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The application of composite differential tracker to
capacitive position sensor
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2.Shanghai Weihong Electronic Technology Co., Ltd., Shanghai 200241,P. R. China)

Abstract: The general form of differential tracker cannot properly deal with the problems of signal tracking
phase lag, noise amplification, many parameters and complicated debugging when obtaining position
information and velocity signals from a capacitive position sensor containing random disturbances. Based on
the equivalent linear analysis of differential trackers, a composite form of differential tracker was proposed
for position signal tracking and velocity signal estimation of position capacitive sensors. The simulations and
experimental tests of MATLAB \ SIMULINK show that the composite differential tracker can approach
the original smoothly and the position signal and the velocity signal can be effectively extracted. Compared
with the general form differential tracker, the tracking signal phase lag and the speed signal noise can be
better taken into account.
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Fig. 1 Schematic of cutting head
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Fig. 2 Sectional view of capacitor plate
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Fig. 3 Block diagram of compound tracking differentiator system
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Fig. 5 Simulation results
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M7 AN S I S5 50T U 7 A TR B 6 15 5 A B 2R AR T 52 R BB i 1 AL 9 I R £ 5 32 UM
BatE A A ROR . A IRER U AR e B 2 SRR S UBR ER G i 4G 2 A BR R oo A B PR R T
JeiE HAE S b 22 5 o T 0 BR R W00 45 7 2 i BT AT S5 R0 M 7 e mT A R B R0 8 D R By
PR PR BE 2R GE A [ AR AR JE R ROk . WA e A0 BELJE 28 0 38 DR T A 01 3, T o/ BR B A5 A2
i Je AR BHLJE 2R B0 /N 2 AR i e R R ) S Bk . O IR UE A 5 BRER R 20 A% R A LA/ AR 62 8 J R B
U AR SCREAR A 41 ] M P ORAIE S o0 A 3145 5 B9 ot B . 3 R 85 (DD X ISR A5 5 R A DB 2 OF 4 22 i i
Z 5 A BB i A A R R a0 A% (T A8 8 BRER o0 i (D BHLJE R BB /N T 0.5, USE B W BB
o BRERU AR (TD 1252 & BRER R 4% PS5 S AR T, JERH 2 28 BORT ] A7 00 3 08 PG BRBER o0 4% (D R, BT
B IR L PERE 7R BRER U &% (D BOL M AMEEAE FTT L R UE S 5 B B 520 45 BRI i H0 R 3 i /0N 19 1] 1 B X
W P AR BRI . DR 2 M R R B o i LU R R R o0 A B AT B SR A A B G S R B
AR AL e AR (55 B SR B

4 4 iF

FEINE T BRER o 4% 00 SE AR MEIE 2 DR 525 B R TR0y I B 8 525 IR B ol o £ T 7 L 2 A
MA@ as il it MATLAB/SIMULINK /5 5 LA K S PR i, 30 0E 1 52 & BRER B0 A1 80 T 28 S B B o
AR AE ISR 15 5 18 T K O 5 5 P IO A S S/ . JE AR 1R 1 Hz 1935 MR AE X[ 5, 45
F WY A2 5 BB Tl o0 s R 28 L R B A 0 4 240 RE DG i 8 AT IR R A 5 AR RO 5 5 S5 R R B e AR L T 22
ooy BRI 2 AHOZ A IS /1N 0.03 rad , ST T AR LA i AR A HOR . BRER 3oy 45 45 S 1 BI04 i A4 2 28 41 ol
I3 TR B W JEUAR 15 5 Ak PR R v L PR AIE S 2 S0 A0 ] I ek AR AR 57 98 I X T 5 5 O BE 3 5 ) R e T e R
AHEEZEL,

R EE

[ 1] FifF. maEoeo &k m ERE AR RSN R 5 RMID]. R EPREIRE, 2016.
Wang H. Research and implementation of height following control system for capacitor laser cutting head[ D]. Wuhan:
Huazhong University of Science and Technology, 2016. (in Chinese)

[2]BuX W, Wu XY, Chen Y X, et al. Design of a class of new nonlinear disturbance observers based on tracking
differentiators for uncertain dynamic systems[ J]. International Journal of Control, Automation and Systems, 2015,

13(3): 595-602.



30 T R K FFHK % 44 K

[ 3] Zhao B, Li Y C. Decentralized differential tracker based control of reconfigurable manipulators without velocity sensor[ C]
// Proceedings of the 33rd Chinese Control Conference. July 28-30, 2014, Nanjing, China: IEEE, 2014 8370-8374.

[ 4] Wang X H., Chen Z Q. Yang G. Finite-time-convergent differentiator based on singular perturbation technique[ J]. IEEE
Transactions on Automatic Control, 2007, 52(9): 1731-1737.

[ 5] @hntif, sl B BRER— Bl 25 o R R i [T ], B 1Y SEBR 5 AR, 2003, 33(3): 71-74.

Han ] Q. Huang Y C. Frequency characteristic of second-order tracking-differentiator[ J]. Mathematics in Practice and
Theory, 2003, 33(3): 71-74. (in Chinese)

[6] Wang H W, Wang H P. A comparison study of advanced tracking differentiator design techniques[]]. Procedia
Engineering, 2015, 99: 1005-1013.

[ 7 ] Dulgar O, Gezer R B, Kutay A T. Extended Kalman filter based robust altitude controller for sea skimming missiles[C]/
ATAA Guidance, Navigation, and Control Conference. 4-8 January 2016, San Diego, California, USA. Reston, Virginia:
ATAA, 2016.

(8] Aoy, S, sRIRNME. LRMEIR IR G A0 BRER THUA5 5 O BF9E ) ). 25 o R R B2 24 4, 2014, 27(4) ¢ 439-442,458.
Dong C H, Lian X, Wu X H. Research on linear tracking-differentiator to track interference signal[ J]. Basic Sciences
Journal of Textile Universities, 2014, 27(4): 439-442,458. (in Chinese)

9] EHte, PRigom, RFEM. 2R REARL MR- a0, =628 58 M . 2003, 2006) : 875-878.

Wang X H, Chen Z Q. Yuan Z Z. Nonlinear tracking-differentiator with high speed in whole course[]J]. Control Theory &.
Applications, 2003, 20(6): 875-878. (in Chinese)

[10] B IE , BRd, 2250, ot R ER O 4 BT ). S MO E 22 i CTSE MO » 2011, 41(5) : 1439-1443.

Ge L Z, Chen J, Li R F. Design of an improved tracking differentiator[ ]J]. Journal of Jilin University (Engineering and
Technology Edition), 2011, 41(5): 1439-1443. (in Chinese)

[11] EWEA, 224, /AR ST B0 IE U A9 AR 2 PR R ER G o #8503 LT . 3HEML A, 2016, 36(S1) . 305-309.

Mao H J, Li W, Feng X L. Design of nonlinear tracking differentiator based on hyperbolic tangent function[J]. Journal of
Computer Applications, 2016, 36(S1): 305-309. (in Chinese)

[12] XHE SR, SRAER. X i U0 R B 43 a4 Bt MoRR T 40 A [T ). s iRk 2 5 A, 2017, 33(10): 74-78.

Liu Y Q, Guojia Y. Design and phase plane analysis of a hyperbolic tangent tracking differentiator[J]. Electric Power
Science and Engineering, 2017, 33(10): 74-78. (in Chinese)

[13] #HEE R . ERE. 2T UM sigmoid RECHY LR ER T 480 ]. FEHIBIE 5 R, 2014, 31(8): 1116-1122.

Shao X L, Wang H L. Nonlinear tracking differentiator based on improved sigmoid function[J]. Control Theory &
Applications, 2014, 31(8): 1116-1122. (in Chinese)

[14] DHEAl, SREME, DhRR, 4% oot 9 SO VIR ER Bl o 4 B3t [T ], il 5008 Ko 5 4le 2015, 49(2): 164-168.

BuX W, Wu XY, Ma Z, et al. Design of a modified arctangent-based tracking differentiator[]J]. Journal of Shanghai Jiao
Tong University, 2015, 49(2): 164-168. (in Chinese)

[15] Tian D P, Shen H H, Dai M. Improving the rapidity of nonlinear tracking differentiator via feedforward[J]. IEEE
Transactions on Industrial Electronics, 2014, 61(7). 3736-3743.

[16] Feng H, Li S J. A tracking differentiator based on Taylor expansion[]J]. Applied Mathematics Letters, 2013, 26(7):
735-740.

[17] Guo B Z, Zhao Z L. On convergence of tracking differentiator and application to frequency estimation of sinusoidal signals
[C1//2011 8th Asian Control Conference (ASCC). China: IEEE, 2011: 1470-1475.

[18] Guo B Z, Zhao Z L. On convergence of tracking differentiator [J]. International Journal of Control, 2011, 84 (4);
693-701.

(197 9758, BRa e, SRR, 48 BRERO 45 09 S 2 e a0 i B AU AR LT ). WL R (T4 A0 » 2018, 52(2) ¢ 224-232.
Lao L M, Chen Y L, Zhao Y G, et al. Equivalent linear analysis and optimization of tracking differentiator[J]. Journal of

Zhejiang University (Engineering Science), 2018, 52(2): 224-232. (in Chinese)

(% & WD



