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Abstract

One of the many responsibilities of the Survey and Alignment Team at the Advanced Photon Source (APS) is the periodic monitoring of the positional stability of the Radiation Safety System (RSS). The RSS for all operational
experiment x-ray beamlines consists of approximately one thousand (1,000) components. Access to these components is limited to a brief maintenance period, and the use of traditional survey techniques and optical tooling
is very time consuming. The APS Survey and Alignment Team is currently testing the suitability of close range industrial photogrammetry for this application. Initial results discussed in this poster suggest that an inexpensive
fully automated photogrammetric system is capable of quickly determining 3D position of targeted points with accuracy well below 0.5 mm.

Introduction

The constraints of short access time and time needed to measure RSS
components using traditional methods motivated us to investigate the
applicability of photogrammetric approach to remedy our situation. The two (2)
key questions we tried to answer by going through these exercises were:

1. Is the accuracy of an inexpensive but fully automated photogrammetric
system based on a consumer grade high resolution DSLR camera and
commercially available state-of-the-art photogrammetric software better
than 1 mm in the real environment of an APS beamline experiment station?

Figure 3. Interchangeable 1.5”
diameter spherical targets (Laser
Tracker, optical, photogrammetry)
used to measure 3D control points.

2. Is such a photogrammetric system capable of detecting component motions
smaller than 1 mm within a fixed reference frame of the experiment station?

To find the answers we conducted two (2) sets of exercises to measure an actual
Beam Stop in the experiment station D, 16-ID Beamline at APS (Figure 1). The
photogrammetric system consisted of a Canon 5D Mark Il digital SLR camera
with full-frame CMOS sensor with 21.1 effective megapixels and PhotoModeler
ver. 6.0 photogrammetric software from Eos Systems, Inc. The 15t set involved
only coded targets, and the 2" set a combination of coded and un-coded

Figufe 2 Tooling microscope with special
targets. The photogrammetric data were then compared directly to the fixture used for in-house production of

measurements from Leica Laser Tracker LTD500 recently calibrated to NIST  RAD coded spherical targets compatible
traceable standards. with Laser Tracker and optical targets.

Figure 1. APS Sector 16-ID Beamline Sta. D.

Methodology

= Camera was calibrated utilizing 12 images of the calibration grid with
144 targets provided by PhotoModeler.

= RAD (Ringed Automatically Detected) coded targets were printed in
scale designed for the farthest anticipated distance. The 1.5” diameter
spherical targets compatible with Laser Tracker retro reflector were built
in house (Figures 2-3).

= Control points defined by magnetic cups and ring magnets were
strategically situated around the RSS component (Figures 5-6).

= Stick-on targets were permanently glued on the RSS component and
around it as additional temporary tie points (Figures 5-6).

= |[mages were taken from multiple camera positions (8-11 images per
data set). Effort was made to capture at least 8-10 coded targets on each
photo and each target to appear on 2-3 photos minimally.

= Commercial software package PhotoModeler was used for all

photogrammetric data processing — including camera calibration, RAD Figure 4. Photomodeler’s 3D Viewer displays the final set of 3D points and camera locations and orientations as determined Figure 5. Combination of RAD coded
coded targets printing, automatic sub-pixel marking (Figure 7), automatic by bundle adjustment algorithm. and un-coded targets.

referencing, and bundle adjustment (Figure 4).
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