BEARRS 15 - ORMLZNRIR (B4 - B3 - #5)

687 (47)

BEEXSBEEARS A5 —CH33
AN PR EDENRERORS

[Z NI PSR /P2
B AEH I

—A - R 288N

T305 o < (THI/NEF)I] 16-2

(19904E5 B 7 H5%fF, 19904E7 B 19 HEZH)

Design of Lidar Transmitter-Receiver Optics for
Lower Atmospheric Observations: Geometrical
Form Factor in Lidar Equation

Nobuo SuciMoTo, Ichiro MaTsul and Yasuhiro Sasano

The National Institute for Environmental Studies,
16-2, Onogawa, Tsukuba 305

(Received May 7, 1990; Accepted July 19, 1990)

Geometrical form factors in the lidar equation were calculated for lidar systems for measuring
the lower atmospheric structures. Dependence of the geometrical form factor on optical configu-
ration and on misalignment of the optical system were investigated. The optimal design of
lidar transmitter-receiver optics for measuring aerosol distributions from near ranges was
discussed. The experimentally-determined geometrical form factor for a lidar system designed
based on the present consideration agreed with the calculated gemetrical form factor for the

system.
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Fig. 1 Geometrical model used for the
calculation.
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Fig. 2 Positions and diameters of the received
light beam and the shadow of the obstacle at
the S-, P-, and A-planes.
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Table 1 System parameters for the Case A-E in Fig. 3.

Telescope diameter 0.3m
Secondary mirror diameter 0.1m
Secondary mirror position (0.0), Rs=1.2m (see Fig. 1)
Effective focal length 1.5m
Field stop aperture diameter 1mm
Case A Case B | Case C Case D Case E
Aperture position fa(m) 1.5 1. 5056* 1. 5056* 1. 5056* 1.5
- z=0 =0 z=0 z=0 z=0
Laser beam position at y=0.2 y=0.2 y=0.2 y=0.2 y=0
a range R —0. 2R/400 —0. 2R/300
biaxial biaxial biaxial biaxial coaxial

* Image plane for R=400m.
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Fig. 8 Calculated images of the received light at the field stop aperture
plane. System parameters for the Case A-E are listed in Table 1. Trans-
mitting laser beam diameter and the divergence is assumed to be zero.
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Fig. 4 Calculated geometrical form factor as a
function of range. System parameters for Case
A-E are listed in Table 1. The laser beam
diameter is 5mm. The beam divergence is 0.4
mrad. The parameter for Case F and G are the
same as Case A and E, respectively, except that
the beam diameter and the divergence are
assumed to be zero.
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Fig. 5 Change in the geometrical form factor
due to the 0.2-mrad misalignment in the trans-
mitting beam direction for the coaxial system
(Case E) and the biaxial system (Case A). For
the biaxial system, three cases of the beam tilt,
(a) toward the telescope center, (b) away from
the telescope, ( ¢) perpendicular to the direction
toward the telescope center, are shown.
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Fig. 6 A design of the lidar transmitter-
receiver optics for near field observations.
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Fig. 7 Geometrical form factor as a function
of range. System parameters are listed in Table
2. Experimentally-determined geometrical form
factor is also shown for the present system
shown in Fig. 6.
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Table 2 System parameters for the calculation shown in Fig. 7-9.

Telescope diameter 0.48m

Secondary mirror diameter 0.17Tm

Secondary mirror position (—0.03, 0), Rs=1.12m

Effective focal length 1.2m

Field stop aperture diameter 3.2mm

Transmitting beam diameter 7 mm

Transmitting beam divergence 1 mrad

Present system | Coaxial system | Biaxial system
Aperture position fa(m) 1.2 1.2 1.2
Transmitting beam position | (0.015, —0.15) (—0.03, 0) (0.325, 0)
and diameter of obstacle Ds2=0.03 N. A. N.A.
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Fig. 8 Change in the geometrical form factor
due to the 0.5-mrad misalignment in the trans-
mitting beam direction for the present system,
coaxial system, and biaxial systems. The system
parameters are the same as those in Fig. 7. For
the biaxial system, the effects of misalignment
in the most sensitive directions are shown.
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