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Abstract: In order to improve the resolution and interpolation precision of the small photoelectric encoder
without increment of size and weight, some research has been carried out on the high-resolution
interpolation method. Firstly, main factors which affected the resolution and interpolation precision of the
small photoelectric encoder were analyzed, and then the analog-to-digital conversion gain error and
imbalance error were calibrated by microcontroller of ADuC841. Finally, the electronic interpolation
algorithm was optimized, and a small photoelectric encoder signal processing circuit with high
interpolation precision was designed. Experimental results showed that precise code signal interpolation of
1024 parts of the encoder could be realized with this design, and peak-to-peak value of the interpolation
cycle error could be reduced from 163" to 70”. The resolution of the small photoelectric encoder with an
exterior diameter of 40 mm could be improved by 4 times up to 4.98”, and its precision could be
improved to ¢<30”. The method improves the resolution and interpolation precision of the encoder.
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Because of its simple circuit structure and high resolution interpolation the method could be applied to

absolute and incremental photoelectric encoders with the limitation of size and weight.

Key words: small photoelectric encoder;
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Fig.1 Small optical encoder architecture

AN L A AT — A RELAS 5k AT R
BBk | MRS 2Rk 132 H ) 485 A BB 0 JE A 155 8., 3B
I ES . PRSP LBk Bl X 28 22 R A S S BIAG
TIE N B L SRS IS (55, W RS A5 B3 XA A
Jii T LAY D 2 S 2 B A 4542 o U RO S Y FL
T T AR A5 BBt 2R el & e ot
T R RN 4 B S BD l BRge F L, SRR
FE R A5 e B BRH I 1) LA 55 I8 A4 A %
NEFTBCR AR LA g 5 AE T E 5 S IORAR 5 16 A
A LS AID At e i BORT DB 755, MRS
Zoid WA A S i A R AL B R LA 2R
RGPS RS AU 7 R LA IE S5 b 3] A
/NS At g 0 A 7 B BRI e lad RS422
TR R A O LED SR HL B R

2 BABRNNBTFEEITE

21 AR FERASKBERLMEER

FL S 20 0 03 O BE A AR O R SRR AR O
R F, 88 0 53 S0y i PR 0 T 25 248 3 R A7 9] ] A
U5y, A HAFAE L e T e R A 2%, ME LA S B AR v



1827 rohl ok T2

% 42 %

3 B 1), R B T A 43 2 I G A 2 ' H
{55 AID 224, BG5BT F S, A
JE R AL 28, KRR R A
BORSEHL, Z T BN 0 BUE OGRS T
AID g AL B RS BE R O E 1Y . H T2 Al O3 1R
5 SR A8 L PR A 43 w5 RE I P B e A A3 a5 2 TR A g
220 S AR R R AR 2 7R R el
LRSS A 8 2 BB 0T, G e S i 25 04 48 kG
B TAE 515 5 AID 5540005 BE B R EE R L 1Y
M B AR GUME R LR AYD RS B S R i /N
S FL 2 B 2 40 B T AR RS B G BB
22 AID #HiRIREBEE X

M T HF2H 0 k515 5% A ADpC841 H
FALH, B R ML TR 12 £ AID 30 2% 58 B
PR , FRAR Y ADC ASEHRLIE: 18 5 1 25 15 22 A £
WRZEM, (BAESEBRR T, Fifd a8 R S5 5 4l
A/D H e i e i Je ik N B 12 v AU 10 4, 5 AR
ADC TFAEAR K i 22 38 1k S 56 56 TF JHL D PR Sy A
BRSO R 25 I 25 1R 25 S BN PR (i 5
WIHA —ERmZE, K 2 B, i 15 ADC By
FRACIRZS 4R 2 y ADC SZPRE ok 245

Conversion
value
Actual gain a
4095 —"1deal gain a=1
Y[ 7T A
// |
D 7(’ ! \ Curve 2
4 ]
1 ]
i : Curve 1
i i
, 1 1
Offset b}, i i
error
0 * T2 4095 Actual value

5] 2 ADC HAHR S 5 bR h £
Fig.2 Ideal and actual state curve of ADC

B R 1 15 1% 25 R0 S I 1R 25 19 ADC #5511 %
HeIT R

y=x-a+b (D)

. x i ADC BRSO FARAE R 5y S bR 2 1Y

SRS s PRI 45 ;b SRR R 2E , BRARIEL T,

a=1,b=1, M 2 ALIEH , ADC KEEEEIER H sEXT

Fed y ATIBIE (R SCPRE x, TR (D)5

x=y/a-b/a (2

ek 55 ADC Fetfe /5158 y (i, FHE 2>

K(QQHATEIEFE] x B, B 2 AT, LR 45 a AR
fRJE BRRR IR b R AR 2E R B R R AT
ALK EPIA2%0, ADWC841 S HldA 8 BA/D
SEASGIE bR T R AT BN R 22 A ] Y
2R 22 MR HIR 22 7E 0.09% AN, i mT LAE i Hoh
R PIIAE B IE S gt 8 G 15 (5 5 3k S % 8
T8, AR LS A BN B S S LR x, A X, i
TSRO A W 2 U A0 2 R B e v, Ay, 15
BB 45 (X, Y) F(X,, Yo) , X B P AR HY a b, T

a=Yo Y1 (3)
Xo—X1
—yv. Yo=Y .,
b=y, Yo—Xy X1 (4)

TR H B TESHL 1/a bla, A FIIA K (2) 55 3
XoF Ol FEL 4 i 4 JFL RS A SR 42 38 1A B 4 25 R 1B OE
SR RS A A/D R
23 BOYWHBEFERS

ANTR SN P G 0 P B0 YA A ) e, AR
EN R

6=P-N+A6 (5)

b PO RGN A B RE N S TE 5K SR A 1 A 4
A0 AR —AE R AW NG5y, T —
AR MEE 0 T BT AG AT Ay, Ol
2 R A5 0K B A 5 3 D' B ) A X6 8 Bl — S iR
2 G A S B U — A R A T (R) 3215 5 s
Ueo L2405 SR X RIS 15 5 HEA 7 40 2 LA AR A5 3
(LR PADE 1

T, B PR B 05 5 U U 25 A AID e gR i)
R A A o AT B ok B SR)E, RIAE A AE
ADp.C841 Hu WL B IE %K 1/a Fil bla R4 A (2)
X R S5 5 AT IE IR, 5 2 7 4% 1E A A9 IE A3 7%
K (55, 735 R .

Asind=u,/a-b/a (6)
Acosf=u./a-b/a ()
i i 4 5 45 PR K (6)=AsinGlAcos 6196, 1
_ u/a-b/a
@no=, Ja-bla ®)

HA (7) "R LA 6 56 iR ALH tan6
——XF L, P RE Ao A R 0 BRI, SCRT AR/ R
i B G LA S B AR . 4 N AU B A 8L,
T ARRIE—H A 0 BIrxd BLAY 240 736, RIAS 200 1L 80 40
3 AT(8), AP H I T X BECE R 22 B IE



% 7

BaEmE. AR HBENGI I B HEK 1828

N/8

3N/8

5N/8

7N/8

3 BEMKSH

KR SCH R A, XFAME S 40 mm (/)
TS G 2 RS RS2 B0 T 1024 4043, 1l 2 i 7% 15 )
18 v, 43 ¥ J1 ok 4.98" I XF % i 7 P AT T 4 iR
ZEFRG BE R ZE RGN 925 DL 23 o b 2 %) =0k
H, S i e A D £ B BRUE (R IR 22 o< 27), 2R X
L2 W A 2 ) 5 5 o i ) 8 TR B o 922, HR AT
3 Gt i e A [ 57 B8 10 0 AL, P T 25 (L R iR 250
3.1 /INEUSEER 4L EE A iR E i

IR A SR 2SR AR TR — G EE Y, A
Y53 5B SR ES B 2 . SO AE— 44 A
W94 4 1024 7)), BB 31 A g s — A4l 43 4
MR ZEE  F 1 B IETTS M4 73152 25 L, 3R

x 1 RAXHEEGRAMNRER
Tab.1 Interpolation error table before and after
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Interpolation error curve before
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0 0 0 512 5 5 Angle Before After Angle Before After
32 37 5 544 45 15 1) calibra calibra ) calibra calibra
64 35 7.5 576 47.5 12.5 -tion/(")  -tion/(") -tion/(")  -tion/(")
96 10 2.5 608 27.5 2.5 0 0 0 195 0 0
128 -32.5 -25 640 -12.5 -10 15 10 2.5 210 10 -15
160 -72.5 -45 672 -47.5 -45 30 20 10 225 -25 -10
192 -105 -55 704 -70 -50 45 -60 -10 240 -40 -55
224 -115 -60 736 -70 -50 60 -100 -40 255 -15 -10
256 -82.5 -55 768 -45 -45 75 -50 -15 270 35 5
288 -35 -40 800 10 2.5 90 -5 0 285 30 -5
320 -12.5 -10 832 27.5 10 105 -25 -10 300 25 -20
352 -22.5 -15 864 12.5 10 120 -55 -25 315 45 -30
384 -45 -25 896 -15 5 135 -80 -45 330 -75 -55
416 -65 -20 928 -45 0 150 -95 -50 345 -25 -5
448 -75 -10 960 -55 -10 165 -60 -25 360 0 0
480 -52.5 0 992 -40 7.5 180 -10 -5 - - -
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Fig.4 Precision error curve of encoder before and after calibration
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