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Neptec 3D Laser Scanner for Space Applications: Impact of Sensitivity Analysis on Mechanical Design

C. Samson, I. Christie, (Neptec Design Group, 302 Legget Drive, Kanata, ON, Canada K2K 1Y5),

J.-A. Beraldin, and F. Blais (National Research Council of Canada, Ottawa, ON, Canada K1A 0R6)

1. Introduction

The Neptec Design Group has developed the Laser Camera System (LCS), a new 3D laser scanner for

space applications, based on an auto-synchronized principle from the National Research Council of Canada

(NRC). The LCS was tested in August 2001 during mission STS-105 of the space shuttle Discovery to the

International Space Station1.

Significant design changes had to be made to the original NRC laboratory scanner to port it to the space

environment. In order to guide decisions, a sensitivity analysis was performed early in the design process to

identify and rank the different parameters affecting the accuracy at which the LCS can determine the

position of discrete target points. This paper reports on the impact of the sensitivity analysis on the

mechanical design of the LCS.

2. Sensitivity Analysis

The main components of the LCS are shown in Figure 1 together with the coordinate system chosen for the

analysis.  The projection path (solid line) is: the collimated laser beam reflects on the scanning X-mirror,

the fixed projection side mirror and the narrow region of the scanning Y-mirror before reaching a target

point. The collection path (dotted line) is: the diffuse reflection from the target is collected on the wide

region of the scanning Y-mirror, reflects on the fixed collection side mirror and the opposite surface of the

scanning X-mirror, is focused by the collecting lens and illuminates the detector.

The LCS can be mathematically represented by trigonometric equations relating the angles of the different

mirrors and the peak position on the detector to spatial X, Y and Z coordinates2. The equations include

dimensional, angular and optical parameters, and conversion factors. The sensitivity analysis consisted in

varying these parameters in small steps, and computing the corresponding variations in X, Y and Z. The

difference between the X-coordinate of a target point for the base value of a given parameter, k, and for a

small discrete increment, ∆k, is given by:

∆x = | x(k) – x(k±∆k) | .                                              (1)

Similar equations are used for the Y- and Z-coordinates. For photogrammetry applications, X- and

Y-coordinate accuracy is the most important.

The sensitivity analysis showed that, in general, angular parameters have a greater impact on accuracy than

dimensional parameters. Table 1 lists the coordinate errors associated with angular parameters c, p, 0

and 0 , and dimensional parameters f0, d, S and hy. All these parameters are defined in Figure 1. The

corresponding coordinate errors have been reduced by careful mechanical design, as detailed in the

following sections.

3. Mirror Angles

In theory, the projection and collection side mirror angles should be equal ( p= c= ) but, in practice, a

small misalignment can occur. As shown in Table 1, the corresponding coordinate errors are large,

especially for Z-coordinates. The collection side mirror angle causes the largest X-coordinate error because

it affects both the slope of the collected ray and the location of the contact point on the mirror. The

projection side mirror angle only affects the slope of the projected ray. To reduce errors, the side mirror



mounts have been designed to a tolerance of ±0.02°. This tight tolerance could be achieved via mechanical

design and maintaining accuracy of fabricated parts.

The scanning angular offset, κ0κ for the X-mirror and ϕ0ϕ for the Y-mirror, is the angular difference

between the actual rest position of the mirror and its ideal stationary position. Since these mirrors are

moving, the tightest tolerance that could be achieved is ±0.05°. To meet this goal, a secondary bearing

support was added to the Y-mirror to compensate for its size and weight.

4. Baseplate Material

The baseplate is certainly the most critical element of the opto-mechanical design, supporting all the

different optical elements. Its rigidity, to maintain proper alignment, and thermal stability were extremely

important parameters to investigate.

Two materials were under consideration for the optical baseplate: composite M55J/CE3 (M55J: graphite

fiber, CE3: cyanate) and aluminium 6061-T6. Both materials are thermally isotropic in the X- and

Y-directions. The coefficients of thermal expansion (CTE) of the composite and the aluminium are

–2.39 E-07 K-1 and +2.34 E-05 K-1, respectively. A positive/negative CTE corresponds to expansion/

contraction with increasing temperature. Thermal modeling predicted that, during steady-state space

operations, the LCS would be subjected to temperatures ranging from +7 to +51°C. At these temperature

extremes, the sensitivity analysis showed that the difference of two orders of magnitude in CTE between

the two materials directly translated into a difference of two orders of magnitude in coordinate errors.

Based on these results, the composite was selected for the LCS. Table 1 shows the variations in

dimensional parameters f0, d, S and hy for the composite between +7 to +51°C and the corresponding

errors, which are overall very small.

5. Concluding Remarks

The error analysis reported in this paper shows the importance of doing a proper sensitivity analysis

between an ideal design and the mechanical tolerances of its real-world implementation. The sensitivity

analysis was performed to assist in the design process by identifying critical issues. It should be noted that

the errors have been reduced further by calibration.
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Table 1. Coordinate errors for a target point located 5 m away, directly in front of the LCS

Coordinate errors [mm]

Parameter Unit Minimum Maximum X Y Z

Collection side mirror angle c deg c - 0.02 c + 0.02 3.95 227.0

Projection side mirror angle p deg p - 0.02 p + 0.02 1.05 227.0

X-mirror scan angular offset 0 deg -0.05 0.05 8.78 0.17

Y-mirror scan angular offset 0 deg -0.05 0.05 8.64 0.01

Dist. lens – detector f0 mm f0 - 0.000819 f0 + 0.000351 0.001 0.05

Half-baseline d mm d - 0.000275 d + 0.000118 0.0004 0.04

Dist. X-mirror pivot – lens S mm S - 0.000194 S + 0.000083 0.0003 0.0003

Dist. X- and Y- mirror pivots hy mm hy - 0.000320 hy +0.000137 0.00001 0.0003



Figure 1.  Top views of the LCS baseplate and its various components.  The projection and collection paths

are shown in solid and dotted lines, respectively.  The parameters studied during the sensitivity analysis

are: c:  collection side mirror angle; p:  projection side mirror angle; f0:  distance between the collecting

lens and the detector; d:  half-baseline; S: distance between the X-mirror pivot and the collecting lens; hy:

distance between the X-and Y-mirror pivots.
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