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Ultra-precision position detection for linear motor mover
based on multi-peak fitting

Wang Hui,Zhao Jing,Zhao Jiwen, Dou Shaokun, Song Juncai
(School of Electrical Engineering and Automation, Anhui University, Hefei 230601, China)

Abstract:In order to satisfy high-precision measurement requirement of the linear motor mover position, a multi-peak fitting phase
correlation algorithm is proposed. The adjacent fence image is captured with a high-speed micro camera installed on the linear motor
mover, and the phase correlation function of adjacent fence images is obtained by phase correlation algorithm. According to peaks
distribution characteristics of the correlation function, the multimodal fitting method is utilized to acquire subpixel displacement of
adjacent fence images. Based on the calibration coefficient of measuring system, the precise position of linear motor mover can be further
acquired. Experimental results show that the sub-pixel image measuring method can achieve precise positioning, and the position
detection accuracy of linear motor mover, can be up to 1/100 pixel, and it has strong robustness and high real-time performance.
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Fig. 1 Setup sketch of the linear motor mover
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Table 1 Calculated results of PCA

HIUFENE| T (Ax, Ay) KSR (Ax, Ay)  IEEK/DN
(3.0.8.0) (3.0.8.0) 0.996 2
Lena
(1.472.5.368) (1.0,5.0) 0.536 1
" (2.0,7.0) (2.0.7.0) 1.000 0
at
o (3.175,6.735) (3.0,7.0) 0.844 2

ME2 MR T HRFE, PR (A, Ay) B8R
i, BRI eRE S (x + Ax, y + Ay) HYE(HAREEE 1, (ES K
25 FGBORT s 247 A% 6 (Ax, Ay) AR RIS, K v b
06 1 S v R fre 0T 1R i, HL 0 JA) LA VR 2 A A
KU B BAGTIREREREAR . DRI, AR AR OG5 32 AL RE A
EREBRMEE,

4 ETZEHAER PCA RNEGRMABE

4.1 ZIENSHBEMEXEE

R ARG RR B AT 25 SE A2 A A I P, 77 A2 119 2-D ik
IR & W A i B i 0 I — A W] A B O e, DY ] 2
A B T A5 3 A 1 AN A G

A K Pk ol e A 3 T A 0 (L R AT SRy TR, A
B 37, ALt O AR R ko R & 5 FRLIEIR 5 24
(RGN AR ZR I, Jkoof ek K & R B 220K el T 2R
o R0 ] LR AT JL A Y U 5[] Ak B 408 1 52 S P AR 3R
(LR — R A AT — A (E A B, T T LA e
o (L 22 7]

(a) BB FEMBE

(a) Inter-pixel displacement

(b) AR 2= 1
(b) Sub-pixel displacement 1



938 % # X

() WAl 2
(c) Sub-pixel displacement 2

B3 AR RS A AR AR S 3 P

Fig.3 Phase correlation spectrum of different

displacements

AR AE L AH SC A A0 5 A, LR ) B AR R
HA RSV FEAR IR A i e 2 ) SR i Ad 4
AR RH DG W, e g e W SRy TR WA € HoAl 3 A4S
WRIEIEE 43 ) €, Cy Cy, EATTRE R (4 4 5 43 551
(70 (g 30) (o ) (g ) IR OG /AR
AR RN RSAE R A 6] AFAEQn &l 4 Fios iy 4 Fhig e, 52
PRIVOZFLAEL(Ax, Ay) (0T 4 DUEEZ[E], R B AU
B MR AR RO (Ax, Ay) R
|x', «C, +x'5 + Cy +w, - ', - C, |
C, + ‘x'z cCy +x'5 - Cy +x, - C4"

2y, +a’y +x’y >0
|x', +Cy +x'y ~ Cy +w, ~x', - C, |

- s
Ch+ |x'y+Cy+a'y-Cy+x, - C,|

2, x5, +x’, <0
(9)
‘y'2-02+y'3'C3+w2-y’4-C4\
¢, + \y'z'C2+y'3'C3+y'4'C4\’

¥y +y/3 +y'y >0

Ay ! ’
‘y2°C2+y3°C3+w2

_ °y'4'C4‘
€, + ‘yrz c G +ys Gy vy, '04‘,

¥y, +y, +y', <0

(10)
AHx, =, -2,(i=2,3,4),y, =y, -y, (i =2,3,4),
w, Al w, AT 4 AU T 7P F 2 B 7 1) i
R LA, TR AL

C, G,
w = — . _ « >
P ) e e ) e
(11)
C C
W= (0 -y g +ZC (v g :C
2 3 2 3

(12)

x ¥ 38 %
A i Ai LA
C’3 CJ
G ¢, o | oq
o | q
| P oy i}
c, | ¢
o | ¢ a | ¢
¢ | G

B4 RHOGUETELRY 4 Fh {83 ol

Fig.4 Location distribution of four different correlation peaks
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Table 4 Calculated speed results under three measuring methods
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