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Ultra miniature absolute optical encoders based on eight-matrix coding

LIU Chang-shun'?, WANG Xian-jun', HAN Xu-dong', GAI Zhu-qiu', WANG Zeng-fa'

(1. Changchun Institute of Optics» Fine Mechanics and Physics ,
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Abstract: With the aim to realize the miniaturization of absolute optical encoders with the characteris-
tics of greater accuracy and more reliability, the new coding mode and structure of a reading head are
investigated. Firstly, this paper describes the principle of eight-matrix coding used in absolute optical
encoders. Different from traditional four-matrix coding, the eight-matrix coding only needs two grat-
ing tracks to realize a 10-bit binary. The first grating track realizes the 3-bit coding of Gray code; and
the second one realizes the 7-bit coding of Gray code. Then it can achieve the 10-bit binary coding
through the relation between Gray code and binary. The Moiré {ringe obtained by using phase com-
pensation of incremental slit is another new technique in this paper. The single reading-head is also
good for reducing the number of LEDs, therefore the dimension of encoder is smaller. Finally, the
method of signal pick-up is discussed as well. Experimental results indicate that the proposed eight-

matrix encoder has a smaller size of $25 mm X 16 mm and a lighter weight of 28 g, while his resolution

I Fm B H#9:2008-12-08;1&1T H #3 :2009-01-16.
BEE£TE :EK 863 mB ARNIE &Rt % Bl H (No. 2007AA703427)



5 2 1

XA o 28 < 7\ A /N 280 24 5of 3O H 2 ) 4% 327

is 16-bit and accuracy is 30”. It is concluded that the encoder can normally work in very hard condi-

tions with more reliability for long time and can be widely applied to the field of modern military and

aerospace.

Key words: optical encoder; absolute encoder; miniaturization; eight-matrix; phase compensation

1 3 7

O FL Bl £ G B 8 O — Rl LA AR A AR
A IR G P L T — A Y — ol R DU A ke
B S A 7 AT G kg 3 e ot o ORI 4 X
23 A, o o 2 G A5 4% 1T 7E AR /AT B B %)
AT A7 0, AR AT A 0 A 2 R Sy 4 ) o7 A
RERR e E N S KON SRl Wl LU o i R VA o<
) 2k 4% SR 246 % A ) 5 5 000 o 45 5L 1 a0 2 R
AIX — ZEREAN 35 W S 2 0 I I A AR
SRA TSR L R o g ) 5 g A 2 L 0 7 B
FL 5 AN BE ST 20 AR A5 400 i Ak AL L T 4 — A
H ol S B2 oo — 2 0 AR #E 3X A A B L Dy
S 3 o ORI 4 0 2 X DRk 3 R o 4
XiF 3 G 0 25 4 1L T 4 08 = 4 5 25 1 A2 B4R
KRR

TE 2 pl o] =X g i 2% HL A [ A 0 L
ORISR AN 5 32 T X e 0 o5 76 Tl = Bl R
AR N, R TR R
A N W B T B R R A
BELCREIR RS b B N L 0 R e R g Sk R
FA ) £ ) A R L SR R R R/ AT
o S A P G S R A A2 5 A ) O L A A 2SR g
R EKR

AR SCAE Ry BN ST 5 A B BT A 7 SR AL
7 /0N T8 ot 56F 5 2 B 2 ) SR Al b 4 T e 6 5 e
T /N TS ARAE o) F) A G T 3 BT 4 T U
W 2t %o =X 114 G Bt R 25 8] 5 52 B8 AH 1) B 5% 2440
2 5 I LI RS W kgt L £ RS R IE
SCPERIE S i BT A5 5 . &l a7 i 4
it 24 B 25 19 43 BE SR 3K 16 07 K 5 Sk 307, /M
Ik @25 mm X 16 mm, AT fif P T 1% G5 46 % X
DG R G B 8 14 43 B 38 G A RS 2Z 8] 9 F O

2 HARA

— PR U L o % 3O HL 4 B A A 45 4 £
F OGTR L B RO e A CIE DB RS 28Ot
W AR % 5 WAL A A 1 TR . R A
RESF OGR4 20 B b v % 1) 4 A
JEE 68 2 i 45 B PR B W A B R AT o A L i
7 HEATIE

LED  Grating disk

Index disk
iy,
AL TR
Ll 24, ",
P B SR

Photodetector

Incremental
signal

~_Absolute position
signal

Lg% =00 B 4 T A 45 4

Fig. 1 Structure of absolute optical encoder
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Fig. 2 Pattern of grating using eight-matrix
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Fig. 3 Slit pattern of absolute position coding
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Fig.4 Slit window of incremental grating
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Tab. 1

Measuring data of encoder
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Tab.3 Measuring data of the encoder
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Tab. 4  Specifications of encoder

angle Measuring error Amendment Error after amendment
/(®) prograde/(") reversal/ (") value/(")  prograde/(") reversal/(")
0 0 0 0 0 0
15 18.6 20.7 0 18 20.1
30 22.3 25.4 0.6 22.8 25.9
45 —11.6 —12.5 —0.5 —10.4 —11.3
60 —25.2 —19.6 —1.2 —26.3 —20.7
75 2.3 —2.5 1.1 3.2 —1.6
90 —16. 8 —19.3 —0.9 —16.8 —19.3
105 46.9 47.2 0 46 46.3
120 10. 6 10.6 0.9 11.2 11.2
135 65.2 58.9 —0.6 65.8 59.5
150 35.1 32.3 —0.6 35.3 32.5
165 —2.3 —5.95 —0.2 —2 —5.2
180 —1.3 9.7 —0.3 —0.9 10.1
195 —16.2 —25.8 —0.4 —16.8 —26.4
210 39.2 45,4 0.6 38.2 44,4
225 —34.6 —43.9 1 —34.3 —43.6
240 —15.4 —19.6 —0.3 —15.4 —19.6
255 —22.9 —20.2 0 —23.1 —20.4
270 19.8 27.4 0.2 18.8 26.4
285 55.7 46. 8 1 54. 8 45.9
300 —15 —5.8 0.9 —15.5 —6.3
315 —36.3 —41.2 0.5 —37.1 —42
330 —37.1 —39.6 0.8 —35.6 —38.1
345 20.5 22.4 —1.5 20.1 22
0 —5.3 —7.6 0.4 —5.3 —7.6
52k
(1] &3k k. /Do % 2000 B g 15 25 [T, 56 3 AU,

1985, (5) :65-70.

Ttems Specifications
1 Positions per revolution 65 536(16 bit)
2 System accuracy 30"
3 Overall dimensions ®25 mmX 16 mm
4 Weight 28 g
5 Operating temperature —40~+60 C
6 Shock 120 g(6 ms)
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