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Lidar-backscattered signal modulation and design for a specific

emitting module

Zhang Xiaofu, Le Xiaoyun
(School of Physics and Nuclear Energy Engineering, Beihang University, Beijing 100191, China)

Abstract: The cloud lidar, with the character of high precision and good stability, is an effective way to
detect the cloud height. Pulse diode laser (PLD), as an essential part of the lidar system, needs the
triggering pulse. In this paper, the emitting part of the lidar was studied, including the simulation of the
backscatter SNR, choosing of PLD and design of trigging circuit to drive the 905 nm PLD with the
consideration of the optical system. A circuit for trigging the laser pulse with adjustable power and pulse
width was contrived. Then the software Systemview was used to emulate the design and finally the
making of PCB was finished. The results show whatever the parameters of the pulse, namely trigging
pulse width, the rising edge, dithering, all these can be qualified to be in use in practice and enjoys the
merits of low cost and convenience. The emitting module operates well.
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0 Introduction

Cloud lidar is a new method based on principles of
cloud detection lidar and atmospheric scattering theory.
Compared to other measurement techniques such as
cloud height measurement ceiling projector, rotating
beam Cloud lidar cloud height measurement method,
balloon testing cloud height method, cloud lidar has its
unique advantages of wide measuring range, high
accuracy and good stability. In addition, important
atmospheric parameters such as vertical visibility, cloud
height and cloud base and backscattering profiles could
be obtained after the certain inversion algorithm for the
aerosol or cloud backscattered signals. Thus the cloud
lidar has been widely used in airports, launching sites,
meteorological stations,  air

pollution monitoring

campaign and other fields.

1 Lidar equation

The lidar equation relating the backscattering
signal is given as:
R

-2 J a(r)dr

0

P,(R)=KB(R)exp /R? (1)

Where P, (R) is the backscattering signal power: K is
the system constant; (R) is the backscattering coefficient,
and (r) is the extinction coefficient, where (r)=s(r)+
a(r), s(r) and a(r) are scattering and absorption
coefficients of a particle respectively. The system
constant K consists of the product of the laser
emitting power P,, optical efficiency of the receiving
optics, receiving area A,, and the half of the pulse
spatial width [, I=c/2, where c is the light velocity
width). In Eq.l, the

quantities of (R) and (r) are two unknown quantities.

and is the pulse temporal
Usually, both (R) and (r) consist of contributions
from both air molecules and particulates. The lidar
equation has the analytical solution when we have a
simple relation between (R) and (r). Theoretically for
the coaxial laser radar, as long as the receiver FOV is

larger than the laser beam divergence angle, the

overlap factor can be considered as always 1.
However, in order to avoid saturation problems in
practical use, an aperture is often used to control the

backlight.

2 Selection for laser and SNR simulation

In the laser remote sensing technology,

semiconductor laser diodes are usually used as signal
(Si APD) as

other

source and low noise avalanche diode

the  detector. Compared  with lasers,
semiconductor laser diode with the merits of small
size, long life, variety, high efficiency, and
convenience use, has become the widely used laser in
the pulsed laser measurement . When selecting the
laser, firstly the laser wavelength and the emission
energy is considered. For various clouds, cloud droplet
radius usually ranges between 1-100 pwm, which most
of the radius are between 2—15 wm. Based on the Mie
scattering theory 2mr/A>>1, the wavelength should be
be less than 1 wm. Taking into account several weak
bands of the

wavelength should be selected in the 800 —1000 nm

absorption atmosphere, the laser
window atmosphere, optionally in the value of about
900 nm. Currently the available emission wavelength is
905 nm.

There is a direct relationship between the laser
transmitter and receiver devices, so in order to explore
requirements of the detection laser energy, the
atmospheric echo signal to noise ratio (SNR) of laser
equations must be simulated. Usually the low noise
Si—APD detectors ' are mostly used in near-infrared
laser detection. The equation of SNR is described as

follow!®!:

1

MR~ e |

Eccn(R)r*B(r)exp{—2 J ; o(rhdr'}

\/Ewn(R)r*B(r)exp{—Z |, 2P| 3| A

Laser radar parameters used in the simulation are

shown in Tab.1, the atmospheric model is in



890 Ik TR

% 44 %

reference[7] and [8]. In aim to study the impact of
the laser emission power and the frequency on the
cloud properties, several calculations were carried out.
Figure 1 shows the backscatter SNR for different
emitting power, and we can see the higher the energy,
the higher the SNR becomes. Figure 2 shows the
SNR profile with the different pulse energy and

frequencies.

Tab.1 Parameters to simulate the backscatter SNR

of the lidar

Model Si
Active area A 0.5 mm?
Optical transmittance 7, 60%
Responsibility &, 1x10°V-W-!
Amplifying bandwidth Af 30M
Field view 6, 1.6 mrad
Pro 0.8Wm™+nm™'-sr!
FWHM - A, 10 nm
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Fig.1 Comparison of the backscatter SNR for different emitting

power
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Fig.2 Comparison for different emitting pulse numbers

3 Emission model design

Parameters used in the semiconductor laser 905 nm
laser radar system is as follows: peak power is 40—
220 W  (adjustable), pulse width is 30 —100 ns
(adjustable) with the range of pulse energy between
1.2-22 pJ (adjustable). The maximum average power

of 110 mW requires TTL rising edge trigger, 5 kHz of

repetition frequency, and duty cycle of 0.05%"~. If
20 M crystal is utilized to produce 5 kHz frequency,
time delay is needed. The trigger pulse duty cycle
should be 0.05% and the pulse width is 100 ns. Pulse
laser transmitter module design must take into account
the constraining relationship between the laser
emission frequency and transmitting power. Since the
transmitting power of the laser diode is fixed, the
emitted power will be reduced as the repetition
frequency increases. The potential of diode laser could
be maximized and came to the best use with the
excellent driving pulse source. In the synchronous
counter, the common clock, usually the input clock is
used in every flip-flop. The flip-flop changes states
synchronously and the counting speed is very fast. In
the implementation a 20 M crystal, a D flip-flop, two
synchronous counter 74HC40103B and finally a
Schmitt trigger shaping are utilized.

74HC40103B is a CMOS high-speed 8 —bit
synchronous down counter. When (CI / CE) is at the
high level, the counting cut off; The counter initial value
is set as 4000 with the binary value of 111 110 011 111,
and it requires two cascading counters. Firstly the
synchronous working end and the asynchronous
resetting end were set at the high level. After a rising
pulse comes along, subtraction counter operated. Then
when the output is zero, a pulse was produced after a
wave shaper. The specific realizing steps of dynamic
creating forms are set forth. 20 M crystal was passing
through four D flip-flops with 16 points dividing
frequency. The output, as the main frequency clock
signal was sent to the first piece of 74HC40103B. At
the same time, the clock signal was sent to the
second the clock pulse rising along the 74HC40103B
scored the second piece of 74HC40103B after the two
Schmitt triggers. When the rising edge of pulse
arrived, the first piece of synchronous counter chip
produced the high and the subtraction counter began
to decline. During this period, this process has always
been to high level. When the first piece of counter

counted to zero, the low level was come out. Next the
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low level was served as a starting signal to the second
counter. So when the counter decreased to zero again,
the signal was sent to the synchronous working end until
the next synchronous clock arrived. Until then the pulse
signal output began a new cycle. The trailing edge of
the pulse signal will be captured by the detection unit,
which was composed of 2D flip-flops. Furthermore a
pulse width was produced after the falling edge of the
pulse signal. Finally the waveform was output through
the Schmitt trigger SN74HC14N.

4 Results

Figure 3 and Figure 4 illustrates the simulation
design and result from software systemview. In the
latter circuit design, double-sided PCB was used in
the circuit board with one for circuit wiring, another
for components. The components of the whole surface
are made of ground copper foil, making less earth
resistance and inductance. And the basic electronic
potential between the grounds were equal. Because the
entire circuit elements were close to the "ground",

some interfering electric fields were thus directly

accessed to "ground". It has weakened the crosstalk

between lines and components and effectively
eliminated the pulse crosstalk. According to the size
of the printed circuit board current, the power line
width was overstriking as possible to reduce the loop
resistance. The circuit diagram and eventually the

triggering results are shown in Fig.5 and Fig.6.

Fig.3 Emulation

of the circuit with Systemview
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Fig.4 Results of the emulation
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Fig.5 Hardware principle of the circuit
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Fig.6 Experimental results of the trigging signal

5 Conclusion

In this paper the cloud lidar launching module is
studied assuming the certain simulating parameters and
the atmospheric model. According to the signal to
noise ratio equation, the appropriate laser beam power
is calculated. And the emitting laser model is used
considering several performance parameters such as
wavelength and output pulse rising time. Then the
feasible digital logic circuit is designed to obtain the
one over four thousand of the duty ratio for the
triggering clock. Finally the experimental data imply
that the optical pulse can satisfy the demand of the

system.
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