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a b s t r a c t

Today, accelerometers and laser Doppler vibrometers are widely accepted as valid

measurement tools for structural dynamic measurements. However, limitations of

these transducers prevent the accurate measurement of some phenomena. For example,

accelerometers typically measure motion at a limited number of discrete points and can

mass load a structure. Scanning laser vibrometers have a very wide frequency range and

can measure many points without mass-loading, but are sensitive to large displace-

ments and can have lengthy acquisition times due to sequential measurements. Image-

based stereo-photogrammetry techniques provide additional measurement capabilities

that compliment the current array of measurement systems by providing an alternative

that favors high-displacement and low-frequency vibrations typically difficult to

measure with accelerometers and laser vibrometers. Within this paper, digital image

correlation, three-dimensional (3D) point-tracking, 3D laser vibrometry, and acceler-

ometer measurements are all used to measure the dynamics of a structure to compare

each of the techniques. Each approach has its benefits and drawbacks, so comparative

measurements are made using these approaches to show some of the strengths and

weaknesses of each technique. Additionally, the displacements determined using 3D

point-tracking are used to calculate frequency response functions, from which mode

shapes are extracted. The image-based frequency response functions (FRFs) are

compared to those obtained by collocated accelerometers. Extracted mode shapes are

then compared to those of a previously validated finite element model (FEM) of the test

structure and are shown to have excellent agreement between the FEM and the

conventional measurement approaches when compared using the Modal Assurance

Criterion (MAC) and Pseudo-Orthogonality Check (POC).

& 2011 Elsevier Ltd. All rights reserved.

1. Introduction and motivation

Modal testing can be performed using a variety of different experimental techniques. Accelerometer, laser vibrometer,
and stereo-photogrammetry measurement systems all have advantages and drawbacks, so each must be implemented
where they will be most effectively employed. Accelerometers are by far the most traditional and widely used sensors
employed in modal testing. Their ease of use allows for quick, broadband measurements to be made, however the effects of
mass-loading (especially at higher frequency ranges or for lightweight structures) can corrupt a measurement and a large
channel count can be challenging due to cost and bookkeeping. Laser Doppler vibrometers provide a non-contacting,
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