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Signal processing for
confocal probe based on time difference
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Abstract: The displacement measured by a confocal probe based on time difference method is an one-
to-one mapping to the time difference between the two peaks in a photo-electric signal. In order to cal-
culate the time difference accurately, the characteristics of photo-electric signal output from an im-
proved probe was analyzed and then the defects in the current signal processing method were pointed
out. A processing method named similar pattern analysis was persented to calculate the time interval
between the two peaks. Experimental data show that in the data acquisition system with sampling fre-
quency of 2 MHz, the standard deviation of time difference by using the similar pattern analysis is
0. 33 ps,which is better than 3. 37 us by using the maximum value method. With the similar pattern a-
nalysis, it is easy to implement the signal pre-processing. The calculated results are accurate and sta-
ble and are not influenced by the changes of laser intensity and ambient light interference.
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Fig. 1 Diagram of improved optical path

HESF 380 e 0 i ) 6 BE B AR D E] 10 pm

e GJ-4 AL A Sk, 2855 o 2% A =0 ¥
S A5 H A A O I Sk P T T A LS A
Bl 2 B 50 B A 5 o AH 408 B U 04 i (1] B i) 22
tg CHNEE 3 BT 7R) [ PRECE RN

A/:_M/IL s @)
=t f—d
fs —M
f[%*(b—i—m)}
f—O—T‘*(b—O—ZA)
A=Acos a%tl , (3)

3 A Dy 8 SUads 5 Db 5 HL - 4 37 8 1) o
B ==L 0/ i E ST Ly A
L, WG $65E . £ R S 53 50 11325 58 A BR 1T
BERER DT R0 BB IEE . A O XAk
i o w0 R E SUIRBIR

[ AL

) \_%/uﬁzzmm
\ ,

Lkhe i}

K2 bRz g ik

Fig. 2 Trajectory of optical focus
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Fig. 3 Voltage signal from photoelectric converter
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Fig. 4 Waveform of photo-electric signal
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Tab. 1 Stability experiment of

similar pattern analysis method

Rl R IfE2E 1 AR 2
@‘i% i’%ﬁ 1/;LS i’%ﬁ 2/;LS i’)]ﬁ 3/;LS *TE )FTEZ‘;

L /s /8
1 1281.91 1282.04 1282.00 0. 07 0.99
2 1192.82 1192.58 1192.36 0.23 0. 84
3 1235.59 1235.71 1235.59 0.07 0.92
4 1323.50 1323.46 1 323.46 0.03 1.01
5 2142.68 2143.21 2 143.00 0. 27 1. 32
6 1850.05 1849.96 1 849.91 0.07 1. 33
7 1239.32 1239.04 1239.50 0.23 1.12
§ 1189.18 1189.13 1189.18 0.03 1.42
9 1092.14 1092.25 1091.64 0. 33 1.37
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Tab. 2 Experiment of changing amplitude

of photo-electric signal

RS b1 Y SUE 2
{45— A 1/ps YI{H 2/ ps (1 3/;4S$T i 25 MR U 22
A /ps /ps

780 mV 1133.05 1133.42 1133.27 0.19 1.14
1400 mV 1134.09 1133.54 1133.50 0.33 0.84
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Tab. 3 Comparison of experiment result
o HARIIE 253 B 2 S NERE
P 1 2 P 1 2% P 1 2% T 1 2
fir
1/ps 2/ ps 1/ ps 2/ps
1 0.07 0.99 1.75 3.12
2 0.23 0. 84 1.93 4.58
3 0.07 0.92 0. 54 3.32
4 0.03 1.01 1. 30 4.45
5 0.27 1.33 1.78 3.92
6 0.07 1. 33 1. 04 4.11
7 0.23 1.12 1.18 6.83
8 0.03 1. 42 3.37 6.11
9 0.33 1. 37 0.23 7.76
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