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Abstract In single photon ranging, increasing repeating frequency can improve the echo signal-to—noise ratio

and result in ambiguous distance. To avoid ambiguous distance, an arithmetic based on modulation ranging and
code

time—correlated photon counting theory is proposed, by which the unambiguous time and multiple of laser emitting

periods are calculated, and then the unambiguous distance is obtained. This technology needs less computation

OCIS codes 280.3400; 120.0280; 030.6600; 040.1345

and is more effective. Extended pseudo-random sequences with variable proportion of “1” are derived from m—
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sequence, and they act as noise model and modulation signal. In simulation, ranging results with three different

sequences are compared and it shows the pseudo—random sequences with proportion of “1” as 7/8 are random and
noise resistant, of which the ranging result is better than that of all “1” sequence and m—sequence.
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Fig.1 Timing sequence figures of laser and echo signals
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Table 1 Operation of sequences

k 1 2 3 4 5 6
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Table 2 Statistics of number and ratio of “1” in sequences

Parameter Value
k 1 2 3 4 5 6
Number 3764 7573 15131 18864 22513 26292
Ratio /% 12.55 25.24 50.44 62.88 75.04 87.64
Approximation 1/8 1/4 172 5/8 3/4 718
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Table 3 Distribution of the biggest added values (p=1)

Noise 0 1/8 1/4 172 3/4 7/8
Value 40 40 42 42 44 45
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Table 4 Distributions of the biggest added values (p=1/2)

Noise 0 1/8 1/4 1/2 3/4 7/8
Value 20 23 26 36 41 43
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Fig.7 Distributions of correlation under different noises(p=1/2). (a) 0; (b) 1/8; (c) 1/4; (d) 1/2; (e) 3/4; (f) 7/8

3) p=7/8 AR 1S T AR B 1B e Dy 78 WYY AR BEAIL R SUAE A f () RSO S A R AT A
i, Fe S B 40 Horp 455 3517 e AT A5 P 8 Iz 590G 28 I BT 1 (I 9 B 7 B4 R G pR R A L 5
JIt 7 B9 e R B e o3 A

0408001-6



50 50
40 (@ 40 (b)
230 £30
=20 20
10 10
0 0
0 5000 10000 0 5000 10000 )0
50 i Position 50 . Position 50 Position
40 40 it
) )
=30 30
3 3
=20 = 20
10 10
0 0 0
0 5000 10000 0 5000 10000 0 5000 10000
Position Position Position

K8 AN[EME S TG+ B (p=7/8). (a) 0; (b) 1/8; (c) 1/4; (d) 1/2; (e) 3/4; () 7/8
Fig.8 Photons histograms under different noises (p=7/8). (a) 0; (b) 1/8; (c) 1/4; (d) 1/2; (e) 3/4; (f) 7/8
RS EARBNEDA (p=7/8)

Table 5 Distribution of the biggest added values (p=7/8)

Noise 0 1/8 1/4 1/2 3/4 7/8
Value 35 35 37 39 43 45
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Fig.9 Distributions of correlation under different noises (p=7/8). (a) 0; (b) 1/8; (c) 1/4; (d) 1/2; (e) 3/4; (f) 7/8
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