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Absolute photoelectric precision angle measurement
method based on phase fitting
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Abstract: The single-channel absolute shaft encoder has advantages of high resolution, simple structure and strong reliability. To achieve
high-precision and rapid angle identification and subdivision, this article proposes a phase-fitting-based absolute encoder angle
subdivision method, which uses m-sequences to perform single-channel absolute encoding. First, the CCD sampling level signal is
counted, and the combination of code values is judged to obtain the coarse code decoding data. Then, the Newton iteration method is
used to implement trigonometric function fitting to obtain phase information, and a phase-based angle subdivision algorithm is proposed to
obtain the subdivision angle. Finally, the angle information is obtained by combining the coarse code data and the subdivision angle.
Experimental results show that the angle measurement standard deviation of the new proposed angle measurement method reaches 4. 57",
and the minimum graduation error is only 0.23". This method greatly improves the resolution and accuracy, and avoids the influence of
the coarse error of the code disc on the angle measurement in principle.

Keywords : precision angle measurement; curve fitting; code design; photoelectric encoder; linear CCD

0 2 = SRR A G 4 0 5 A5 S, M A 3k A A

Aoy SRR IEA T R RE B A L O UM A L D' Tl A e

S A gD g RGO BRSBTS MR BT AR T R AR IR

FOR HUREAR A FE SR T —REORE M AR 8 B2 R A2 00K A I R 302 L3
B3 7 AR BB EDCHME MR ITF, sl e e A B RS 4ER

S H 1. 2022-10- 16 Received Date; 2022-10-16
# LA TH | ho S AR SEAREHIR L 45 3530 H (NJ2022025) ¥ Bl



16 f# £ ¥

a4t

A 1 Ll A g A & TT L g3 Ry 4 e XORT 48 X
2o 8t 2 G i 2530 2o 76 A5 A% 1 220 J A T3] 1] Bl 0 5 2
BRI E I EAT Iy, G2 A 7 B ARSI g 7 3 bR L
F T 00 ) 7 0 5 R R SO AT R, TR ) e 2R
AERBIR 2 JF sl s A S Bt Bk, W a
2 Gt B e 00 e R R HC R 25 A O 4 A AR KOG
o ofxd 3 A% 8 i 4 G S [R] T8 B Y 2% B N A 44 Xof
A1 BE AL B A X IO A ST A AR R AL Ok e X K
MRS TE b HL J5 T LB 30 i AR 8, Ol N R A, A7
TE BRI R, 4 2 4 B0 7% 0 3E 5 R 4 A
i

TEARTS S 2 0 A L AR B AR b, A B 20 40 58
PR B S VE T, AH S 9T F2 BT I T IR AL B s
PEAESG R A 2 L 65 TP RO BT, 20 TH22 90 AR, FIN
HMESEIFIR T GO R Rl A S 5 8% BT 5T . 2000 4F,
S FH X Wi =5 fit X JR (National Aeronautics and Space
Administration, NASA ) Wit 20 %0148 FEHEL Fn — HEHI A% T
A4, SR FH L o7 #5 A JC 14 ( charge-coupled device, CCD)
PR 4R I 2R B 52 A A0 RS 2008 4R, H oA
Hamamatsu 23 " BT 1 358 T 181 R4 D0 6 1) — a3k o) 4 o) =
g7 2015 4 55 Standards and Science WF5E T i
H T B e FERS A 0 B D 4 1 4 % 2 R I R
2002 4, EAK AR B T A XY AT I 4 X X
it an AT i, (HHORS B2 R fiEIA 2 52. 67, 2011 4F, %
SV RENO TR X AR A3 X G B 0 R Al R T —Fh
OIS R R B T 27, 2012 4 RIEE
H B PEIAR R T T 3 g B, TR 7 1T g AR R ) B
1) (field programmable gate array, FPGA) ({55 AL BRAIZR
LRGN RN 527", ¥ B FEEOR B TO6H
A Bt g2 e /N RO i S50 A7 K B R R0 s (H
FI T M SE R B/, HLk = X8 #8240 70 30 Y 1
YU ST

ARSCHE T — P T AR RLAPLE 0 20 08 300 H Bl A 40
37k FEPRBENLT 5 0 AL b 3eTt T — s ) G
B 5 1 0 S B § 30 3k 0 U A% IRt 2R 4R B DGR A
SHEATEANE A 3By, BRI G M L AR AL A B TR
TIE 25T A 248 o0 5 0 5, AT 552 R 4 o =01 v it 4 4 T
I EE AN )

1 ARt =St FR i 4 £ SR I8

T B AR 4 23 B T R B, 5 N 0 s %ok 2 G
T R AR R, 2 40 ) 2 X 2 G )y 1k — RO 4o 7E
L 1SR T KOR 2% A RO AR e G 1 (5 40, A Tl 6
T RSB RS R R A 2 A ), O HLS B0 A
BICRAAL SR BE A ARG IE . P, el N ' r Al

e 20t i IS A [ I i s 00 7 6149 93 9 T3 RORS B2 J2: F DAY
T E AL,

AR T BT 3 2 ) X G i O s, ) A
1) 2t 7s e At rp kg <07 A 1 s B DA BEHLF 51
R RN S A% (6 3 A7 4 37 91 (m P51 ) 19 A i i B
HEAT B T 4 Xt A S S

m JF 91 e 3l i 2 P B A5 Y R (07 B A7 1 AR B R
FERIBENL S, a1 B, —A n G0 R RS %
Frae BEAE 77 AR 2" FARTRPIRZS, bR 4x 0 R, BT
2" =1 MR, PR, FLRE ™ A= e KR B O 27 -1 (626
5 A2 T

X =k X_, +kX_,++k_X_., +kX_ (1)
X, WA i g RS (0 2 1) sk BB 55 77 4 &
o)k, BUEA 1,

| + |

\X |X |X |X |X|

| I I I
BT m 350 2t S B I

Fig. 1 Schematic diagram of m-sequence coding principle
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%5 1~36 bit 100000000110111111101011001100001010
5 37~72 bit 000010000111100111101000111000000101
%5 73~108 bit 01011011110101111100110000100101001 1

%5 109~ 144 bit
%5 145~ 180 bit
55 181~216 bit
55 217~252 bit
5 253 ~288 bit
%5 289~ 324 bit
45 325~360 bit
55 361~396 bit
5 397 ~432 bit
5 433~ 468 bit
55 469~ 504 bit
45 505~ 540 bit
55 541 ~576 bit
%5 577~612 bit
5 613 ~648 bit
%5 649~ 684 bit
55 685~720 bit
55 721 ~756 bit
5 757~792 bit
5 793~ 828 bit
% 829~ 864 bit
%5 865~900 bit
%5 901 ~936 bit
5 937~972 bit
%5 973~1 008 bit

111101010111110111000001100001011100
100010110011100011001011101001111000
110000110011011001100100111111000110
101011100001111110011100011111111110
111010100110111001101000000100110011
000111101100000010001010000111101000
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%5 1.009~1 044 bit
%51 045~1 080 bit
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Fig.2 Overall and partial diagram of the code disc
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Fig. 4 Barcode pixel grayscale diagram
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Fig.5 Barcode grayscale histogram
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Fig. 7 Partial fitting results
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Table 2 Precision angle measurement results

B £ I R TIERE
0° 0°00. 64" 0. 64"
15°397. 8" 15°39'00. 53" =7.27"
31°18'15. 7" 31°18'8. 11" =7.59"
46°57'23. 5" 46°57'29. 78" 6. 28"
62°36'31. 3" 62°36'35. 18" 3. 88"
78°15'39. 1" 78°15'39. 77" 0.67"
93°54'47.0" 93°54'46. 73" -0.27"
109°33'54. 8" 109°33'48. 39" -6.41"
125°13'2. 6" 125°13'08. 91" 6.31"
140°52'10. 4" 140°52'18. 11" 7.71"
156°31'18. 2" 156°31'19. 96" 1.76"
172°10"26" 172°10'29. 92" 3.92"
187°49'33.9" 187°49'40. 70" 6.8"
203°28'41.7" 203°28'45. 45" 3.75"
219°07'49. 5" 219°7'49. 73" 0.23"
234°46'57.3" 234°47'0. 01" 2.71"
250°26'5. 2" 250°26'04. 86" -0.34"
266°5'13" 266°5'08. 11" —-4.89"
281°44'20. 8" 281°44'19. 02" -1.78"
297°23'28. 6" 297°23'35. 99" 7.39"
313°02'36.5" 313°2'36.07" -0.43"
328°41'44. 3" 328°41'42. 74" -1.56"
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