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An Improved Method for Measuring Speed of Incremental Encoder in Low-speed Section
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Abstract: Precise speed measurement is very important for motor control system. To address the issue of low
measurement accuracy at low speeds when performing fixed-point calculations in incremental encoder, an
improved method for speed measurement at low-speed ranges was proposed. According to the calculation
characteristics of the fixed-point system, an adaptive coefficient calculation method was proposed, which can
reduce the speed measurement error in low-speed section and reduce the calculation load of embedded chip. For the
phenomenon of "step" that the speed value remains unchanged in low-speed section, the methods of speed-down
additional-sampling and smooth-processing were adopted to ensure the accurate and smooth of the speed, which
specially make the speed closer to the actual ideal curve during the process of motor increase and decrease. The
effectiveness of the control method proposed was verified by simulation and experiment.
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Fig.1 Principle of speed measurement by M/T method
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Fig.2 Encoder square wave signal measured at low speed
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Fig.3  Schematic diagram of actual sampling and

supplemented sampling
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Fig.4 Schematic diagram of speed—smooth control
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Fig.6  Comparison of relative errors before and after

the improvement of fixed-point calculation
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Fig.7  Simulation results of smoothed speed
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in the low-speed section



B A AES 20265F H 564 F 9

IR, T X G Al B BN i B Ty ik

02 ‘_ H H H
R
@ 0.1 e ;
# P

0.0 i :

100 200 300 400 500 600
IS} i]/ms
()RR i AR o e ) e €]

0.2 [ : ;
g L
@0.1 W\_ : :
# \L

00| Tome :

250 350 450 550 650

i} [A]/ms
(b i A 3 ok 7 0 k]

P9 AR B ot i W
Fig.9 Deceleration diagram before and after improvement

in the low-speed section
5 %%

FEF A (AT R 40 HUIRIR 3l ) sl i T
PR (v (R Ry 24 AR/ A s T80
S B 45 A 1 Tk b B ) B A | A mR i L
HALGIN TR BE R o BE XX — I, 4545
A SO T vk A% O R, AT A IR A o —
BRI —h A FE L A O B AR

AR i R S A AR B A HE T
VA A 1 o ) A A R B A ) HORG JEE
B A 484 i X 2 o AP Bk ket T vk A2
PLHARBUAE -

1) RE s TEIA A ) 2 T O3 5 I
RO o e e R Rk it i Oy 3, DLREAIR
N W N NN DO N (S U= 2 LU R
DR ZE R IAIRR, SR HT 3 b 2 2R 0, 2 2 Kb
P ML SR ST i), BB /)M 8 B T3
W,

2) P38 B AL B - [ 34D FERAE AR S HEL AL
R T B S PR R L 3 ISR TR,
BT TR T 5 B - A AR A g S A A
R JRE TN 25 (L, 5 A P T i e T/ e
Pl i PR PAE 2 —F IR EIVE A,
PR BLME Y “ G B 200

3) A7 R R AR R R HILUE B G
LR R AR SR I A R S RO S n]ad ) e e
P i DIOE PEAS [R]85 o S — A, A7t L 1Y
AT 22 TR D7 3, e 25 P A B 3 5
s

4) A T7IE IO WIS, A, 1
T it R 2 B 25 TR ATL 5 T T4 o 25 R
HARF R BN RS 2K i 5

8

(1]

(2]

(3]

[4]

(3]

(6]

(7]

(8]

(9

[10]

Sk

/gt RE AR AR A R L R ZR M. LT ALK
Tolk AL, 2010.

Ma X L. High-performance frequency conversion speed control
and its typical control system[M]. Beijing: China Machine Press,
2010.

LT ML, 5K, A L 20 T A1 G D 24 DU A o ) Sl ]
ST ik )] AR 80 ,2022,52(2) :57-60.

Pei H P,Zong S'Y, Zhang F, et al. Key problems and solutions
of using absolute value encoder to measure distance[J]. Electric
Drive,2022,52(2) :57-60.

ThyINgE . e PR RE 7S 5 B AR 8 Y JLAS IO I D). o SA%
50,2020,50(2) :3-20.

Ma X L. Application problems of high-performance inverter-fed
motor drive systems|[J]. Electric Drive,2020,50(2) :3-20.
B K W22 . — B T A i 1 4 A LN 2 DU 33 (T,
WE A2 TARIR #2441, 2013,25(6) : 1-6.

Xue G F, Hu A. A speed-measuring method of full-order ob-
server based on quantized encoder[]J]. Journal of Naval Univer-
sity of Engineering,2013,25(6) : 1-6.

SCIGERE, KRB, 45 SO R, 46 . W8t s il g s 20 ) R 7
B BT SRmE()]. H TR 2442,2012,27(2) : 185-189,209.
Wen X Y, Zheng Q L, Wei K K, et al. Typical issues analysis
and corresponding strategy for incremental encoder speed mea-
surement[J]. Transactions of China Electrotechnical Society,
2012,27(2):185-189,209.

2/, T3k 35T FPGA (978 M/T I3 — 1L I3 ST 52 0],
MU 55K, 2019,36(9) 1 122-129.

Li X C, Yu Q. A modified M/T normalized velocity measure-
ment algorithm based on FPGA[J]. Computer Applications and
Software,2019,36(9) : 122-129.

R ST R, bt B R R, 2020.
Tang S F. Principles of computer organization[M]. Beijing:
Higher Education Press,2020.

RET, ) A, KA, 45— T T AT A3 B4 2 T 40
G35 AT AN, 2014,35(6) - 142-146.

Song Y L, Chu G S,Ma T X, et al. Encoder subdivision method
based on the software frequency doubling[J]. Chinese Journal of
Scientific Instrument,2014,35(6) : 142-146.
Kovudhikulrungsri L, Koseki T. Precise speed estimation from
a low-resolution encoder by dual-sampling-rate observer[J].
IEEE/ASME Transactions on Mechatronics, 2006, 11(6) :661—
670.

Velinsky S A, Lee S H, Lasky T A. Improved velocity estima-
tion for low-speed and transient regimes using low-resolution
encoders|]J]. IEEE/ASME Transactions on Mechatronics, 2004,
9(3):553-560.

Wk HH - 2025-06-10
ek H A :2025-08-18





