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Fig. 1. The Schematic of receive channel signal processing.
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Fig. 2. Gaussian laser pulse waveform.
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Fig. 3. The output waveform of with Gaussian pulse excitation.
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Fig. 4. Circuit noise calculation model.
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Table 1. Circuit noise calculation parameters table.

Parameter Symbol Value Unit
MOSFET transconductance gm 20 mA/V
Oscillator equivalent resistance Rres 83 kQ

Oscillator equivalent capacitance Clres 1.2 pF
APD bias resistance R 15 k2
Minimum SNR SN Rumin 10 dB
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Fig. 5. The influence of laser pulse width on pulse shaping.
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Fig. 6. The multiple-pulse digital cross correlation pro-
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Fig. 7. Effect of noise at output of the receiver channel.
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Fig. 8. The block diagram of pulse laser ranging system.
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Table 2. Parameters for key components.

Class Parameter Symbol Value Unit
MOSFET Reverse transfer capacitance Chss 0.05 pF
Power gain Gps 23 dB
Noise figure NF 1.3 dB
LD Center wavelength Ap 870 nm
Rise time ty 2 ns
Peak power Pep 10 %%
Maximum repetition frequency frep 100 kHz
APD Peak sensitivity wavelength Ap 800 nm
Responsivity @ 800 nm S 50 A/W
Active area diameter 500 um
Noise current in 0.3 pA/\/E
Capacitance Cyq 2 pF
A/D Resolution 10 bits
Maximum encode rate fSAMPLE 360 MSPS
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Fig. 9. The laser pulse used in the measurements.
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Fig. 11. The output waveform of multi-pulse digital

correlation processing.
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Abstract

Based on the measurement principle of pulse time-of-flight, non-cooperative target ranging technology using a pulsed
laser diode (LD) as a light source has received widespread attention in recent years. Using leading edge timing method
to directly detect pulses, its measuring range is about a few tens of meters and only a cm-level single-shot accuracy could
be reached due to the limitations of its pulse width and eye-safe laser power of the LD, which cannot meet the needs of
most applications. Especially, in order to increase its receiver channel bandwidth from hundreds of MHz to even a few
GHz to reduce its work error, its distance measurement accuracy and ranging distance are significantly degraded as its
signal-to-noise ratio (SNR) decreases. When a target is out of its measuring range, the back diffused laser pulse signal
with an SNR of much less than 1 will be too weak to be extracted even with digital correlation processing technology.

In this paper, using a pre-detection with high frequency resonance and multi-pulse correlation processing, a new
ranging method to solve long ranging targets with high precision is proposed for the first time. Through the pre-detection
circuit with high frequency resonance, a pulsed photocurrent signal is amplified and filtered, and then converted into
a bipolar attenuation oscillation signal. Thereafter, its SNR is further improved by a new pulse function constructed
through multi-pulse correlation processing. The peak of the new pulse is constant and its zero crossing point is found
to be the timing point to calculate the target distance. The method has a better SNR and a high timing accuracy.
And the detected ranging distance could be increased over one thousand meters or more. Theoretical calculation results
show that the minimum detectable peak current of light pulse is around 17 nA in the method. Comparing with the
direct pulse detection method, its SNR can increase 60 times. When a received peak of a photocurrent pulse is within
a dynamic range of 1 : 10000, its work error is less than 0.1 ps. A pulsed laser rangefinder is developed based on the
principle. And its average laser emission power is about 1 mW. Its measurement ranging without cooperative target is
greater than 2000 m. Its distance measurement accuracy increases up to (3 mm + 2 ppm) in a range of 1.5-300 m.
For a long ranging target, its distance measurement accuracy is + (10 mm + 10 ppm). The rangefinder system is used
in a total station product and can be used to measure large-scale engineering structures (such as roads, bridges, dams,

tunnels, subways, etc.), building structures and industrial sites.

Keywords: pulsed laser ranging, pre-detection with high frequency resonance, minimum detectable

pulsed photocurrent, multi-pulse correlation processing
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