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A novel encoder of digital and analog hybrid type for servo control with
high—precision resolution

J.P Hong, S.J. Park, and S.]J. Kwon
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ABSTRACT

Position controls are very important in semiconductor manufacturing devices, machine tools precision
measuring instruments, etc. To measure the distance of movement of moving objects in minute units and the
accuracy of measurement for the moving distance in these devices affect the performance of the whole devices.
Therefore, in those precision instruments, a sensing device that can measure the distance of movement with
high~precision resolution is required. In this paper, a novel cncoder of digital and analog hybrid type is
proposed. It is shown that from this experiment a high-resolution angle measurement device can be designed
by a low cost incremental encoder.

Key Words : High—precision resolution, Novel encoder, Digital and analog hybrid type
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(a) Structure of the encoder slit

(b) Shape according to the phase angle of slit

S A g
@ () () @ @©

T8 4 59 MI|H flxlof g T ut

Fig. 4 Reeiver waeform acoording to the electrical position of shit

18 3(h)e AL Ae gL e <l Alxbz
°ol wjoln| ojuf Fipa= o] oko] AA @ow

©:

o] (
23 4¢) Aol 7bg 2 aiel Ak £3l9 9
AA7E 180, WA ARl wet Fatehe o) ge

ES [e]
2astl A1, 39 309 AY e ade &9
FAL 180, oM Frshe Be) g Go] Hu,
29 49 F30%0] T A
]

webq &2 U9 9% 27] geAe © ge &9
Aetol # st

23 Mot=l opdz2 Clx|e E8E olzar]
719 YA gyl daeld

Aol &5 g tAEs)
5y 3|AA fAq wE OJ_
3 AlF 9 Aﬂ/\x}/‘ = .
A= 1Y 59 o] Ao 3A
1 dElss wol] flE A
7 MY FEEE 23 gl F e
g o|&slH £H

©
e
-0,

oL
20
¢
>{\I MN'
o
ﬂ r_:

-
]

\

o o

o
ug !
m

]

>,
}01
im

(
i
Al
i
i

-

(OE
X 1% o N o% L

o "D'
pacs
N

=)

e,
w2

> % o

= 0

)

5

2]

ing

lo,

e

!

ofl

i)

>

o

O i

2
p)
_h, ﬂl[m
=2
rE
=
o
=
)



YA g optir £3d wAR dzy AL 515

j«— CLK

SIS &2
Fig. 5 A phase, B phase, 4 division and receiver waveforms

according to electrical position of slit

dzre) AN HEE 7108 & %o Peeld @A
o s 2t ohelsh gt

:55; R o T ¥z -

AP 00, & 2z 24 Aol Wk A AR

280 A% QA% ER ARA2E Agetrd

‘ g Abgeto] o) 743}04% 5“1}. o] 2*& A
7+e

40y = tanrl(%) (3)

4 @l s SR AYH L AF 7
atan®l ol 0. oA FFie Heg 2
g Bt S % AZE A W B

Agtol wrh. o 24 Aol E3el @ A

o FAE AT F Aok YRGS A (3l
o3 ALE A a’b d(zero) FitolAl= =0
zo 9%t 22t ex7b AA VERAIER. o]
Z w7l dalAd A @9 22 A A8
=3

40, = COS*I(#BZ) )

He ARe durdoz “i*ﬂHOﬂ BER R
g8, 1 Base EZA 2439 A/D 7wl

HlE g fs Z2A"EW A/D 743‘1‘3—4 HE &
Q} st 71A4 H A EellsE of A (5)3 Zo| A
At

2
r= N.ﬂgQ 5)

Al
)
3 Aol m R A A 92 W= e Aog P
Ll
_ 2rm
40 = "N Ao ©®)

=0, + 46 [CW]
=0, + 6,—46 [CCW] %
ol 7|4 = &8l 3 9Xx] 9 7)AZ} ot}

et tAE Azek opg R AE el 2] g
Az el Balse ofdz Ade od Aojd &
o] 912 el ofs) At

ad 62 Ak ohdR, vAY 2y dmn e
e 2928 Ushal v DSP(TMS320F241) 9
QEP &35 23] 719 tAd dzy AFZE w
i, A/DeAE F3 S 93] WMelE A&
G obdE ABE Woh WPANRE 2E T
obRI 4l%(a, by SRY WA 5o F9 B4W



516  EE (PG G GE 8K 6T 20034 12/

of oa) £4 B @7lol I werh Ay F
w7vslel AR dugon un-or an. et
3]

@ =
B= K-V, (8)

g K= 3 " Ve -DC 2

RUDOTSE) > L
|

i
‘ : 5 |
" !

LI

L '\Zf(
"EU.Z: »
v q()“(;)

S

O YR
-

I8 6 4% 28k
Fig. 6 Detection block

A7N Gmas @150 AFL JEYIL, bpas b
NEe] AEE bt Aave] F ohdEEe)

a, b2 FE 24 oldEa AT THEv] H8 DC
e AG A, 2AY BE K F8 diF 24

Ael o pE REG LG wolz gRE AW
ﬁsﬁ 22 RUIFP)E 3471, 4 (4
AAtole) WA 9L E AEAL, 4 6
231 Aol A*JEME A, &3kl
SRR RN
of nAEe 8d H A7HO)F Axa,

|

BoERolA ARG ohdRa dAE Y A
o e A Astel 71Ee] A7k dmnd
9o 1024828 <= bl obgR T

Bl E 2 u 2 AL
Z72 Aasgon, DSPTMSI0F4DIe 10

Bit A/DE Agaton, weolze] s A8

o 256 H"J 524288 v‘“\ﬁ ﬂi] HAE71E At

.
IR pa
< 2 T r . r )
0 W a0 ki) 40
1 v ot e n "
8,0 » A |
DTN
3 & & p
P AR AT AN AN A f NNA A §
DAY
‘00 10 a0 jS3] A0
a1 f\ VAN j
< irf lij\ff \ \,/. \ ’\fj R\ \f \}fﬂ\v‘f \f\ / f\/\
T & & &
TIVE[ ns)

T8 7 AL Aok pat 3 SR EBi0| £ 1l
Fig. 7 A phase, B phase and receiver waveforms of the

encoder
i e, e fiki »’% i
2 \m’ ! F | | {W !
d 2 i i !
=l WJ L L 1 L J
< : |" kw [ I
]
10 an o 40
Y e ey {m\ P i
'ﬂH' R
f o ‘w‘ L« \ iw,J o e
M
| I ! ] ' 1 ! ]
0 m o 40
(1 ~ ¥ ) O *\ 7t ﬂ‘ y iy ~
5 20 VIV AV A
| IR / i
S P f 1o | [ |
= Vo ) ¢ ¢ L ) \}l 1
e Voo L kU \J i\' Y lJ YooV v
s LI T 1 1 1
0 an
n 4 r 2 oA WA A
o 29 I“! wLLw \ B 1[1 l‘ }J\ i rﬂ‘\ 'r!'l\ k
20 AR A R S R
£ 5 | e S TR I
A~ v Y Y l: gy
= | ! I T 1 | 1
0 1o a0 kit 40
Tingng]

a2 g A=) 4k A Y @, g OtE
Fig. 8 A, B phase and o, B phase waveforms of the
encoder



7Y ohdzor EFY wA% A= AL 517

2 =

N

AR

— T

R

WA
I

TvEfns]

APhase

T8 9 aHe] A, o, pEE H =AU fo

Fig. 9 Aphase, @, A and angle waveform of the encoder

oF 72 dane 548 271 99 Aot o
Aol A% B % L%l Y Yo £3
2o E80d(a, b2 dFtie]l AY, B $U%
TITE 2z APH H4EE AE ¢ AU FHEs
Ao FHAY a b 0°9 HEAE 22 o 4
it s ZIsha dlem 1 Ao thaipelrt
sk glot

19 8 aF 78 AR Ed 2719l A7t 9z
TR FY FPLRFE AL st 90°¢
FaE Zhe 2 A% g p2 dehin 2tk ast
a9 79 a9 belA AFAHE AASgL A
BE K& #3 29 dzelth g & 5 sl
°of Fe 2 MdHEE de A

E € S 89 a9} PAUBERE 4 AF ol
& A3 AEE vepa g
A3z 2o dive A% AsFuee ong 72
I 9Jen 1 AV)E -nolA m2 a9 pAEO RE
= 7240}744 dzvel A%, BY Nz P

P PP

-

A Phase

8

o Phase
AT
_———
=
—_—
1= ]
g_
£
=
= é_.

£ L

T8 10 YBLe] A o, BTFY I TRAfLe] lARZt
Fig. 10 Aphase, a, B and angle waveform of the encoder

4.2 B

AT B AxgA T AMeEHe YR
2 AAAA7)7INA we AREE 78 W
A& AA 71EY Mﬁé J3A o) M)A
S|2 FEo Wygod txg Mg o gdAAY I
Aol oigt old2a NZE VZRZ she] AR
AAE 4 g Ae M2 W29 A HE7He
Atatth At He o3 AP A A oA
Fue] g &3 Ulo] Hx HMYE AL i &
gl A we EaEe wolxE FAgH
A/D7WE 9] Bitoll ojs) ZAErh B A=
DSPU 9] 10 Bit A/DE A43t9on wo|zol gt
< AAT7] A3 HY 2 BitE vlgozy 7jEe A
7 A= (1024)0l BlEte] 2561 IAEE Zhe

AA HAE71E ddskdn

ita]

F@ 2 8l

(11 ##, g, e oeks, 231z wiy
i 7HE o] &3 PMSMe] AMAE s 2o WA oA
2kets] =32, Vol 8 No. 2, pp. 107~115, 2003.

(2] 473k, “dmtd HEH" AHHAE3=], Vol §



518 W (FRE ik FI86 6% 20034 124

No. 2, pp. 50~53, 2003.

8] #H74, &5, BdE AEHS “SRMO vAE oz}
Aojg et dimrie] SHEA" 2001 Mg
03 =24, pp. 1~4, 2001.

(4] whdE, S, We-g, ozlg, AEA, A “H7HY

8 SRMQ] 9o et 4t 19994
A ARTE WS w53, pp. 175~178, 1999.

[6] Katagiri, T., Monose, T. Mizumoto, H. "An
integrated single-output signal encoder for both
multi-turn  absolute encoder use and incremental
encoder use” Industry Applications Society Annual
Meeting, 1994. Vol. 1, pp. 347~351, 1994.

[6] Bonvin, F., Perriard, Y., "BLDC motor control in
multiple dq axes” Power Electronics and Variable
Speed Drives, 2000., pp. 500~505, 18-19 Sept. 2000.

S

2
=
an)
i
o
olo

rlo

20039 = Fx[EH=21A0l 2ofstod YR XY s

-—y=]
[y
=2
=

32 o

#EH)

ﬂ

a4 1998 2AY o H
°=.<°w> 2001_ Sah oht

UM, 19918 Farl
(BFAH 19934 & tf=td
M.AF) 19%64 &

=

o
1o
° o N

[\
s
<
NS
i
M
a
o
I
=
al
B
b
El
i
(W)
=
[

AN (FEHi4)

19514, 1982 FAHh chekd _710
53 ZY(AMAD. 1906 S ChstE 7]
Zakn SY(stAh. #A FHCiEtm 7|74|
23

FUHFIEERH A XASEEENSE)

-\o



