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Abstract 

We present the proposed standard ASTM E57.02 “Test Method to Evaluate the Range Measurement 
Performance of 3D Imaging Systems in the Medium Range” (Work Item ASTM WK12373).  The stated 
purpose of the standard is to provide metrics and procedures to evaluate the range measurement 
performance of medium-range (2 m to 150 m working distance) non-contact, three dimensional (3D) 
imaging systems.  We provide a summary of the document to date, the proposed test methods, and the 
current status of the proposed standard. As an example, we also present preliminary results of 
experiments performed at the National Research Council Canada (NRCC). 

Keywords: ASTM, E57, non-contact 3D imaging system, standard, system performance, range 
measurement system, range error, medium-range systems 

1  Introduction 
The ASTM working group WK123732 has been developing a method for evaluating the range 
measurement performance of medium-range (2 m to 150 m working distance) scanning laser-based 3D 
imaging systems. This working group is part of the ASTM E57 committee that develops standards for 3D 
imaging systems. In this paper we explain the test protocol and analytical procedure, and present an 
example to show how the standard would be used. We then draw some conclusions before briefly 
describing future work by the ASTM E57.02 task group. 
                                                           
1 Primary author: david.mackinnon@nrc-cnrc.gc.ca 
2 http://www.astm.org/DATABASE.CART/WORKITEMS/WK12373.htm  

http://www.astm.org/DATABASE.CART/WORKITEMS/WK12373.htm


3  
 

 
Figure 1: Expected depth (range) measurement 
uncertainty level as a function of depth-of-field/object 
size for different non-contact 3D imaging methods [1]. 
 

To facilitate discussion we have adopted a 
formal nomenclature for variables. Scalar 
variables are indicated by lower-cased italicized 
characters (e.g., 𝑑), vectors by lower-cased 
characters that are both italicized and bold-faced 
(e.g., 𝒑). Matrices are presented using upper-
cased letters that have been bold-faced (e.g., 𝐌). 
Best-fit models generated from data sets are 
indicated as matrices with a hat (e.g., 𝐌� ) to 
indicate that this is a data set derived from a 
fitting process and will use the same letter as the 
data set from which it was derived.  

2 Background 
In this section we provide an overview of the 
proposed standard.  We also briefly introduce the reader to artifact-based evaluation of 3D imaging 
systems, a key area of research conducted by the 3D metrology team at National Research Council 
Canada (NRCC).  

2.1 History 
In 2006, the ASTM E57 committee was formed to develop standards to evaluate 3D imaging systems [2, 
7]. The development of the committee was driven by the needs of users and product developers to assess 
the fitness-for-purpose of a given system, to compare instruments in a fair manner, and to evaluate 
instrument warranty issues through the assessment of compliance or non-compliance to manufacturer-
claimed specifications [7]. The E57.02 subcommittee on test methods initially began evaluating range 
error of medium-range 3D imaging systems based on distance, target reflectivity, angle of incidence, and 
azimuth angle using a combination of spherical and planar target structures [2, 3]. Figure 1 shows how 
different 3D imaging system technologies compare with regard to expected depth (range) measurement 
uncertainty under rated conditions. Measurement uncertainty is the dispersion calculated from multiple 
error measurements so represents the random component of a measurement error model. For time-of-
flight (TOF) 3D imaging systems, object size can be considered analogous to range. A maximum range of 
150 m for medium range systems was selected to represent the typical size of projects employing pulsed- 
and phase-based TOF 3D imaging systems (e.g., building and bridges) [3].  

Based on early experiments by the National Institute of Standards and Technology (NIST) [3, 10], FARO 
Technologies [6], and the NRCC [7], it was decided that a planar target would be used for range error 
analysis [2]. Spheres eliminated the need to orient the target, but producing spheres 300 mm or more in 
diameter for testing the upper-end of the 150 m range was expected to be cost-prohibitive [3]. Moreover, 
planar surfaces were shown to generate less noise than spherical surfaces [8]. The use of real-world 
materials was also abandoned as being impractical given the large number of possible materials. 
Spectralon3, an industry-standard material for testing optical systems, was also considered but was 

                                                           
3 Disclaimer: Although certain commercial products are mentioned, the inclusion of such information should in no 
way be construed as indicating that such products are endorsed by the authors or the institutions they represent, or 
that they are necessarily the best equipment for the purposes described.   
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Figure 2: Graphical representation of the 
target plates with respect to the origin of 
the instrument under test. 
 

discarded because of its cost and the fact that lasers operating 
in the wavelengths common to medium-range 3D imaging 
systems (500 nm to 1600 nm) penetrated the material by as 
much as 3 mm [2, 4].  Further experimentation focused on 
surfaces made of aluminum that had been vapor- or sand-
blasted to provide a diffusely-reflecting surface [2].  

2.2 Range Error Standard 
The purpose of this standard is to provide a structure within 
which to evaluate the range measurement performance of medium-range 3D imaging systems. This 
standard can be used to compare the performance among similar systems, to assess the observed versus 
claimed range measurement performance of a system, or to simply characterize the range measurement 
performance of a system. If used to assess warranty claims, then the evaluation described in this standard 
should be performed in accordance with manufacturer-supplied specifications and under rated conditions.  

Metrological traceability is an informational path through measurement results and not through 
instruments [5] so, for a medium-range 3D imaging system, traceability stops at the reference instrument 
(RI). The RI is typically either a laser tracker or total station that uses a spherically-mounted retro-
reflector (SMR) target, which is a well-calibrated and cooperative target [6]. The target surfaces used in 
the proposed E57 standard are non-cooperative, so it is not currently feasible to attain traceability from 
the RI to the instrument under test (IUT) except on a case-by-case basis [5].  

The test method consists of comparing the distance measured between the geometric centers of two target 
plates by the IUT to the plate-to-plate distance measured by a RI. This means that the distance being 
evaluated is the relative distance (distance between two points), not the absolute distance from the 
origin/center of the IUT to a point on a target. Because the origin of many 3D imaging systems is 
typically unknown or not readily measurable, the task group decided to use relative distance so that the 
test method would not be restricted to certain classes of 3D imaging system.    

Ranging error has two primary components: a constant origin offset, or R0, error and an incremental 
distance error [6]. As illustrated in Figure 2, the target plates are each oriented such that the line (Line A) 
passing through the geometric centers 𝐶𝑛𝑒𝑎𝑟 and 𝐶𝑓𝑎𝑟 of the target plates, and as much as possible, also 
passes through the origin O, and along the line-of-sight, of the IUT. The target plates are oriented so that 
the normal vectors of the front surfaces (faces) of the target plates are both aligned along Line A and 
directed toward O. In this configuration the constant R0 error is effectively cancelled out so the distance 
error component of the ranging error dominates the resulting range error value. See [6] for a more detailed 
description of the geometric errors associated with this test. 

The manufacturer specifies Cnear, which is the distance at which the IUT yields the smallest range error.  
The rationale for having the manufacturer specify this distance is to minimize the calculated range error.  
If the manufacturer does not specify this distance, then the user may choose any distance for Cnear.   Cfar is 
selected by the user but must be within the rated conditions of the IUT. 

2.3 Artifact-based Evaluation 
In an artifact-based system evaluation, an artifact is used to connect the results obtained from the RI to the 
results obtained from the IUT.  This process requires that the artifact, in this case a target plate, be 
selected such that it minimally affects the characteristic being evaluated.  For range error evaluation, it is 
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important to minimize the influence of the target plate on the ability of the RI and IUT to fit a plane to the 
front surface (face) of that target plate. The standard requires that the target plate meet the manufacturer’s 
optical and mechanical specifications, if any were provided. Moreover, the flatness of the target-plate face 
must not exceed 20% of the range error of the IUT. As a result, the performance of the IUT should be, for 
all intents and purposes, relative only to the performance of the RI.  

An example of an acceptable artifact mentioned in the standard is an aluminum plate with a vapor-blasted 
finish (an example of which is shown in Figure 3); however, the user is free to choose any material, such 
as ceramic or steel, that meets the target-plate specifications.  The user is required to document the 
flatness, reflectance factor, and diffuse reflectance factor of the target-plate face. The latter two values 
represent the amount of optical energy reflected by the target-plate face, with diffuse reflectance factor 
being the reflectance factor after the specular reflectance component has been removed [9].  

3 Test Procedure 
In this section we explain the procedure for performing a range error test. The test procedure involves two 
target plates, but can be adapted to more than two target plates. The test generates two characteristic 
values: Range error 𝐸𝑟𝑎𝑛𝑔𝑒 and root-mean-squared (RMS) dispersion limit 𝐿𝑅𝑀𝑆. These characteristic 
values, and how they can be used to assess a medium-range 3D imaging system, are discussed in this 
section.  

3.1 Setup 
The test setup involves placing two target plates along Line A as illustrated in Figure 2 such that Line A 
passes through 𝐶𝑛𝑒𝑎𝑟, 𝐶𝑓𝑎𝑟, and O, and the normal vectors of the target-plate faces are aligned along Line 
A and directed toward O. The arrangement can also be generated using a single target plate moved to 
𝐶𝑛𝑒𝑎𝑟 and 𝐶𝑓𝑎𝑟 as required. The RI is used to assist in achieving this setup as closely as is practically 
achievable. The setup is reasonably error-tolerant provided sufficient care is taken in positioning the 
target plates with respect to the IUT. The standard provides a more detailed example of how one can 
achieve a reasonably-accurate target-plate setup. 

The target plate must be rigidly mounted so that it does not move during both RI and IUT measurement 
steps. The standard provides an example of target plate, RI, and IUT mounting assemblies that can ensure 
instrument and target-plate stability while performing data collection. 

 
(a)  

(b) 
 

Figure 3: Example of a typical target plate. (a) Mounted on a target stand. (b) Mounted on a rail system. 
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3.2 Data Collection 
Data collection takes place in two steps: target-plate separation measurement by the RI and target-plate 
separation measurement by the IUT. The standard specifies that the expanded uncertainty of the range 
portion of the RI must be one quarter or less of the maximum permissible error (MPE) of the IUT. The RI 
is used to obtain a reference distance between the geometric centers of the two target-plate faces, 𝑑𝑟𝑒𝑓, 
and the IUT is used to obtain a measured distance between the geometric centers of the two target-plate 
faces, 𝑑𝑚𝑒𝑎𝑠. The test procedure involves the steps described in the sections 3.2.1 through 3.2.3 below. 
For purposes of illustration, the steps are described using a laser tracker as the RI, and the target plate 
farthest from the IUT is measured first.  

3.2.1 RI measurement of the far target plate face 
A SMR is used to obtain position measurements at widely-distributed points on the target-plate face so 
that a plane can be accurately fit to the measurement data obtained using the RI. Additional position 
measurements are obtained for all four sides bounding the target-plate face so that the bounds of the 
target-plate face can be established. The geometric center of the target-plate face, 
𝒑�𝑓𝑎𝑟,𝑅𝐼 = [𝑥�𝑓𝑎𝑟,𝑅𝐼 𝑦�𝑓𝑎𝑟,𝑅𝐼 𝑧̂𝑓𝑎𝑟,𝑅𝐼]𝑇, in the RI coordinate system is calculated to be the centroid of the 
volume contained within the bounds of the target-plate face. The procedure used to generate the planes 
associated with the RI measurement results and how to use those planes to obtain 𝒑�𝑓𝑎𝑟,𝑅𝐼 is described in 
Section 4.2. 

3.2.2 IUT measurement of the far target-plate face 
The IUT is used to capture a surface map of the target-plate face. The target-plate face must be large 
enough so that at least 100 IUT measurement results, relatively evenly distributed across the entire target-
plate face, remain after an exclusion region around the edge of the target-plate face has been removed.  
Figure 4(a) shows an example of acceptable and unacceptable measurement distributions. An acceptable 
measurement distribution consists of measurements that are relatively evenly distributed across the entire 
target plate face and extend beyond the edges of the target plate face. Figure 4(b) illustrates the user-
selected and exclusion regions to be applied to the surface map obtained by the IUT. If possible, no 
filtering or automatic point removal should be applied to the data collected by the IUT.  

The first task is to obtain a best-fit plane 𝑾�𝑓𝑎𝑟 to approximate the position, orientation, and bounds of the 
plane corresponding to the target plate face. Let 𝐏𝑓𝑎𝑟 be the set of measured points obtained by the IUT, 
excluding all measurements the operator can clearly attribute to surfaces other than the target-plate face. 
A subset 𝐒𝑓𝑎𝑟 ⊆ 𝐏𝑓𝑎𝑟 is selected by eliminating from 𝐏𝑓𝑎𝑟 all points in the exclusion region so that 𝐒𝑓𝑎𝑟 
only represents points in the user-selected region, indicated by the grey-shaded region in Figure 4(b). The 
standard specifies that 𝐒𝑓𝑎𝑟 should:  

1. cover at least 50 % of the target-plate face area;  
2. avoid the region affected by the edges of the target-plate face, referred to as the exclusion region. In 

Figure 4(b), the exclusion region is illustrated as a grey-hatched region bounded on the inside with 
dashed lines and the outside by the target plate face edge. The user-selected region (shown in grey) 
must be completely within the boundary indicated by dashed lines, referred to in Figure 4(b) as the 
bounds on the selection region; 

3. contain at least 100 measured points, relatively evenly distributed across the entire target-plate face; 
4. have a width 𝑤𝑖𝑛 and height ℎ𝑖𝑛 no less than 10 times the beam diameter at that distance from the 

IUT. 
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A plane 𝐒�𝑓𝑎𝑟 is then fitted to  𝐒𝑓𝑎𝑟 using the method of least-squares regression, what is referred to as 
Orthogonal Least-squares Regression (OLS). In OLS regression, the residual is the amount by which each 
data point deviates from the model (in this case a plane) being fit to that data.  Each residual is calculated 
from the orthogonal (shortest in Cartesian space) distance between each data point and the plane [11]. The 
standard deviation of the residuals 𝑠𝑓𝑎𝑟 is also calculated at this time. 

The second task is to estimate the geometric center of the target plate face from the IUT measurement 
results. This involves extending the edges of 𝐒�𝑓𝑎𝑟 to generate a plane 𝐖�𝑓𝑎𝑟 that is bounded by the edges 
of the target plate face. We generate a bounding box for 𝐖�𝑓𝑎𝑟 that encompasses all points associated with 
the target plate face while, as much as possible, eliminating points affected by the edges of the target plate 
face. The points are then projected onto 𝐖�𝑓𝑎𝑟 and the smallest 2D bounding box that contains all the 
projected points is generated on 𝐖�𝑓𝑎𝑟. The geometric center of the bounding box is then an 
approximation of the geometric center of the target plate face.  

To do this, we first remove from 𝐏𝑓𝑎𝑟 any measured points more than 2𝑠𝑓𝑎𝑟 from 𝐒�𝑓𝑎𝑟, measured 
orthogonal to 𝐒�𝑓𝑎𝑟, to generate 𝐖𝑓𝑎𝑟 ⊆ 𝐏𝑓𝑎𝑟. We then extend the edges of 𝐒�𝑓𝑎𝑟 until it is bounded by the 
smallest possible 2D rectangular box that contains the orthogonal projection of every point in 𝐖𝑓𝑎𝑟, 
calling this extended plane 𝐖�𝑓𝑎𝑟 The geometric center of 𝐖�𝑓𝑎𝑟 is then calculated to be the centroid of the 
bounds of the smallest bounding box that completely encompasses 𝐖�𝑓𝑎𝑟. The centroid, 𝒑�𝑓𝑎𝑟,𝐼𝑈𝑇 =
[𝑥�𝑓𝑎𝑟,𝐼𝑈𝑇 𝑦�𝑓𝑎𝑟.𝐼𝑈𝑇 𝑧̂𝑓𝑎𝑟,𝐼𝑈𝑇]𝑇, is an estimate of the geometric center of the target plate face in the IUT 
coordinate system. At this time, the RMS of the orthogonal distances from every point in 𝐖𝑓𝑎𝑟 and the 
plane is calculated to be RMS𝑓𝑎𝑟.  

3.2.3 RI and IUT measurement of the near target-plate face 
The procedures described in Section 3.2.1 are used to generate the geometric center of the target-plate 
face at 𝐶𝑛𝑒𝑎𝑟, 𝒑�𝑛𝑒𝑎𝑟 = [𝑥�𝑛𝑒𝑎𝑟,𝑅𝐼 𝑦�𝑛𝑒𝑎𝑟,𝑅𝐼 𝑧̂𝑛𝑒𝑎𝑟,𝑅𝐼]𝑇, in the RI coordinate system. The procedures 

 
(a) 

 
(b) 

 

Figure 4: (a) Examples of acceptable and unacceptable measurement distribution across the target-plate face. (b) 
User-selected and exclusion regions for IUT measurement data. 
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described in Section 3.2.2 are then used to generate the geometric center of the target-plate face, 𝒑�𝑛𝑒𝑎𝑟 =
[𝑥�𝑛𝑒𝑎𝑟,𝐼𝑈𝑇 𝑦�𝑛𝑒𝑎𝑟,𝐼𝑈𝑇 𝑧̂𝑛𝑒𝑎𝑟,𝐼𝑈𝑇]𝑇, in the IUT coordinate system, as well as RMS𝑛𝑒𝑎𝑟.  

3.3 Analysis of Results 
The results obtained in Section 3.2 are used to calculate the range error, 𝐸𝑟𝑎𝑛𝑔𝑒, and the RMS dispersion 
limit, 𝐿𝑅𝑀𝑆. These results can be compared to manufacturer-provided specifications to determine whether 
the system is operating within the manufacturer’s specified maximum permissible error for range, 
MPE𝑟𝑎𝑛𝑔𝑒, and the maximum permissible limit for RMS dispersion ,MPL𝑅𝑀𝑆. 

Range error 𝐸𝑟𝑎𝑛𝑔𝑒 is calculated as 

𝐸𝑟𝑎𝑛𝑔𝑒 = 𝑑𝐼𝑈𝑇 − 𝑑𝑅𝐼 (1) 
where 

𝑑𝐼𝑈𝑇 = ��𝑥�𝑓𝑎𝑟,𝐼𝑈𝑇 − 𝑥�𝑛𝑒𝑎𝑟,𝐼𝑈𝑇�
2 + �𝑦�𝑓𝑎𝑟,𝐼𝑈𝑇 − 𝑦�𝑛𝑒𝑎𝑟,𝐼𝑈𝑇�

2 + �𝑧̂𝑓𝑎𝑟,𝐼𝑈𝑇 − 𝑧̂𝑛𝑒𝑎𝑟,𝐼𝑈𝑇�
2 (2) 

and 

𝑑𝑅𝐼 = ��𝑥�𝑓𝑎𝑟,𝑅𝐼 − 𝑥�𝑛𝑒𝑎𝑟,𝑅𝐼�
2 + �𝑦�𝑓𝑎𝑟,𝑅𝐼 − 𝑦�𝑛𝑒𝑎𝑟,𝑅𝐼�

2 + �𝑧̂𝑓𝑎𝑟,𝑅𝐼 − 𝑧̂𝑛𝑒𝑎𝑟,𝑅𝐼�
2. (3) 

The IUT is considered to be in compliance with regard to range error if �𝐸𝑟𝑎𝑛𝑔𝑒� ≤ MPE𝑟𝑎𝑛𝑔𝑒. 

The RMS dispersion limit 𝐿𝑅𝑀𝑆 is calculated as 

𝐿𝑅𝑀𝑆 = max𝑅𝑀𝑆�RMS𝑛𝑒𝑎𝑟, RMS𝑓𝑎𝑟�. (4) 

The IUT is considered to be in compliance with regard to RMS dispersion if 𝐿𝑅𝑀𝑆 ≤ MPL𝑅𝑀𝑆. 

If the IUT fails either of these compliance tests, then a single retest is permitted. If the IUT fails either of 
these compliance tests during the retest, then the IUT is deemed to be out-of-compliance with regard to 
the manufacturer-supplied specifications. If, however, the IUT passes the retest, then it is considered to be 
in compliance. 

4 NRCC Experiments 
The procedures described in the proposed standard were performed at the NRCC. The purpose of these 
experiments was to identify issues related to the test procedure and develop best practices to address these 
issues. A rectangular target plate was placed on a rail system to characterize the range error performance 
of a medium-range 3D imaging system. For this example, the identities of the RI and IUT have been 
obfuscated because this was not a formal evaluation of the IUT or the RI. The procedures described here 
can be applied to target plates mounted on either a rail or on stands. 

4.1 Experimental Design 
The layout of the experiment is illustrated in Figure 5 and consists of a rectangular target rigidly mounted 
on a plate, which is attached to a locking slider mounted on a rail system. Four SMR nests are mounted 
on the plate: two immediately below the rectangular target, and two immediately above the rectangular 
target. Figure 5(a) is a side view of the test system to illustrate the position of the RI relative to the target 
plate, and Figure 5(b) shows a front view that highlights the positions of the SMRs used by the RI. The 
position of the IUT, not shown in Figure 5, is such that the geometric center of the target plate remains, as 
much as possible, along a line through the origin of the IUT.   
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4.2 Modelling the target assembly 
The first step in the procedure employed by NRCC was to link a digital model of the target plate to the 
positions of the SMR mounts on the mounting plate, as shown on Figure 5. The purpose of this step is to 
generate a single model of the target plate that can be referenced no matter where the combination of 
target-plate and mounting-plate is moved. The RI actively tracks the locations of the SMRs in the 
mounting plate regardless of its position along Line A. This allows us to avoid having to remeasure the 
positions and orientations of the front and side planes of the target plate.   

The assembly is placed in a position near the RI, then a 1.5 inch (38.1 mm) diameter SMR is used to 
perform three to five measurements of each of the four sides of the target and at least five measurements 
of the front of the target plate. For each of these five planar surfaces, measurements are performed at 
positions far from each other to ensure that the final model is a reasonable representation of each planar 
surface. Note that this measurement process only needs to be performed once to link the model of the 
target plate to the positions of the SMR mounts on the mounting plate. 

A plane is fit to each of the five surfaces: 𝐑𝑡𝑜𝑝 from the top plane and 𝐑𝑏𝑜𝑡𝑡𝑜𝑚 from the bottom plane 
under the contraint that both planes be parallel to each other, 𝐑𝑙𝑒𝑓𝑡 from the left plane and 𝐑𝑟𝑖𝑔ℎ𝑡 from 
the right plane under the contraint that both planes be parallel to each other, and 𝐑𝑓𝑟𝑜𝑛𝑡 from the front 
plane. A plane 𝐑𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 is generated as the plane equidistant between 𝐑𝑙𝑒𝑓𝑡 and 𝐑𝑟𝑖𝑔ℎ𝑡, a plane 
𝐑ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 is generated as the plane equidistant between 𝐑𝑡𝑜𝑝 and 𝐑𝑏𝑜𝑡𝑡𝑜𝑚, and the reference geometric 
center of the target-plate face 𝒑𝑐𝑒𝑛𝑡𝑒𝑟 is then extracted as the intersection of 𝐑𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙, 𝐑ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙, and  
𝐑𝑓𝑟𝑜𝑛𝑡.The positions of the SMRs on the mounting plate, denoted 𝐩𝑈𝐿,  𝐩𝑈𝑅, 𝐩𝐿𝐿, and 𝐩𝐿𝑅 in Figure 5(b), 
are then obtained relative to  𝒑𝑐𝑒𝑛𝑡𝑒𝑟 so that the geometric center of the target plate can be extracted from 
the positions of the SMRs on the mounting plate, regardless of where the assembly is subsequently 
positioned.    

4.3 Calculation of Distance 
The assembly, shown in Figure 3(b), is placed in the near and far position on the rail. At each position, 
both the SMR positions and a scan of the target-plate surface are obtained. Given measurements at two 
positions on the rail, the reference distance, 𝑑𝑅𝐼, between the two target-plate positions was found using 
(3). 

 
(a)  

(b) 
 

Figure 5: Test setup using a rail-mounted target plate. (a) Side view showing the position of the RI, target plate, 
and SMRs. (b) Front view showing the position of the RI, in front and to one side of the target plate, as well as 
the distribution of the SMRs. 



10  
 

Immediately after performing RI measurements for any given position on the rail, the IUT was used to 
obtain a surface map of the target-plate face. Given measurements at the near and far positions, the 
geometric centers of the target-plate faces were obtained using the procedure described in Section 3.2.2. 
The IUT distance between target-plate geometric centers in the near and far positions was then found 
using (2). The RMS dispersion values RMS𝑛𝑒𝑎𝑟 and RMS𝑓𝑎𝑟 were also generated at this time. 

4.4 Analysis of Results 
Table 1 shows the results of six repetitions of the procedure described in the proposed standard. In 
practice, the procedure would only have been performed once with a second repetition performed only if 
the IUT was found not to be in compliance.  

The first two rows are used to calculate 𝐸𝑟𝑎𝑛𝑔𝑒 for the IUT with respect to the RI. The values in each 
column are the distance between the geometric center of the bounding box that encompasses all points 
associated with the target plate face acquired at the far position and the geometric center of the bounding 
box that encompasses all points associated with the target plate face acquired at the near position. The 
average absolute value of �𝐸𝑟𝑎𝑛𝑔𝑒� was (0.27 ± 0.02) mm, indicating that the results are repeatable. If the 
IUT were being evaluated as recommended in the proposed standard, then only the first repetition would 
have been used as the calculated absolute value of the range measurement error; that is, �𝐸𝑟𝑎𝑛𝑔𝑒� =
0.28 mm. If the manufacturer’s specified MPE for the IUT is MPE𝑟𝑎𝑛𝑔𝑒 = 0.30 mm, then ��𝐸𝑟𝑎𝑛𝑔𝑒� =
0.28� ≤ �MPE𝑟𝑎𝑛𝑔𝑒 = 0.30� so the IUT would be in compliance.  

The last row shows the 𝐿𝑅𝑀𝑆 for each repetition. The average RMS dispersion was (0.169 ± 0.008) mm, 
indicating that the results are repeatable. If the IUT were being evaluated as recommended in the 
proposed standard, then only the first repetition would have been used as the calculated RMS dispersion 
limit; that is 𝐿𝑅𝑀𝑆 = 0.167 mm. If the manufacturer’s specified MPL for the IUT is MPL𝑅𝑀𝑆 = 0.20 mm, 
then (𝐿𝑅𝑀𝑆 = 0.167) ≤ (MPL𝑅𝑀𝑆 = 0.20) so the IUT is in compliance.   

5 Conclusions 
A Proposed Standard ASTM E57.02 “Test Method to Evaluate the Range Measurement Performance of 
3D Imaging Systems in the Medium Range” is currently under development by the ASTM E57 
committee.  The proposed standard was submitted for ASTM E57.02 subcommittee ballot in February 
2013. The purpose of the standard is to provide metrics and procedures to evaluate the range 
measurement performance of medium-range 3D imaging systems.  We presented a summary of the 
document to date, the proposed test methods, the current status of the proposed standard, and results of 
experiments performed at the NRCC.  

Table 1: Results of six repetitions of the proposed range measurement error procedure. Each distance value is 
the difference between a single scan at the far position and a single scan at the near position. All results are 
given in millimeters. 

Repetition 1 2 3 4 5 6 Average 
𝑑𝑅𝐼  2035.00 2033.37 2030.89 2035.05 2034.90 2034.91 N/A 
𝑑𝐼𝑈𝑇 2034.72 2033.10 2030.65 2034.77 2034.65 2034.61 N/A 

�𝐸𝑟𝑎𝑛𝑔𝑒� 0.28 0.27 0.24 0.28 0.25 0.30 0.27 ±0.02 
𝐿𝑅𝑀𝑆  0.167 0.171 0.164 0.162 0.185 0.166 0.169±0.008 
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