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A novel single-row absolute displacement sensor featuring
dual-frequency magnetic field time-sharing excitation
and linear time-grating displacement measurement
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Abstract: To address the need for compact installation and high-precision linear displacement measurement, a novel single-row absolute
linear time-grating displacement sensor structure is designed using a dual-frequency magnetic field time-sharing excitation scheme and
outlier frequency reduction principle. This design resolves the conflict between increasing the frequency of sensor excitation signals for a
higher signal-to-noise ratio and achieving high resolution. First, a transient magnetic field coupling model for a planar coil is established
to create a single absolute linear time-grating measurement model and its sensing mechanism. The proposed solution for absolute position
determination minimizes measurement error influence. Electromagnetic field simulations are used to analyze the coupling characteristics

of various induction coil shapes and air gap magnetic fields, leading to an optimized sensor installation gap of 0.6 mm. The sensor
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employs 500 kHz and 1 MHz time-sharing excitation drive schemes and introduces a novel decoupling method for outlier frequency
reduction, which ensures high resolution while enhancing the signal-to-noise ratio. The sensor prototype was fabricated and tested, with
experimental results demonstrating a 36. 4% increase in measurement accuracy using the outlier frequency reduction method compared to
the original direct decoupling method. The sensor provides an effective measurement range of 187. 68 mm, with an accuracy of 4.9 pm
and a resolution of 0. 14 pwm after error compensation. Compared to mainstream international products, this time-grating displacement
sensor offers high accuracy, high resolution, compact size, and low cost while reducing reliance on ultra-precise grating etching and
electronic subdivision technologies.

Keywords : dual-frequency magnetic field; single-row absolute; opposite poles prime; outlier frequency reduction; linear time-grating
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Fig. 1 Transient theoretical field motion model of

a cosine induction coil
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displacement sensor structure
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Fig.3  Single-row absolute linear time-grating displacement
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Fig.4 Schematic of the winding and arrangement for

single-row absolute time-grating sensor coils
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Fig. 5 Flow chart of time-sharing incentive drive scheme
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Q AX

[0XL/(MXN) -8,0xL/(MxN) +8]
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2 (1 XL/(MxN) -8,1 xL/(MxN) +6§]
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4 [2XL/(MxN) =82%xL/(MxN) +8]
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6 [3XL/(MXN) -8,3xL/(MxN) +8]
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Table 2 Sensor simulation parameter settings

TAESH ZHUH
O LR IR (L A 0.1
T L AR/ K Ha 10/500/1 000
FAMLE L BT HE W,/ mm 8.16
KB R 15 BE. W, /mm 4
TR P 5 B/ mm 8
JE% R 2K P 157/ mm No
A SL TR AR 2% P 9/ mm 4
ST 22 B i %/ mm 2
E B AU 22 B 5 %/ mm 4
2L A%/ mm 0.1
SR ZE B BT/ MQ 1
2R 1 I K/ [ 1
BAR R Steel_1 008
LR R B R Copper
B % ] B/ mm 0.6
e 3 3 7 LM S/ mm 4
Ha 3838 17 A/ mm 0.1
X J5 1 ff5 LA/ s 100
X 71 {5 R K/ s 2
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(a) Coarse machine traveling wave signal



316 i M % i 45k
50 14 ¢
R R ARSI — 05
R R SRR ! ' .06
%@WVV@& W&M@Q”QW@WQQ 07
2 o |
SRy i
S ORI
X XXX g 8
m 0 'N“ 'NO (XRRXXXOXAXND ‘0 '“ - =
B R R =
XA XRRS 5o
TN OIS =
B s KXRORIIRIIN R .
B2 0",’0“0’&0"‘0’0" ‘0’0‘2‘0\ XX 0""0’0’ X !
0‘:‘:’0"\‘0’:‘:“"\‘&'&:’&0‘0"&0‘:’:""\\‘:‘:"
) 02 04 06 08 ) 0 Bas gur oxy sif _dax dug omy
i s o 1 2 3 4 5 6 7 8
(b) WHUATEAS 5 ﬁ%ﬁ?ﬁ( ‘
(b) Fine machine traveling wave signal (b) HNLRZIRBE
‘ o (b) Rough machine error spectrum diagram
13 0.6 mm ZZ3E[HIBR T ANIATIEAR 5 T2k 15 ¢
Fig. 13 Induced traveling wave signal curve at 0. 6 mm :gz
installation gap 10 | =07
5F
TNIEL 13 7R R 2 1B R 0. 6 mm B AR AT 15 g
SRR A AR it 2k 2z [ AE 7 22 3 (DU 45 R AT IR 5 o
FARL S B RS (A B LR PE B G 2R . R RS HL” ¥
o T S (2 o st
JlE S AR < RBL AT 5 00 2 A%, & 13 AT ok
BL” AT AR 5 MR (K 29 o J2 “ ML AL 8N 15 =5 1 PR -10 s
N N \ N o 0 1 2 3 4
R, 55 ORI T J% 0 2k P Rl 2k B 1Y ] B — £ /mm
KA B R P 42 785 1 A 9 15 5 5 G AR (c) PEBLIAZ 122
(c) Precision error curve
A B R 7 g
— 0.
XTI 12 v 10 kHz PARATER) )5 58, AWl 7 % 6 ! .06
b g . . . . RN N — 0.7
H IRV T A5 5 e B AR AR G0 2 i ) T 22 AR G0, 3 5
SR 1A IR R R L A R T B BT AT R S DA g !
PR IR R B . R340 S 22 34 A B 0.5 mm Al =
— , iy iy S e f2 2 I -
0.7 mm PEATHLRE U5 5L 507 AR AT IR S ARG S ,

PSR 22 A 2R 22 IR W 14 (a) | (¢) BioR, IR H
PEAT FFT P (8 B AR A S A 18 14 (b) L (d) Bk 22
A

AN[A] 22 ) BT 1R 25 2 AT A Ak 4 Fis <RI 5a
A 0.5 mm 0.6 mm 0.7 mm %% R BT AY 1R 22 1515

——0.5

= 0.6

10
g
s O
oK

0
_5 =
-10p W, ) X
0 1 2 3 4
i /mm
(a) HLHLIRZ 2%

Ty ?T*F .TT X

t Toatln]

0

2 4 6 8
BREIIR
(d) VLR ZIE

(d) Precision error spectrum diagram

14 ARl BB OV A T AR S R 22 0
Fig. 14  Error analysis of induced traveling wave signals

with varying installation gaps
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Table 4 Analysis and summary of simulation errors in

precision measurement channels with varying

installation gaps

R S BRAE 0 T A4 e A5 50 S5 o k4o 8 A 53 7 8
P05 EHATI G S A MATLAB k£ 7R A | fi 5 4 SR
B 16(a) s, £ 0~8. 16 mm iz Sh [ N AL B0
REELE T 2 ASX A, R R R R AE SR 1 X, 1A
BT E SIS0 A K 0. 204 mm 1F 2275 215 24 i 28

T‘ﬁ:iﬁ Will/pm U fgﬁ%’ﬁ‘f
HIALIE A 29. 44 13.26 3.26

o2 WL 17.78 6.13  2.71
LR B 29.71 13.34 2.82

oo KPR (E 15.28 6.28 1.59
HIALIE A 30. 25 13.29 2.48

o7 Wb 18.24 6. 68 1.73
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(b) The fine machine senses the traveling wave signal
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Fig. 15  Absolute position solution simulation traveling

wave signal curve
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Fig. 16  Simulation verification of absolute position

solution scheme

P DA b XA R T %) 4 F S i B 5 SR R A %)
o B R ZE R 25 0 (-8.86 wm,6.08 pwm) , H“H K5
NS 3 X AR P 8 2 il A ) o IR R RS R S
O A — 2, I R 22 2 R AR Ak, 158 25 I
ORI E T XA P I R B AR O i — D e T
I AR 50 o F 46 o Ao e AR SR T AT

4 LIGTEIUE

4.1 ZXWFREE

HR A 1 3 B3] o xof X 2 B AN A A R 5 BT 5
PR BEAT - >R FH AR RG22 By ST 5 )
PCB ( printed circuit board ) E[J Rl H, [ AR B2 A il 4 A4 B A
BL, W 17 s, AL RA R L =204 mm, “fHHL” 7 HE
4 mm, PR IB AL ST A XA, SRV 2k R IL 4 S XoP A,



318 % # X

x E AR 45k

“HLHL” 78 8. 16 mm , Bl 2R B 3L 25 > Xob A e, Jk v 2%
R 2 AN XA B, WA B A RN s By 187. 68 mm,

Bl 17 ARG
Fig. 17  Sensor prototype

FMRAG AR PERE 5 AN 18 iR — 4R 2% L 08
V-6, 0 LML ) B A RS B sl ik B sh Rz 3,
-5 A S Ao 0 R B O Ak B A B B S Rk &
BEHL, LA S 5000 o B, 5 ) i 540 1 2515
P FE AR 2E MR, A HLLASCR I8 SR A B B L 5
22 H S A MATLAB W R TR 2500 S5

o —

% 18

— YA L

Fig. 18 Precision one-dimensional experimental platform
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Table 5 Error analysis and comparison under different

installation gaps

2 B] it 5 22 I A {1 FERENRIEE/ pm
/mm /pm 2 4
0.5 36.28 6. 87 3.04
0.6 32. 64 6.15 1.89
0.7 36. 63 7.16 2.28
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Fig. 19 The sensor senses the traveling wave signal
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Fig. 20 Comparative experiment of high-frequency

versus low-frequency excitation
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Fig. 22  Effective range error curve
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Table 6 Comparison of mainstream sensor

technical indicators
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