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Abstract

This paper is a paper format example. This paper presents a simple image-based measurement method to measure plane strain fields of specimen surface in earthquake engineering experiments. The method is cost-effective, easy to apply, and provides satisfactory measurement accuracy. This method integrates camera calibration, stereo triangulation, image metric rectification, and image template matching techniques. Applications of this method for a zero-strain test and an RC-wall experiment are presented in this paper. The zero-strain test results showed that the measurement accuracy achieves 0.04 pixels. That is, the relative displacement accuracy achieves 0.005mm and the strain accuracy achieves 0.001, in case of using eight-mega-pixel digital cameras, measurement region sized 16cm by 23cm, and a 31-by-51 measurement grid. In the application for the RC-wall experiment, concrete cracks with 0.02mm width can be found by examining measured displacement fields. Falling of surface concrete can be detected by examining the measurement results of this method. 
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摘要

本文為一個英文格式範例。僅供參考。本文介紹一個立體影像量測的方法，進行平面應變場的量測與裂縫觀測。本方法不需要採用專業工業級相機，只要一般市售的數位相機，利用先進的電腦視覺技術，本中心建立一套靜態平面應變量測與表面裂縫量測的方法，並包裝為ImPro Strain軟體。靜態實驗的攝影通常採用數位相機，解析度遠高於動態攝影機。為了發揮數位相機的高精度，ImPro Strain引進最先進的相機校正技術(camera calibration)、影像式三角定位技術(3D triangulation)，以及影像正面重製技術(metric rectification)。配合上述的DIC技術，量測試體的平面表面影像得以重製，降低相機幾合扭曲與光學扭曲誤差。利用網格式數位影像關聯技術分析重製的影像，即可以分析出試體表面的相對位移場(relative displacement fields)與平面應變場(plane strain fields)。在一系列的測試中顯示，此量測方法的量測精度可以到達0.04畫素。在一般反力牆實驗之應變量測精度可達0.001，測得寬度0.02mm的裂縫，在技術上已經達到可以部份地取代人力觀測的水準。
國科會計畫編號：NSC 99-2221-E-027 -042 -MY3　
1. Introduction
Image analysis offers an alternative way for strain measurement. By taking photos of structural specimens, the shapes and the surfaces of the specimens can be recorded in an image form. Their changes during the experiment can be recorded and analyzed as well. As the improvement of digital technology, digital cameras which are easily available on the consumer electronic market are now getting sufficient to carry out image-based measurement in earthquake engineering experiments. Considering the rapid developing digital technology, image-based measurement has good chance to become an important and cost-effective technique for experimental measurement and structural health monitoring. Many researches have adopted image analysis technique for material tests [1], strain field measurement of concrete slab tests [2], large and dynamic displacement measurement of shake table tests [3], large strain measurement of laminated rubber bearing tests [4], particle trajectories in flows [5], and many other applications. 

2. Stereo Image-based Measurement for Plane Strains and Cracks
The presented method assumes that the measurement region is a plane and remains a plane throughout the entire experiment. Based on the assumption, the measurement process is simplified and the measurement accuracy is improved. The proposed method is applicable to measurement of surface strain fields of walls, rectangular beams and columns, floors and ceilings. For a curved surface such as a cylinder column, the proposed method can be used but certain measurement error may be induced. 

3. Zero-Strain Test
A zero-strain test was conducted to estimate the accuracy of the proposed method. The zero-strain test measures the strain fields of a rigid plane board. The zero-strain rigid board with random speckle texture is used to measure its strain fields. The stereo camera calibration was conducted in the zero-strain test and the errors of calibration were presented in this section. 
In the zero-strain tests, three plane strain components, εXX, εYY and εXY, of the rigid board were measured. As the measurement region is a rigid board (which strains are known as zero), the measured strains represent the accuracy of the proposed measurement method. Figure 6 shows an example of a measured displacement field (UX) and a strain field (εXX). This example is one of the zero-strain tests, which measurement grid is 31x51 and the cell size is 40 pixels. That is, there are 31x51=1581 regular cells in the measurement region. Each cell is roughly a 40-pixels-by-40-pixels sub-image in the original photo.
Table 1 Image resolutions and tested optical resolutions

	Camera code name
	Image size

(Horizontoal x Vertical)
	Tested optical resolution
(Horizontoal x Vertical)

	N7
	3008 x 2000
	2644 x 1655

	N8
	3872 x 2592
	2782 x 2033

	C2
	3504 x 2336
	2615 x 1683 

	C3
	3456 x 2304
	2645 x 1820 


The zero-strain test results show that refinement of the measurement grid is one of the factors affecting the strain measurement accuracy. The strain measurement accuracy is better (smaller) in a coarser grid than in a more refined grid. It is similar to the fact that a large strain gauge has better accuracy than a smaller one [16]. Further information can be found in [18]. 
4. Experimental Results

Vertical cracks appeared on the north corner at step 4128 (while roof DR was +1%). As shown in Fig. 9(a), theεXX of most area of the north corner was close to zero, while two vertical lines of high strains at the right hand side were observed. Each high strain line represents a vertical crack. According to the measured displacement UX as shown in Fig. 9(b), the widths of the left and right cracks were about 0.2mm and 0.3mm, respectively. These vertical cracks were visible in the rectified image, as shown in Fig. 9(c), and were also apparently visible at site of the experiment.
	[image: image1.emf]
(a) εXX          (b) UX     (c) Rectified image

(εXX: blue: -0.005 red: 0.05)   (UX: blue:-0.8mm red:0mm)

	Fig. 9 Measurement at step 4539 (DR: 0%)


5. Conclusions

The measurement accuracy of the proposed method was carefully estimated by conducting a zero strain test. Relative displacement measurement accuracy can be within +/-0.04 pixels, resulting in a strain measurement accuracy of 0.001 while a 31-by-51 measurement grid with cell size of 40 pixels was used. In addition to the strain fields, surface cracks can be detected by examining the measured displacement and strain fields. Small concrete cracks with 0.02mm width can be found by examining the measurement results. Compared with commercial products, this method is cost effective and easy to use, and provides satisfactory accuracy for strain measurement and crack examination for earthquake engineering experiments. For those experiments which are dangerous for people to approach, this method is a safe way to monitor deformation, strain fields, and surface cracks. 
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