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RESEARCH ON FMCW LASER RANGING SYSTEM
BAEED ON INTERNALLY MODULATED DFB LASER

ABSTRACT

Frequency modulated continuous wave (FMCW) LiDAR has wide
ranging range, high range resolution and Doppler velocity measurement.
Compared with other types of LiDAR technology, FMCW LiDAR has
shown more extensive applicability and advantages. It can not only
measure the distance and moving speed of the target synchronously, but
also perform well in the measurement accuracy, and its ranging accuracy
can reach the micron level. The principle of FMCW LiDAR is to convert
the distance information of the target into the frequency of the echo signal
and the beat signal of the local oscillator through linear modulation of the
optical carrier frequency. In this paper, the drive circuit of the
semiconductor light source in the FMCW laser ranging system is optimized,
and the linear scanning of the optical carrier frequency is realized by means
of internal modulation, so as to improve the integration of the ranging
system and reduce the cost.

Firstly, by studying the working principle of semiconductor laser and

testing and analyzing its performance, we can see that the output
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wavelength and power of semiconductor laser are related to the working
temperature and driving current. The constant temperature and constant
current drive circuit of Distributed feedback (DFB) laser is developed. The
negative feedback closed-loop control circuit composed of triode realizes
stable static current input. MAX1978 is the main control chip, and the
stability control of laser operating temperature is realized through PID
operation. Driven by this circuit, the stability of the output current of the
laser is measured. The long-term stability of the current within 2 hours is
0.0143%, and the working temperature is set at 25°C. After 2 hours of
continuous monitoring, the temperature drift is less than 0.012°C.
Secondly, the sweep-frequency driving circuit based on temperature
tuning is designed on the basis of the constant temperature control circuit.
Use FPGA combined with Pulse width modulation (PWM) technology to
generate trigon-wave voltage signal, connect to the improved temperature-
controlled H bridge, change the voltage at both ends of the H bridge, and
adjust the operating temperature of the laser by changing the voltage
applied to the semiconductor cooler after calculation by the MAX1978
chip. Thus the laser wavelength (frequency) can be adjusted linearly. Using
an erbium-doped fiber as edge filter, the laser wavelength is measured by
proportional detection based on the monotony of the C-band absorption
spectrum. The experimental results show that the sweeping drive circuit

can linearly adjust the operating temperature of the 1550nm narrow-width
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semiconductor laser within 23~32.1°C, and realize the linear scanning of
the wavelength (frequency) in the dynamic range of 1.21nm(151.25GHz).

Thirdly, a sweeping frequency driving circuit based on current tuning
is designed on the basis of constant current control circuit. Through the
combination of FPGA and DAC, the high frequency triangular wave
voltage signal is generated by the same method above, which is connected
to the constant current control circuit as a reference signal, and the laser
drive current changes according to the same law. Also, erbium-doped fiber
is used as edge filter to measure laser wavelength by proportional detection
method. The experimental results show that a 1550nm narrow-width
semiconductor laser with a current-tuned circuit can achieve linear
scanning in the dynamic range of 0.1251nm(15.6GHz).

Finally, the FMCW laser ranging experiment is carried out by using
the designed internally modulated linear frequency modulation light source.
Through Fourier analysis of the interference beat signal received by the
system, the distance of the target object is demodulated from the beat signal
frequency information, and the measured results are in good agreement
with the preset distance. The experimental results also verify the feasibility
of the design scheme.

Cheng Hongde (Electronic information)

Supervised by Professor Zhu Xuehua
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wavelength tuning, FMCW laser ranging
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