsns
dsb 278 550 53 00,8 (glass S ABL Ll5 ga a s +/Y )
- BT FURT RV W PRPIR P A W 772 i S
oy S il o n oo V1P s Jbo 0 56555y o hon

Journal of Control, Vol. 12, No. 4, Winter 2019

AAY Gl F o jlod VYl o J 28 s


http://dx.doi.org/10.29252/joc.12.4.55
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.2.2
http://joc-isice.ir/article-1-437-fa.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.2.2 ]

[ DOI: 10.29252/joc.12.4.55 ]

Soss 3l ol oS ST AT 650 K b5 5 ileosly 2

S ol 5 S e e P (S ke (Shg ¢ (Shul 4abls

teeteetes (26 mmmm ¢ o (46 mm—m— 36 == = = C16
45
40
35
30
25
20
15
10
5
0
0 5 10 15 20

(Deg) > wls

byl

(pF) o

4 Do Sl 56 lgr (slass S S5 b Sl Y S

25 sy S

JUSw (S leyICaT-£
5 I E3ls 5 ST laslte (Sob Jlasai A JS
s Lo 5 1l s o 0L 3851 ol (T 1y 0T o sl
SOt dom y3 VA L g g S5 53 oS G i S 5153
Olgea LOT 31 S5 o580 Wy oW Glasy S (ol Azen
S olials s go 05 S 55V skes 5 36 kST > o e S
Gl ods dsde g s (slag se o ki S B F slasy S 58
Ly S o3l LS ol o KT S o olulid 1)V alslas
Aphe oS o 5y a4 daly Gb el s eS8
adas 05 S o) 5Ves Lo 5 Jondl o3 (508 55 g 5
sl 55 S a drlone LI (51 1 56 oS Tl 5 0t
VeYF S a s L, KaT S1sus Las AB gla b4 s 5
P P LSl 53 S pants 58 o KT S W5

NeYY
FiB JW il
P A e
|
| : S 8 gl |
|
| le 29 3 4T " H |
I !
| ¥ 29V gdad (g N |
|
| N W ‘
| I ‘
5 6 |
| Il
| I ABgb |
L 8 ol i
: 215 JUke I
o Jl - ———— _ _ |

IS 55315 5 3 3Ly K8T (slasloke ol s oS5k A IS

dLi:.w 338 5351 & oo L;\.»Jtif.« oks asla 3,3l s

\K wl{ﬁ} d) \ j“/b 5“‘:5)\3;))&5’-‘ 4>y A+ Lv L;w}.:.w
13,5 o sl el 55 0 s S0 1yl o 50 S
AD2S1210 (T S S sl S o Jl;f:.w slwl

11.4 mm 16.2 mm 60 mm

()
3355 555 ki Dlaiiia (O 50k sl 4 505 (1) 0SS5

sl oslizal b 53 5S51 digas ol S5l slacad b sl

53 0T @b 5 ots (5,5 ojlu0 HM-8118 Je HAMEG 1 LCR
o S b sk e stalin S S S 0ks Ll ool Vs # S
Ol 15 36 ez (oo siom 30 0 1S (lan 5 ST 5 iz 3 (gl 5 S
C15 & I 8 4 55 Juts S8 bl Ol (5,108 0 jles tas oo
55kl 53 Jol 2 S e G5l b b m Mo Je w4 5 L
A= ;;_ns,larwgf.;m,,&ng;u Wl 55y 03 e

Ayls

ceeesesss (15 e o o C35
45
40
35
30
25
20
15
10
5

C45 e= = =(C25

PP 3> ced )b

0 5 10 15 20
Deg) o> >

a4 S il 50 5l slan s SN G5l b b s gl ¥ S

253 sy,

Journal of Control, Vol. 12, No. 4, Winter 2019

QY Gl F o jlod VY o oJ 28 s


http://dx.doi.org/10.29252/joc.12.4.55
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.2.2
http://joc-isice.ir/article-1-437-fa.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.2.2 ]

[ DOI: 10.29252/joc.12.4.55 ]

& Soss 3l ol oS ST i leT 650 K ) 5 ileosly

S ole 5 S5 g P (S be (Shge ¢ (Shul 4l

b odbastin s J 287 Sa o 4 gl ool Bl )T oalp
T s 4 5 S gl e 5 odd )l

L:su;:“l.ojT W 9 50451 & Shos b5, -0

ooz Kb 0T 5 Shee sddasle 53S0 byl sy
5550 (ARCS - KIMC20)Jae (VMM) s s, Sejlsl
35 g, Sen & Ladis Suds gl o&ws s 15 nleT
S Cl Llgs 6, S0l 3 am s o000 5 ot glag S eIl
4 lste g oa g 2SS Alie ol 3 odd atlu 53 STl el & )lb
5 olT e 4 IS sl enlizul 53531 Sb,l 6l s o 0 Ol gt
o asle 5o SOl be3T cpl 53 adas e 0L )y i lejT Olacker
Jate dle oS ESSTL 0T 555 5 48,5 )13 VMM o8 5 (55,
o) 93 5 s VMM oBs oo (slay gomn (o lolr kB 5 65
Vs amn ) 5 Y slasly glrals 53 53 535800 s Shee b besT
gl OT Gl oo 5 S35 53 Sbjol 3)se Sslize dbis
235 b ekl mws Oy 535Sl 550, 4 G kA3 S
50355003 gl agly olrals odd (5,8 o3Il uslie Sogline abai ¥+
ol 35 Sul 4 o 5 ki pioe el oa L 5 0dd ok = VMM o
GoFs Sozots 3 Ssben p3lie b slasly i O oeas
45 I3 plail (mws Sy pon 53S0 S5y S DI 3
Bl s OLSS st gomin 53 gb3,1 3550 BlE bl s an
ol S KuK SIVMM o&iws 5 55,00 5ok (6.8 o1l 5 slie
AT o Canas abis a6l st Hluia

u;\)j.s J;)Ql ;;1..;. ‘5\.:)')( ghli.h_bJT Ol 8 Jg.&

PR W

1y o S5 (gl sl olomle 53 55 5300 glast oia Ve S

V.u_j'fl.n GIs 3V IS (clayls gai 4 a5 b as e 0L
2355l g sl la a3 55 Bl e axyaE /04 s gl s gl
B fjfmw):}id f})’. g_}bpu‘)‘.\j.a S350 ) s
sl 48 Sy o plrale Bl s g Lib s VMM g 805100
s A Sl esis Sob e ol by Slles b
g 3 sl (shls 53 S VU slasls god 4 a5 b Sy L e
0395 G834 Ol 5 (oo 0 slow | (llas Vs 51 LasL o amys +E/44

Kas g 38 )Ll L3Sl alesT ol aKalesT do s

S A8l o e o Ol &S AD2S1210 o sT sl 0k o3lizal
ST SVl hds 5 oy 5 Cambge S5 Ll olas 18
Obo g (sl e os Dl Hslata s 3,05 1) b s 03 4 sl 55
5SS s wlodd 55 4l 5 m AS Y 5L 5l
b oamlie 53 Hglal ol QU glasy S S5l mhaw 03
oy S 4y o (5 2 S 4 5L 0T (o W glasy S
sy S b s sl glans 2SI Jlasl Wy yls oyl
Y 4 Gl LB 5 e LOT gl Gl S @ s
o5l 4 Jlesl oy SIS slasials )3 i 4 5L ol
a3 5150 55 5e I Jlasl Cogr cCand ) 3
55kl 55 W glasy SIS LT s ss e esliul oS
5ot 3l 6T o (S0 S0 s il Sl g a5
0530 W lass 1SN s, 55U Sl g SI W G b 1
.;:sta Slw |
b oS spdioe W3y 55kl 56 Ll by S 55,
e L IR Dler oSSl S e e sl S
slasy SN ok 8 (slasy ST e AT o Ay 5B
© lly Sl 5 20 3 skl 5o & S5 Loy (G 5l
s S 55 QW IS Niph e e LT ke
S Lyls Sy e VY sgds po Glalels 5 Ama Cass a.uﬁf
o o 2l 53 s o Jote BS1s 5 g ST Slol 4 5 0lby 58
4 Lpdgn oS oa 5l esaes bl ol E 56 ler oy S s
O opl s asion pas Sl poler 5B 5 sl ) pam 5B ST Sose
Shils 55, ool 53 edbeslizul sl Abl o oS i 58 Cod
38 5 dsl 5l psw 5B T 1o el pl il n JS8 52505
VA 558 o sl A5 1 das 45 IS 555 0 o5 055 51 p5ler
dslee Sy oty SN 380 b s U 5348 el VB
Va Gt 51 i S il U Joli5 1 iy Az &
53 058 Cnd go SLeMbI 45V ¢ Wslee (LUK b 545 Cod VB
09,5 55¥ades &K 318l gl T Cans 4y 3,05 415 oT
50 O e Jola 0 S (slay 5V ges e 3 5 e e3lizal
3 VA Gl 53 & o IS izl i a5 I8 ol As e
LI b 355 o 0513 e L8 ol S 5 day 5 0kd o5 VB
dsles (SIS & Oy 5058 gkes jdm 358 Juol Vo alslas
231l oS 13l 4 WS ol 51 S p Sl e L)
S5 45756 sS4 I 63,5 o S o6l ke
Fojlbla &S = a gl a5 655 g oslin b ol Ji&jl:}; GﬂgT
VX0 iy o8 S pl a5 b S o 5 LV YE 6T o6
A a3 (UNYE) s 53 5SSl Gadedd oyl il e 4 53
b ool s 33 shols o onlinul wsT (s 5 il o s

)OS o S i Ladeds O] a8 Wil o 4y 4 BN

Journal of Control, Vol. 12, No. 4, Winter 2019

AAY Gl F o jlod VYl o J 28 s


http://dx.doi.org/10.29252/joc.12.4.55
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.2.2
http://joc-isice.ir/article-1-437-fa.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1397.12.4.2.2 ]

[ DOI: 10.29252/j0c.12.4.55 |

Soss 3l ol oS ST AT 650 K b5 5 ileosly a1

S ol 5 S e e P (S ke (Shg ¢ (Shul 4abls

[2] F. Zhu et al, “A Simple Capacitive
Displacement  Sensor”, Sensors and
Actuators A: Physical, vol. 26, no. 1,
pp.265-269, 1991.

[3] J. Nelson et al., "Capacitive Rotary Position
Encoder", U.S. Patent No.5,736,865. 1998

[4] M. Gondoh, “Electrostatic Encoder and
Electrostatic ~ Displacement  Measuring
Method”, U.S. Patent No. 7,199,727. 2007.

[5] M. Kim and W. Moon “A New Linear
Encoder-Like Capacitive Displacement
Sensor”, Measurement, vol. 39, no. 6, pp.
481-489, 2006.

[6] T. Nishijima et al, “A Flexible Sensor
Measuring Displacement and Bending”,
Measurement Science and Technology, vol.
20, no. 4, pp. 045205, 2009.

[71 F. Kimura et al, "Capacitive-Type Flexible
Linear Encoder with Untethered Slider
Using Electrostatic Induction." IEEE
Sensors Journal, vol. 10, no.5, pp. 972-978.
2010.

[8] C. Carley et al, "Capacitive Postion
Encoder”, U.S. Patent N0.9,035,663 B2,
2015.

[9] D. Zheng et al, "A Capacitive Rotary
Encoder Based on Quadrature Modulation
and Demodulation”, IEEE Transactions on
Instrumentation and Measurement, vol.64,
no.1, pp.143-153, 2015.

[10]U. Bakes et al, "Capacitive Rotary
Encoder”, U.S. Patent No0.9,250,058 B2.2,
2016.

s eds G i bl Wb 55 STl LSl ol es Sl
Sk sl o] & ok 0ls OS> D) 4 035K 5,
s 35 13 S (51 e 5 skl 5 555 o aler &S
4ol & Sl K03 Jammn W3 555 5 5kl §55 b e

el 0 (6,8 0310 53 o BT 59

0.1

0.05

(Deg) >

-0.05

-0.1

012 3 456 78 910
(Deg) sl ashy aloml>

0 1 2 3
(Deg) sl asly saloml>

a4 ¥ s 5\5!4{):}§}|£}J>'U45-)‘:}J:\~ Ji.&

CP
Wl eslizal b L Glss G5l oSl oSG Al ol s
5ok p 50 Sl ol s i o 5 ieleiT o b (St s S
Gls 35Sl ol Llodsanys gl sl Lud 51 3 s 0k,
slasy S (.lf el oz 3 36 55 5 0k, S 5Bl slasy S
QA5 .l s Y/YO 65,8 (lasy S (lf 5 4,y 4 abuls
G Sl S Wl 3 b Sl sdze p glasy SIS S
b &:,.:&5}5 -’Jj.l,a JLi:..» év\.}j:? 6&)}1&‘ ,k..w‘,: ‘)J}g}‘ .)}3‘50
S aloea |y 55755 Sumbgn O g I 3515 5 LS o 3L 5
sddastle oS0l Gg08 8 (a5 g 4 Sl LT L nlg

AT Cws a3 /04 0T glos 1

&lr
[1] K. Sasaki, “Electrostatic Capacity Type
Encoder”, U.S. Patent, No. 4,788,546. 29,
1988.

Journal of Control, Vol. 12, No. 4, Winter 2019

QY Gl F o jlod VYl o J 28 dles


http://dx.doi.org/10.29252/joc.12.4.55
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.4.2.2
http://joc-isice.ir/article-1-437-fa.html
http://www.tcpdf.org

