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ABSTRACT: We began to easily acquire images with non-metric digital cameras and use digital cameras for a variety of purposes in the field of photogrammetry that was carried out only with metric cameras. In other words, to take advantage of the non-metric camera for short range photogrammetry, internal orientation elements should be obtained and precise correction of distorted images should be performed through the camera calibration. In this study, we performed the calibration using smart cameras.
INTRODUCTION 
The rapid development of digital camera technology made it possible for non-metric digital camera sensors to reach tens of millions pixels. With this opportunity, we began to easily acquire images with non-metric digital cameras and use digital cameras for a variety of purposes in the field of photogrammetry that was carried out only with metric cameras. However, as the commonly used low-end digital cameras are not made for measurement, we need to know accurate inside orientation elements in order to perform three-dimensional measurement using them. To this end, we must go through camera calibration (Jaehong Oh, etc,. 2006). In other words, to take advantage of the non-metric camera for short range photogrammetry, internal orientation elements should be obtained and precise correction of distorted images should be performed through the camera calibration (Changno Lee etc., 2012). As such, various studies have been conducted on the calibration and accuracy verification of non-metric digital cameras (Jaeho Won etc., 2012) although conventional photogrammetry has mainly dealt with distortion correction for metric cameras. Jina Kang and others (2008) conducted a research on developing a correction model suitable for wide-angle lenses by applying distortion correction method used in photogrammetry to fisheye lens used in low-ends robots. Sungheuk  Jung and others (2009) suggested close-range air photogrammetry techniques using unmanned aircraft and digital cameras for effective frequent updates of three-dimensional information. They performed a research to study the accuracy and the reliability of the proposed method through local application. In addition, Myunghyun Yun and others(2014) recently conducted a research on verification and correction of smart phone cameras for short-range photogrammetry which analyzes the accuracy of smart phone camera images of proximate objects in the three-dimensional positioning and evaluates their feasibility. In this study, we performed the calibration using smart cameras.

METHODS
Two cameras were used in this study: Samsung Galaxy NX and Samsung Galaxy Camera(Table 1). The Galaxy Camera was equipped with a 1.4-GHz quad-core CPU, 1-GB internal RAM, and 8-GB internal memory, with 16-M pixels and a FL of 4.1–86.1 mm. The Smart Camera runs under Android 4.1.2. The Galaxy NX was 1.6-GHz quad-core CPU, and 16-GB internal RAM, with 20.3M pixel of images and the Android 4.2 mobile operating system. 
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Figure 1. Samsung Galaxy NX and Samsung Galaxy Camera
Table 1. Camera specifications
	
	Galaxy Camera
	Galaxy NX

	Camera type
	EK-KC120S
	EK-GN120

	Manufacturer
	Samsung SEC
	Samsung SEC

	CPU type 
	Quad core 1.4 GHz
	Quad core 1.6GHz

	OS type
	Android 4.1.2
	Android 4.2

	GPS type
	GPS, GLONASS
	GPS, GLONASS

	Memory
	In(8Gb), Out(64Gb)
	In(16Gb), Out(64Gb)

	Sensor type
	BSI-CMOS
	APS-C CMOS

	Sensor size
	1/2.3"
	1/2.3"

	CMOS Width, Height (mm)
	6.45, 4.83
	23.5, 15.7

	Image Width, Height (pixel)
	4608, 3456
	5472, 3648

	Focal Length by Company (mm)
	4.1 ~ 86.1
	18mm (Bundle Lens)

	Output format
	JPEG                                                  JPEG, SRW


Source: http://www.samsung.com/sec/

Camera Calibration
Camera calibration was used to determine the Interior orientation (IO) parameters (e.g., FL, PP location, radian and tangential lens distortion) and exterior orientation (EO) parameters (wolf, 2000; Ricolfe-Viala, 2011). The Smart Camera may produce incorrect image coordinates, due to lens distortion caused by the non-metric camera (Goshtasby, 1989); this is the main reason for 3-D positioning problems and shape distortion during orthorectification. Therefore non-metric Smart Camera and Smartphone Camera in this study are calibrated and validated before image capture.

Camera calibration and the Interior orientation parameters were calculated using the PhotoModeler software. Calibration was accomplished using two methods based on the calibration target sheet. STS calibration uses a 1 × 1-m target sheet with a known pattern, produced specifically for calibration purposes (Figure 2a). MTS calibration is a method that uses several sheets having ringed automatically detected (RAD) coded targets (Figure 2b).

Taking into account the focal length and charged-coupled device size/resolution of the camera, 16 A3-size sheets of RAD-coded targets were obtained (inner target diameter: 12.6 m1; height: 1.8 m; width: 1.8 m). For MTS and STS, a total of 16 sheets of images were acquired by each method, with the 16 sheets corresponding to the horizontal and vertical directions, from eight different camera directions
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RESULTS

Depending on Sheet Type For both Galaxy Camera, the FL was similar (or slightly longer) for each calibration method; The x and y values of the PP coordinates, denoted PPx and PPy respectively, were similar for Sheet Type; However,  for Galaxy NX depending on the Distortion Mode  were larger than the PPx, PPy values. The RMSE of image coordinates for Galaxy Camera Multi Sheet Type was Lager 0.05 pixels then Single Sheet Type. Depending on Distortion mode for Galaxy NX the RMSE of image coordinates is larger than 0.3 pixels and varies based on Distortion On/Off.
	Table 2. Internal orientation elements
　
	Galaxy Camera
	Galaxy NX (DSLR)

	Option
	M-Sheet
	S-Sheet
	On
	Off

	F.L. (mm)
	4.462
	4.461
	18.697
	19.402421

	P.P.x (mm)
	0.041 
	0.039
	0.235
	0.093

	P.P.y (mm)
	0.042 
	0.047
	0.034 
	0.012

	Pixel size (μm)
	1.32
	1.32
	4.26
	4.26

	Radial
Distortion
	K1
	4.78e-03
	4.87E-04
	4.37e-04
	-1.04e-005

	
	K2
	-1.30e-03
	-1.22E-05
	-9.46e-07
	1.34e-007

	
	K3
	0.00e+00
	0.000E+00
	0.00e+00
	0.00e+000

	Tangential
Distortion
	P1
	3.36e-04
	5.66E-04
	7.3e-06
	-1.08e-005

	
	P2
	1.10e-03
	-5.31E-04
	-6.06e-05
	1.44e-005

	RMSE
	
	0.58
	0.62
	0.31
	0.63


The distortion at the center of the lens is not calibration-method dependent, whereas marked differences were evident around the edge of the image (Figure 3). The radial distortion for Galaxy NX(Dis-OFF) shows a maximum value at the edge, with an increase in monotone. 

Depending on the calibration target sheet, the radial distortion differences increased with distance from the perspective center to a maximum of 1.172 μm at the edge of the image. The differences in radial distortion for different calibration target sheets showed similar trends. The difference in the radial distortion, depending on the Distortion mode showed a maximum of 50 μm at the edge. 
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(a)                                                                                   (b)
Figure 3. Comparison of the radial distortion curve
CONCLUSIONS

The FL and PPx and PPy coordinates were compared to the research results for the non-metric camera calibrations (Table 2). The FL was divided into nominal FL (specified by the manufacturer) and calibrated FL (determined from camera calibration). Nominal FL and calibrated FL vary depending on the distance between the target and the camera lens. The study by reference Fraser(2012) showed 0.02 mm of difference in the static and kinematic FLs for non-metric cameras. The PPx and PPy values were 1.5- to 2-times larger, and the RMSE of the image coordinates was 0.02 pixels smaller in the static environment, compared with kinematic environments. The RMSE of the image coordinates of reference Sužiedelytė-Visockienė(2012) was 0.43 pixels, indicating a similar value to the Smart Camera in this study. 
Table 3. Comparison with the results of other recent research about non-metric Camera
	Researcher
	Camera
	Image format
	Pixel size
	Image coordinate 

	
	
	
	
	RMS-x
	RMS-y

	This Study
	Galaxy Camera
	4608 x 3456 
	1.32 ㎛
	0.52
	0.67

	
	Galaxy Nx (Bundle)
	5472 x 3648 
	4.26 ㎛
	0.32
	0.35

	Akca et al. (2009)
	Sony Ericsson K750ia
	1632 × 1224
	2.8 ㎛
	0.43
	0.32

	
	Nokia N93a
	2048 × 1536
	2.2 ㎛
	0.36
	0.32

	
	Sony DSC W100a
	3264 × 2448
	2.2 ㎛
	0.41
	0.36

	
	Sony DSC F828a
	3264 × 2448
	2.7 ㎛
	0.15
	0.11

	Lagüela et al. (2011)
	Jai BM 500 GEb
	2456 × 2058
	3.4 ㎛
	0.88
	0.88

	
	Flir P640c
	640 × 480
	7.5 ㎛
	4.67
	4.35

	
	NEC TH9260c
	640 × 480
	8.0 ㎛
	7.63
	6.88


The IO parameter, FL, as well as the radial distortion coefficients showed more precise values by MTS calibration than by STS calibration for galaxy Camera. Coordinate movement for PP in Distortion Off mode was larger than that for Distortion On mode for galaxy NX. The larger movement of the perspective center was attributed to variation in the PP value resulting from lens tube movement of the motorized zoom digital camera model.
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Figure 2. Calibration sheet: (a) STS(Single target sheet) and (b) MTS(Multi target sheet)
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Figure 1. Calibration sheet: (a) STS(Single target sheet) and (b) MTS(Multi target sheet)
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Figure 1. Calibration sheet: (a) STS(Single target sheet) and (b) MTS(Multi target sheet)








