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1. Introduction

The light imaging detection and ranging (LIDAR) system is an active imaging
system that provides range information. A laser is projected through an optical
system to expand the beam and direct it to a target to be imaged. The purpose of
this report is to understand how the spot size at the target varies with the input angle
of the laser to the optics system. The change of the output angle, after the laser
passes through the lenses, compared with the input angle is also calculated. Figure
1 shows the LIDAR optical system described in this report. The laser source is a
1550-nm laser. The tilt mirror’s tilt axis is perpendicular to the plane of the figure
and moves 6° to each side of the on-axis projection of the laser through the lens
system. The first lens, nearest to the tilt mirror, is a 25-mm focal length,
12.7-mm-diameter cemented acromatic doublet (AC/127-025-C) made by Thor
Labs (Newton, New Jersey). The second lens is a 9.7-mm focal length, 12.7-mm-
diameter double-concave lens (SLB-12.7B-10NIR2/W3060) made by OptoSigma
(Santa Ana, California).

Laser Source  Acromatic Doublet
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Fig.1  LIDAR optical system showing on-axis projection (0° tilt) of a 1-mm-diameter laser
(left) and 4° tilt (right)

2. Methods, Assumptions, Procedures

Zemax-EE (32-bit), Version Sep 17, 2010, was used to model the optical system.
The Zemax lens data editor (LDE), shown in Fig. 2, shows the design of the optical
system. A 1-mm aperture stop (Line 2 of the LDE) produces the Gaussian laser
profile. The laser has a 1-milliradian divergence, which was entered into the Field
Data (Zemax 2011, p. 51). Line 4 of the LDE places the tilt mirror in the proper
location.
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Fig.2  Zemax LDE showing entries graphically depicted in Fig. 1

To implement the tilt mirror oriented at 40° to the optical axis, two coordinate
breaks are needed. These are shown in Lines 2 and 6 of the LDE. The first
coordinate break, shown in Line 2, rotates the coordinate system 20° to initiate the
fold. The fold mirror is normal to this new coordinate system. The second
coordinate break, shown in Line 6 of the LDE, rotates the axis another 20° to
complete the fold and follow the reflected beam. Lines 3 and 5 of the LDE are two
coordinate breaks that are then required to tilt the mirror 6° on either side of the
optical axis (Geary 2002, p. 423). This tilt is adjusted by entering values from 0° to
6° in Line 3, Par3 column of the LDE. Figure 2 shows the tilt angle set at 4° off the
optical axis.

The parameters of the Thor Labs cemented acromatic doublet were available online
in a Zemax format, and that information was copied directly into the Zemax LDE
in Lines 7-9 (Locke 2006). The radius of curvature of the OptoSigma
double-concave lens (10.38 mm) was available online and was manually entered
into the LDE in Lines 10-11.

The distance to the target (Line 11, thickness) was evaluated at 150 m along with
the laser profiles, which were analyzed at a diameter of 1 and 3 mm. The laser
profiles at the target were evaluated at tilt mirror angles of 0°, 2°, 3°, 4°, and 6°
from an on-axis projection.

3. Results and Discussion

The tilt mirror was changed from 0° to 6° from the on-axis location of the initial
40° placement of the mirror. At each angle, the spot diagram was evaluated to
measure the spot size and determine the output angle.

3.1 Variation of Output Angle and Target Spot Size with Input
Angle

Tables 1 and 2 are a quantitative analysis of LIDAR operating scenarios (shown in
Fig. 1) and show the results for 1- and 3-mm-diameter laser inputs to the optical
system, respectively. In these analyses, the target is at 150 m.



Table 1 LIDAR input/output parameters for a 1-mm input beam

. Vertical ) Spot size
Beam size Input Distance offset at Vertical offset  Output diameter or
(mm) angle to target target . angle major/minor
(deg) (m) i Distanceto  (deg)  ayis at 150 m
target (size in m)
0.830
1 0 150 0 0 0 (circle)
1.04 x 0.9
1 2 150 26.278 0.1752 9.93 (oval)
1.36 x 1.06
1 3 150 40.952 0.273 15.26 (oval)
2.08 x 1.28
1 4 150 58.162 0.3877 21.19 (oval)
13.2x3.0
1 6 150 120.665 0.8044 38.81 (oval)
Table 2 LIDAR input/output parameters for a 3-mm input beam
Spot size
. Input Distance  Vertical Vertical offset  Output diameter or
Beam size
(mm) angle to target offset angle major/minor
(deg) (m) (m) Distance to (deg) axis at 150 m
target (size in m)
2.6
3 0 150 0 0 0 (circle)
3.2 x2.88
3 2 150 26.278 0.1752 9.93 (oval)
42x33
3 3 150 40.952 0.273 15.26 (oval)
6.7 x4.0
3 4 150 58.162 0.3877 21.19 (oval)
59.0 x11.0
3 6 150 120.665 0.8044 38.81 (oval)

Five input angles are analyzed from 0° to 6°. Input/output angles are identical for
the 1- and 3-mm beams in Tables 1 and 2. An input angle of 0° corresponds to the
laser being projected on-axis, through the center of the lenses, and an input angle
of 6° is the largest input angle where the rays of the laser are contained within the
optics used in the system. The angle of the output rays from the optical system of
the LIDAR are greater than the angle of the input rays. The ratio between the output
angle and the input angle is about 5, but the ratio of the 6° input ray is



approximately 6.5. This deviation is not surprising since the rays are very close to
the edge of the lens, where there are major aberrations of the optics.

There is an increase in spot size for both beam diameters (1 and 3 mm) as the input
angle of the laser increases. In these analyses, the laser diameter and input angle
have a large impact on spot size. The 1-mm-diameter laser spot size, at a target
distance of 150 m, varies from a 2.16 m? circle at a 0° input angle to a 124.4 m?
oval at a 6° input angle. The 3-mm-diameter laser spot size, at a target distance of
150 m varies from a 21.23 m? circle at a 0° input angle to a 2038.89 m? oval at a 6°
input angle. Spot size at the target is dependent not only on input angle, but also on
the laser diameter.

3.2 Target Spot Size Figures

Figures 3 and 4 show the size and shape of the laser spot pattern at the target,
projected through the optics of the LIDAR system described in this report, at 150 m.
The scale of these figures vary so the shape of the spot can be easily seen.
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Fig.3  Spot diagrams for a 1-mm-diameter parabolic LIDAR laser projected through the
optics analyzed in this report. The laser is input into the optics system at a) 0°, b) 2°, ¢) 3°, d)
4°, and e) 6°. Note: the scale varies from figure to figure.
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Fig.4  Spot diagrams for a 3-mm-diameter parabolic LIDAR laser projected through the
optics analyzed in this report. The laser is input into the optics system at a) 0°, b) 2°, ¢) 3°, d)
4°, and e) 6°. Note: the scale varies from figure to figure.



4. Conclusion

This analysis considered the effects of laser diameter and input angle to evaluate
their effects on the spot size of the laser on the target. The input angle was also
compared with the output angle after the laser passed through the optical system.

Beam diameter plays a significant role in increasing the size of the laser spot at the
target. A 3-mm-diameter on-axis laser increase in size by a factor of approximately
50 compared with a 1-mm-diameter beam. A 3-mm-diameter beam, projected into
the optics system at 6°, is larger by a factor of approximately 100, compared with
a 1-mm beam.

Beam angle also plays a significant role in increasing the size of the laser spot at
the target. A 1-mm beam, varied from an input angle of 0° to 6°, increases in size
by about a factor of 57. A 3-mm beam, varied from an input angle of 0° to 6°,
increases in size by about a factor of 96.

For both sizes of beams, the output angle was larger, by a factor of approximately
five, compared with the input angle of the laser.

Hopefully, these analyses will help researchers develop LIDAR systems that are
more effective and useful for the US military and others in government.
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List of Symbols, Abbreviations, and Acronyms

LDE lens data editor

LIDAR light imaging detection and ranging
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