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Abstract: This paper presents an experimental technique for measuring displacement distribution from an image of repeated 

patterns and JPEG compressed images. The measurement accuracy of the developed method is insusceptible to the degree of 

JPEG compression because only lower spatial frequency components of the repeated pattern are used to calculate the 

displacement distribution, and high spatial frequency components have high priority to cut-off according to the JPEG 

compression algorithm. The insensitivity to the JPEG compression was confirmed by a displacement measurement using JPEG 

images of various compression ratios or image qualities. We found that by using the highest quality JPEG image, the accuracy of 

displacement measurement could research 1/1000 of the repeated pattern pitch, as same the uncompressed BMP images. In 

addition, displacement with accuracy of 1/500 pitch could be measured from a compressed JPEG image of which the file size was 

1/50 of that of the BMP image. This technique is useful for measurement using a high-speed camera with high-resolution digital 

images for a long-term or wireless image transfer. 
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1. Introduction 

Displacement distribution gives useful information to 

understand the deformation behavior in materials science and 

to ensure health monitoring of infrastructures such as bridges 

and buildings. Both mechanical contact displacement sensor 

and noncontact laser Doppler vibrometer (LDV) [1] have 

widely used in displacement measurement. These 

instruments, however, are basically point measurement 

systems and are quite costly for distribution analysis. 

Compared with point measurement method, image-based 

measurement using a digital camera attracts a lot of attention 

because its simple setup, low cost, high accuracy and 

full-field measurement [2, 3]. The image-based methods can 

be classified in terms of the patterns of the target marker. 

Digital image correlation (DIC) [4-6], as well known, uses 

random patterns in a subset region to determine the 

displacement distribution by using the images before and 

after deformations. On the other hand, various moiré methods 

[7-9] use regular and periodical patterns as the marker to 

measure displacement, strain and residual stress. 

We recently developed a fast, simple, and accurate 

small-displacement distribution measurement technique [10] 

using arbitrary repeated patterns based on the sampling moiré 

method [11]. By analyzing digital images of a regular 

repeated patterns with known pitch on the materials or 

structures, we can obtain in-plane displacement distribution 

across the target [12, 13]. To improve the measurement 

accuracy for arbitrary repeated patterns, in this method, we 

use not only the first frequency component, but also use the 

multiple low frequency components of the moiré fringes. 

To perform accurate displacement distribution 

measurement, generally, RAW or bitmap (BMP) images of 

lossless compression are used in most image-based 

measurement methods. Recent digital cameras feature high 

resolution and fast recording. For example, using the Nikon 

digital single-lens reflex (DSLR) camera D800/D800E, we 

can capture a high-resolution image with 7360 by 4912 

pixels in speed of 4 frames per second. This means if the 

image format is chose as RAW (lossless compression; 14-bit 

record), the size of each image is 41.3 MB. In case that we 

capture continually for 10 seconds, the image size is bigger 

than 1 GB. On the other hand, if the image format is chosen 
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as the JPEG (basic quality) compressed format, the image 

size can be reduced to 4 MB, i.e., 10 times smaller compared 

with the RAW image. By the way, image compression is 

achieved by removing the high spatial frequency components 

in the JPEG algorithm [14]. Therefore, we consider that our 

developed image-based method is insusceptible to the 

influence of JPEG compression because only low spatial 

frequency components are used. 

In this study, an experimental technique for measuring 

displacement distribution is proposed, by using a 

combination of repeated patterns and JPEG compressed 

images. The effectiveness is confirmed by a displacement 

measurement experiment by using JPEG images for various 

qualities. This technique could be useful for measurement 

using a high-speed camera with high-resolution digital 

images for a long-term experiment to analyze a great number 

of images. 

2. Principle 

2.1. Displacement Measurement Using Repeated Patterns 

The principle of displacement distribution measurement by 

using repeated patterns is presented in Fig. 1. By capturing an 

image of a periodic pattern with a pitch of P in the image plane, 

the intensity of the pattern with an initial phase 
0

ϕ  can be 

presented in Eq. (1), as shown in Fig. 1(a). 
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where 
a

I  and 
b

I  present the amplitudes of the grating 

intensity with w-order frequency, and the background intensity, 

respectively. After performing down-sampling and 

intensity-interpolation, the multiple phase-shifted moiré 

fringe patterns can be obtained, as shown in Fig. 1(b), as 

expressed 

  

 

Figure 1. Displacement measurement by using a repeated pattern: (a) the 

arbitrary repeated pattern, (b) moiré fringe obtained by the image 

processing of down-sampling and intensity interpolation, and (c) Fourier 

spectrum of the moiré fringe. 

       (2) 

The phase distribution of the moiré fringe and the amplitude with frequency w can be calculated by phase-shifting methods 

using discrete the Fourier transform (DFT) algorithm, as presented in Eq. (3) and Eq. (4), respectively. 
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The in-plane displacement distribution can be measured 

from the phase difference of the moiré fringe with a w-order 

frequency before and after deformations as 
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As shown in Fig. 1(c), the final displacement distribution, 

by considering multiple low spatial frequency components in 

the Fourier spectrum, can be obtained as follows 
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In our method, not only first frequency component but also 

multiple low spatial frequencies are used simultaneously to 

determine the in-plane displacement distribution. Therefore, 
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this method allows accurate measurement using arbitrary 

repeated patterns on the structure surface. In the case of w = 1, 

it corresponds to the sampling moiré method [11]. 

2.2. Outline and Algorithm of JPEG Compression 

As well known, the JPEG compression algorithm [14] is 

one of the digital image compression standards designed for 

compressing either full-color or gray images. In the JPEG 

algorithm, the digital image is compressed by discarding the 

high frequency components in the image because the low 

frequency components are more sensitive to human eye. JPEG 

compression is achieved in a series of steps, as shown in Fig. 

2. 

 

Figure 2. Image compression procedure by the JPEG algorithm. 

Step-1) A RAW color or gray image with lossless 

compression is captured or loaded. In this study, we mainly 

focus on the gray image. 

Step-2) The pixels of the whole image are grouped into 

blocks of 8 by 8 pixels for the RAW image. 

Step-3) A discrete cosine transform (DCT) is applied to 

each block. The transform generates 1 DC (background) and 

63 AC (amplitude) components of each spatial frequency. 

Then, each of the 64 DCT components is quantized in 

conjunction with a quantization table. This is done in such a 

way that high spatial-frequency components are quantized 

with higher quantization coefficients than the lower one. 

Step-4) After quantization, the results are rounded to an 

integer. As a consequence, these AC components almost 

become zero according to a thresholding value by choosing a 

compression ratio (i.e., image quality). This causes 

irretrievably lost of original detailed information. 

Step-5) The 64 quantized frequency components are 

encoded by using a combination of the run length encoding 

and the Huffman coding. 

Step-6) Finally, a compressed JPEG image with small size 

is generated and saved. The image size depends on the image 

quality factor (IQF). 

 

Figure 3. Comparison of (a) a general photograph and (b) a cosinusoidal 

grating under different image compression ratio or image quality factor. 
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Figure 3 shows the compression results for a photograph of 

“Lena” and a repeated pattern of “cosinusoidal grating” with 

256 by 256 pixels by using JPEG compression with different 

IQFs. In the JPEG image of “Lena”, the block noise of 8 by 8 

pixels becomes conspicuous with the decreasing IQF, as 

shown in the enlarged part (the image size is 32 by 32 pixels) 

in Fig. 3(a). On the other hand, such a block noise is hardly 

observed in the JPEG image of “cosinusoidal grating” with a 

low IQF, as shown in Fig. 3(b). The reason is that the 

cosinusoidal grating has only low spatial frequency 

component and high spatial frequency components have high 

priority to cut-off according to the JPEG compression 

algorithm. 

2.3. Combination of Repeated Patterns and JPEG 

Compressed Images 

From the results of Fig. 3, we found that our method as 

mentioned in Sec. 2.1 can be considered that the measurement 

accuracy is insusceptible to JPEG compression. In addition, 

the high frequency components due to camera noise can be cut 

off in the process of image compression. That is to say the 

combination of our displacement measurement method using 

repeated patterns and JPEG compressed images acts well for 

accurate displacement distribution measurement. 

3. Experiment 

3.1. Experimental Setup 

Here, a simple displacement experiment was performed to 

investigate the relationships between displacement accuracy, 

the JPEG IQF, and the file size. 

Figure 4 shows the experimental setup. A charge couple 

device (CCD) camera (The Imaging Source, DMK 41BF02.H; 

Germany) with 1280 vertical pixels and 960 horizontal pixels 

was used to capture the images. A flat plate with 10 mm 

repeated pitch of a rectangular, two alphanumeric characters, 

and a Chinese character was fixed on a linear moving stage 

(Suruga Seiki, KX1250C-R; 1 m resolution; Japan) . These 

patterns were moved in the horizontal direction from 0 mm to 

1.0 mm by 0.02 mm steps, and a single image without 

compression was captured and saved at each position. The 

distance between the CCD and the repeated pattern was 1.35 

m, and the focus length of the camera lens was 12 mm. In this 

case, one pitch of each pattern corresponded to approximately 

20 pixels in the captured image. Therefore, the 

down-sampling pitch was set to be 20 pixels in the 

displacement analysis, and a linear intensity interpolation was 

performed. 

In the evaluation of measurement accuracy, the captured 

BMP images were converted to JPEG images with various 

compression ratio from IQF = 100 (good quality) to IQF = 10 

(poor quality). For the rectangular pattern, the first frequency 

component was only used to analyze the displacement 

distribution; for the other repeated patterns including an 

alphanumeric characters and a Chinese character, the multiple 

frequency components from the first- to the fifth-order were 

used to analyze the displacement distribution in the analysis. 

The high frequency components having amplitude less than 3% 

of that of the first frequency are not used in order to consider the 

random noise in an actual experiment, because random noise 

easily appears in high frequency with a low amplitude. The root 

mean square (RMS) error of 60 by 40 pixels in the central 

evaluation area at each position was evaluated. 

 

Figure 4. Experimental setup. A digital CCD camera and a repeated pattern 

with a pitch of 10 mm were used to investigate the displacement measurement 

accuracy for various image quality factor of JPEG. 

3.2. Experimental Results and Discussion 

Figure 5 shows the analyzed results of the displacement 

measurement RMS errors for three different repeated patterns 

using BMP and various JPEG IQFs. Here, only the results of 

JPEG IQF = 100, 50, and 20 show the effect of compression. 

For the rectangular pattern, as shown in Fig. 5(a), RMS error 

was approximately 0.1 mm in JPEG image quality factor 

from IQF=50 to IQF=100. In case of IQF=20, RMS error 

was approximately ranging from 0.01 mm to 0.02 mm. 

Figures 5(b) and 5(c) show the analyzed results of the 

displacement measurement RMS errors using the 

alphabetical character “A” and the Chinese character “林”, 

respectively. It is noteworthy in both cases that the JPEG 

image with IQF of 100 shows better accuracy than that of the 

BMP format image. These interesting results are attributable 

to the compression algorithm of the JPEG image. In the 

JPEG compression, the low frequency components 

containing useful information in the displacement 

measurement analysis remain. On the other hand, high spatial 

frequency components which correspond to image noise are 

eliminated by the JPEG compression. It is implied that high 

accurate displacement measurement can be performed with a 

small image size by using the JPEG algorithm with a proper 

IQF. 

In the range of JPEG IQF=90 to IQF=10, the RMS error 

increases with the decreasing JPEG IQF, as shown in Figs. 

5(b) and 5(c). The relationship between the JPEG image 

quality from 10 to 100 and the image file size for the 

repeated pattern of “林” is shown in Fig. 6(a). In the case of 

IQF=90, the image file size can be reduced by 10 times. In 

case of IQF=50, the image file size can be reduced to 30 

times compared with the BMP format. 
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Figure 6. Relationships between the JPEG image quality, the file size and 

the RMS error of displacement measurement in the case of the repeated 

pattern of “林”: (a) JPEG image quality vs. file size, (b) JPEG image 

quality vs. RMS displacement error. 

Figure 6(b) shows the relationship between the JPEG 

image quality and the RMS displacement error. Clearly, 

JPEG IQF=10 cannot be analyzed accurately because the 

RMS error dramatically increases. As well known, the image 

quality should not be lower than IQF=20 for most 

photograph applications. In the case of IQF=20, the 

measurement accuracy is 0.05 mm, and it corresponds to 

1/200 pitch of the repeated pattern. For accurate 

measurement, a IQF higher than 50 should be chosen. 

Experimental results demonstrate that image compression 

with a proper IQF is useful to the sampling moiré method for 

measuring the accurate in-plane displacement distribution. 

4. Conclusions 

This paper presented an accurate displacement distribution 

measurement technique by using repeated patterns and JPEG 

compressed images with small image sizes. The measurement 

accuracy was quantitatively investigated by a displacement 

measurement experiment by comparing lossless compression 

BMP images and JPEG compressed images with various 

image qualities. 

Experimental results indicated that a 1/1000 pitch 

displacement could be accurately detected using a JPEG 

image in the case of the highest image quality (IQF=100). For 

the rectangular pattern, using JPEG IQF=20, an accuracy of 

1/500 pitch can be analyzed and the image file size is 50 times 

smaller than the BMP format. Therefore, this method could be 

useful for the purpose of measurement using a high-speed 

camera with high-resolution digital images for a long-term 

recording to reduce the extremely large image size. 
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