A Low-Cost Technique for Photogrammetric Applications
Problem Statement:
Traditional tools for measuring strain and displacement utilize mechanical devices such as linear variable displacement transducers (LVDTs) and strain gauges that require direct attachment to the observed specimen. These devices are often limited to recording data in one direction and are vulnerable to being impaired during a test. Testing reinforced concrete until failure typically infers a lot of cracking and non-linear deformations due to its heterogeneity. Current mechanical devices are no longer functional for recording data once the specimen has withstood such deformations. To understand the true deformations and strains in the stages near failure, it would be beneficial to record information without having an instrument attached to the specimen. Digital photogrammetry is a non-contact method of recording relative displacement and rotation of marked points. There are several photogrammetry packages available which include the software and accessories needed for almost any photogrammetric need; however, these bundled packages are often expensive and hard to come by in a typical lab or household. The focus of this research is to investigate the accuracy and abilities of a cost-effective photogrammetric technique.  
Scope:

The scope of this project is limited to the research and development of a method to analyze photogrammetric data from a limited number of tests performed at both KU and UNR. This includes some data reduction and post-analysis to corroborate results with those obtained from traditional mechanical devices attached during the tests. The tests being studied range from a 1D quasi-static steel bar tension experiment to a full 3D dynamic testing of concrete columns under a simulated earthquake loading. The ultimate goal of this research is to develop a low-cost methodology for applying photogrammetric techniques to an assorted range of problems where using current mechanical devices is not feasible or too costly.
Methodology:

The application of photogrammetric techniques to structural testing and observation involves applying a reference grid or ‘taggers’ to a surface and then recording the movement of these reference points during a specified time period. Images can be taken using still photography using a fixed digital camera, or a frame-grabber can be used to pick off images from a video camera feed. The displacement of the known points in the image can be found from recording the relative movement of the points within the image and applying a few simple geometrical corrections. A software program with imaging capabilities can easily speed up this process and allow post-analysis manipulation of the data. Several engineering measurements can be derived from the change in displacements between the known points (strain, rotation, etc.). 
Non-metric video cameras and typical digital cameras are used to collect the image data. If necessary, a simple frame grabber is used to covert video feed to image files. IDL (Interactive Data Language) is used to analyze the images. IDL includes programming capabilities which allow the creations of routines to quickly analyze similar tests. 
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Figure 1 – The Photogrammetric Process

Examples:

1D QUASI-STATIC – Steel Bar Tension Test


Setup:
The purpose of this experiment was to use taggers to track the elongation and strain over the length of the bar as a function of time. The taggers for this experiment were black with a white dot painted in the middle. These taggers were affixed to the steel bar using hose clamps.  
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Figure 2 – Original image

Figure 3 – Noisy image

Figure 4 – Smoothed image
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Figure 5 – Relative displacement between taggers vs. time
Results:
Figures 2-4 depict the programming routine set up to find the taggers and smooth them to find the center of the white dots. Figure 5 is the plot of the relative position of the taggers as a function of time. The enlarged section indicates that the steel bar broke between the taggers depicted by the green and yellow lines.
2D DYNAMIC – Concrete Column Under Seismic Loading


Setup:
In this experiment, a grid was spray-painted onto the column (figure 6). The grid consists of vertical and horizontal lines spaced irregularly around the face of the circular column. A system of two cameras was used to record the events. The purpose of this study was to investigate the ability of the method to accurately trace the dynamic movement and rotation of the column as a function of time. A camera calibration was done (figure 7) to determine the resolution of the camera as a function of the distance between the camera and the column. This process is necessary to accurately translate between pixels measurements and real-world measurements.
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Figure 6 – Grid Setup



Figure 7 – Camera Calibration

Results:
The results shown below (figures 8-9) show the typical analysis result for a specific event. The results are divided into two runs due to a limitation in the number of images the frame grabber can pull off in one sequence. The sequences are then pieced back together using common peak locations. Because there was no instrumentation on the column in the area of the painted grid, the analysis results below are compared to a projected displacement and rotation of the column using the absolute displacement of the shaking table and data from the curvature instrumentation shown in Figure 6.
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Figure 8 – Displacement @ Grid Level vs. Time (Rinaldi 0.95g)
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Figure 9 – Rotation @ Grid Level vs. Time (Rinaldi 0.95g)
Post process analysis results to obtain useful data
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Record image data with a digital still/video camera





Is the raw image data in jpeg format?





Use a frame grabber to convert raw video feed to image data








