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ABSTRACT 
Most commercial cameras have a number of factory distortions, 

the which must be calibrated. Camera calibration consists of 

calculating the internal parameters of the camera focal length, 

position of the principal points, pixel skew and distortion 

coefficients) and is usually Carried out by computer applications 

that establish geometric relationships between objects and 

projections calibration in CCD cameras. Radial distortion can 

cause the position at a point in the photo to change from the 

actual location, so that the spatial and geometric quality is 

reduced. To get accurate spatial information from a photo taken 

by the camera, each type of correction must be given, one of the 

which is camera calibration. Camera calibration is a process to 

Determine the inner orientation elements and lens distortion of 

an object. In this research, it is an IP VISION LS / LS-

MB2200C camera with a resolution of 1280 x 720. The 

calibration method used is Self Calibration from Matlab. 
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1. INTRODUCTION 

The development of remote sensing and geographic 

information system (GIS) which very rapidly at this point 

[1]. SIG is very helpful for application in various fields 

such as mapping, navigation, planning, etc. One of them 

is the development of sensors (camera, scanner, up to 

hiperspectral). 

In the process of capturing images, the camera lens will 

inevitably result in an error. Therefore it is necessary for 

calibrating the camera to be able to determine the 

magnitude of the deviations that occur. Calibration is an 

activity to make sure the relationship between the prices 

indicated by a measuring instrument with the actual price 

of the quantity being measured. Camera calibration 

performed to determine the parameters of distortion, 

including radial distortion and tangential distortion and 

other lens parameters, including the principal distance (c), 

as well as the center point fidusial photos. Lens distortion 

can cause a shift of the point on the photo of the actual 

position, thus providing the measurement accuracy is not 

good, but does not affect the quality of the resulting 

image sharpness. Internal parameters camera covers the 

length of focus equivalents (long focus effectively near 

the center of the lens), the long focus calibrated, lens 

distortion (radial and tangential), the location is the main 

point of an image, the distance between the two fidusial 

opposite, the angle of intersection of the lines fidusial and 

flatness of field focal. Internal parameter is then used as 

input orientation in [2]. 

Research on techniques and calibration methods have 

been carried out by previous researchers. According to 

Lenz and Tsai [3], there are two techniques that use a 

scale factor calibration and image center. Perpendicular 

scale factor is used to capture the image from the camera 

is then transformed into a matrix. Calibration using the 

image center is to take a straight line to the fall of light for 

the midpoint of the object taken. Meanwhile, according to 

Zhang [4], there are two photogrammetric calibration 

techniques ie calibration and self-calibration. 

Photogrammetric calibration techniques is to perform 

tests on the object to be calibrated. While the self-

calibration is carried out without making a test calibration 

of the object, but calibration is done by processing the 

data obtained from the camera to get the optimal object. 

Detailed reviews of some of the techniques most widely 

used calibration can be found at[5], In the developed 

system, the internal camera parameters measured in the 

laboratory using open source computer applications 

Camera Calibration Toolbox of MATLAB which was 

developed by Vision Caltech[6], In which the object 

image recorded in the laboratory calibration of multiple 

orientations and positions of the camera. 

Image distortion caused by the camera optics corrected 

using MATLAB sub-models are developed based on a 

distortion of Heikkila and Silven [7] which takes into 

account both for the tangential and radial distortion 

components.  

In this study the picture was taken using the camera's IP 

VISION LS-LS-MB2200C and Hikvision DS-2CD2020F. 
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2. METHODOLOGY 

2.1 Camera 

In photogrammetric cameras are one of the most 

important instrument, because the camera is used to 

record images as objects in photogrammetry. Therefore, 

images that have high geometric accuracy is obtained 

from a careful camera anyway. In photogrammetry 

cameras are classified into two general categories, namely: 

A. Metric Camera 

Metric camera is a camera designed specifically for photo 

grametrik. metric cameras made stable and calibrated 

before use. 

B. Non Metric Camera 

Non-metric cameras are cameras designed for 

professional and amateur photo, where quality recordings 

results take precedence over the quality of its geometry. 

2.2 Lens Camera 

The camera lens is the most important and most 

expensive in the aerial photo. The main function of the 

lens is to collect light beam from around the dots that 

make up an object and collect them in the direction of 

hotspots (f) which is located at a certain distance on the 

other side behind the lens to form an overall picture of the 

object. The nature of these lenses follow the principle of 

light refraction according to Snell's law. Under this law, if 

there is a beam of light across a surface that is between 

two mediums having different refractive index values, 

then the beam will be warped or refracted. If the light 

comes from loose to medium dense medium, the beam 

will be warped approaching the normal line, otherwise if 

the light comes from medium to medium meeting tenuous, 

then the beam would have been turned away from the 

normal line. 

2.2.1 Lens Focal Plane 

The focal plane of the lens is a field where the entire 

beam of light coming through the lens is focused. In aerial 

photographs, the object distance is relatively larger than 

the distance of the shadow, therefore the focus is set to 

infinity object distance. This can be achieved by putting 

the focal plane as accurately as possible at a distance of a 

focal length behind the rear nodal point of the camera lens. 

The short length of a lens focal distance of an impact on 

the field range (cruising area for objects that can be 

accepted by the lens without causing significant setback 

for clarity grades shadow) the shorter the focal distance of 

a lens, the greater the range of field and vice versa. 

 

2.2.2 Any divergence Shadow 

Non-metric camera has a design and arrangement of the 

lens is not perfect. Lens imperfections in non-metric 

cameras cause deviations in the images produced are: 

reduced sharpness of the image (aberration) and a reduced 

quality of geometric (lens distortion). 

2.3 Aberration 

Lens aberrations cause a reduction in the quality of air 

generated sharpness of the image. Scratches and dirt on 

the lens does not cause aberrations, deviations occur 

because of the imperfection of the design of the lens used. 

There are four main symptoms of the most aberration and 

is known as chromatic aberrations, namely: 

A. Spherical Aberration 

Spherical aberration occurs due to imperfect polishing 

surface of the lens, so that the curvature of the lens is not 

perfect. Consequently rays coming through the lens (near 

the edge of the lens) will be refracted closer to the lens, 

and vice versa rays coming through the lens (the center of 

the lens) will be refracted away from the lens 

B. Coma 

In the coma aberration incident light entering through the 

lens with the same distance to the lens is not focused on a 

single point. So that the image formed by a circle into an 

ellipse shaped object. 

C. Astigmatism 

Astigmatism is a condition where the incident light 

perpendicular to the object are not refracted through the 

same point. The image formed as a result of this 

aberration is not clear in the field of the same image. 

Image depicting point on an object with the same long 

distance but the line beam forming different angles to the 

optic axis will not form a clear image. Astigmatism can 

be reduced effect by combining objects composed of 

elements that collects and disseminates rays. 

D. chromatic aberration 

Chromatic aberration occurs because of differences in 

refraction of the characteristics of different colors. Blue 

light is refracted more than red light so that the light is not 

refracted at the same point 

2.4 Distortion 

Imperfections in the lens design and arrangement of non-

metric camera in addition to causing the distortion of the 

lens. Lens distortion does not reduce the quality of 

sharpness of the image but reduce the geometric quality 
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of the images produced. This causes the position of the 

points contained in the photo was changed from the 

position they should, so positioning on the photo becomes 

inaccurate or has errors. The amount of lens distortion 

effects can be reduced by calibrating the camera. Lens 

distortion is divided into two types: 

A. Radial Distortion 

Radial distortion is linear shift points to a photo in the 

radial direction of the main points of the ideal position. 

Radial distortion causes the position of the image 

becomes distorted along radial lines from the main point. 

B. Tangential Distortion 

Non-metric camera lens is a combination of several lenses 

having different focal points. The occurrence of errors in 

the set point on the combined lens lens center (sentering) 

causes tangential distortion decenteric also called 

distortion. 

The image distortion caused by the camera optics 

corrected using MATLAB sub-models are developed 

based on a distortion of Heikkila and Silven [7 3] which 

takes into account both for the tangential and radial 

distortion components. This model can be described in 

terms of matrix as: 

    (1) 

Where, 

  (2) 

where xp and yp represents the coordinates of a point in 

the coordinate system is distorted (metric), FCX and fcy 

focal length (in the direction of x and y, respectively), ccx 

and CCY center of the image (the main point) and alpha0 

coefficient of skewness defines the angle between the axis 

x and y pixel. Xd vector associated with the normal point 

with radial and tangential distortion. 

 

(3)

 

where r is the radial distance to the center of the image of 

the point defined by the vector xn [x: y], which contains 

the coordinates of the points are not distorted. Finally dx 

vector associated with the tangential distortion: 

 (4) 

Tangential component, which is associated with 

decentering or concentration imperfect lens components, 

characterized by elements kc (3) and kc (4) of the vector 

distortion kc, while the radial component associated with 

the elements kc (1), kc ( 2) and kc (5). 

2.5 Calibration Camera 

Photogrammetric camera does not have a perfect lens, so 

that the recording process is carried out will have an error. 

Therefore it is necessary for calibrating the camera to be 

able to determine the magnitude of deviations that occur. 

Calibration is an activity to make sure the relationship 

between the prices indicated by a measuring instrument 

with the actual price of the quantity being measured. 

Camera calibration performed to determine the 

parameters of distortion, including radial distortion and 

tangential distortion and other lens parameters, including 

the length of the main point (c), as well as the center point 

fidusial photos. The model calibration consists of the 

elements of interior orientation (xo, yo, c), lens distortion 

coefficients (K1, K2, K3, P1, and P2). Lens distortion can 

cause a shift of the point on the photo of the actual 

position,Camera calibration performed to determine the 

amount of distortion in the lenses. Camera calibration can 

be done by several methods, namely [10,11]: 
 

1. calibration Laboratory 

Calibration is performed in the laboratory and 

separated by shooting an object. This method is 

suitable for camera calibration metrics. This 

method is divided into two types, namely optical 

laboratory calibration and calibration test range. 

2. In field calibration 

The calibration method in field calibration 

using the target and the camera calibration 

parameters are calculated using bundle 

adjustment principle, plumb line, or Direct 

Linear Transform (DLT) 

3. Self-calibration 

Calibration at the time of shooting is known 

as self-calibration, which calibrates the camera 

once the very object and the data is taken 

together with the observation data. 

Camera calibration performed in this study using 

calibration Laboratory. At the Laboratory calibration 

carried out in laboratories and separate to the shooting 

object. This method is suitable for camera calibration 

metrics. 

2.6 Calibration Parameters 

In the process of camera calibration parameters required 

to support the calibration process that is intrinsic and 

extrinsic parameters. 

2.6.1. Intrinsic Parameters 

Intrinsic parameters are parameters representing the 

characteristics of the camera and the relationship between 

the pixel coordinates in the image coordinate system to 

the camera coordinate system. Tersebuat parameters 

include: Focal lengh (f), states the distance between the 
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center point of the camera with the image field; central 

point (Uo, Vo), stating the location of the center point 

coordinates of the image in pixels. 

2.6.2 Extrinsic Parameters 

The camera used is a kind of pinhole. As has been 

explained previously that extrinsic parameter is a 

parameter that describes the space correspondence 

between the world coordinate system to the camera 

coordinate system. Contact space is a tenuous relationship 

patterns or not there is a close attachment between two 

models of space. These parameters include a rotation 

matrix and translation vector. 

2.7 Data and Tools 

2.7.1 Data 

The data used in this study only between the other: 

A. Photo of a chessboard pattern that takes the camera. 

B. Data specifications of the camera. 

2.7.2 Equipment 

The equipment used in this study are divided into groups 

of hardware (hardware) and software (Software is), 

namely: 
 

1. The hardware 

A. IP camera VISION LS / LS-MB2200C and Hikvision / 

DS-2CD2020F 

 2. Software 

A. Matlab Application 2017 

B.Matlab software that comes 
 

 "Camera Calibrator"  

Table : Specifications LS Vision IP Camera, 

Brand / Type VISION LS / LS-MB2200C 

frame rate 25 fps 

Resolution 1280 x 720 

video 

compression 
H.264 

The bit rate 

video 
128 Kbps - 8 Mbps 

 

 

 

 

Table 2: Specifications IP Cameras Hikvision 

Brand / Type Hikvision / DS-2CD2020F 

frame rate 25 fps 

Resolution 1920 x 1080 

video 

compression 
H.264 

The bit rate 

video 
32 Kbps - 8 Mbps 

The research instrument used in this study is in the form 

of a camera 2 IP Cameras namely: IP Vision LS type LS-

MB2200C with the technical specifications shown in 

Table 1 and type Hikvision DS-2CD2020F with the 

technical specifications shown in Table 2. 

2.8 Chessboard Pattern 

 

Fig. 2. chessboard pattern 

Figure 2 is a chessboard image that will be used. The 

purpose of using a chessboard pattern in order to corner 

the pitch form of bent edges can be detected as a regular 

Yeng point in the image coordinates. 
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3. RESULTS AND ANALYSIS 

 
Fig. 1. Flow Calibration System Camera 

 The first step to be taken before calibrating the 

camera is taking multiple images of the chessboard 

pattern with a camera, in the experiment were 

taken 15 pictures. 

 Then insert the picture into Camera Calibrator 

application of matlab. 

 Then perform edge detection process on the 

chessboard pattern of the image that has been 

projected. By knowing the location of the points in 

the world coordinate pixel coordinate and then has 

a matrix that connects the two. The matrix is called 

an intrinsic matrix 

 

3.1 Camera Calibration LSVision 
 

 
 

Fig. 3. The process of shooting  

In figure 3 is the process of shooting chessboard pattern. 

Where the calibration results are shown in Table 3. 

Table 3: Hacyl Internal Calibration Of The Camera. 

Parameter Value 

Focal length 
(pixels) 

+/- +/- 21.5265 1696.9945 
1682.2136 20.4309 

Principal points 
(pixels) 

+/- +/- 9.3615 -23.7635 
575.2413 24.4287 

Skew +/- 12.9058 -249.5278 

radial distortion +/- +/- 0.0286 -0.9036 -0.1633 
0.1218 

tangential 
distortion 

+/- +/- 0.0487 0.0076 0.0900 
0.0033 

 
Fig. 4. The projection of internal calibration chessboard 

 
Fig. 5. Average Error in the picture 

In Figure 4 displays the projection of the camera kelibrasi 

process and in Figure 5 shows the average error that 

occurs in each picture. 
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Fig. 6. External Calibration Results 

Results of Calibration using LsVision get the value of the 

focal length is equal to 20.2147 1939.6484 1660.1818 +/- 

+/- 23.1439. This is the focal length of the camera used 

while shooting. From the results of the calibration may 

also in radial and tangential value. The value of degrees 

Skew: [+/- 12.9058 -249.5278], the value of Radial 

Distortion: [-0.1633 0.0286 -0.9036 +/- +/- 0.1218] and 

the value of tangential distortion: 0.0487 +/- 0.0076 

0.0900 +/- 0.0033]. 

3.2 Camera Calibration Hikvision 

 
 

Fig. 7. The process of shooting  

In figure 7 is the process of shooting chessboard pattern. 

in this study will perform the calibration process using the 

Matlab R2017a using Calibration Toolbox, where the 

pictures used were 15 photos. Where the calibration 

results are shown in Table 3. 

 

 

Table 4: Hacyl internal calibration of the camera. 

Parameter Value 

Focal length 
(pixels) 

[+/- 2.6452 1453.1229 
1450.0811 +/- 2.5560] 

Principal points 
(pixels) 

[+/- 2.6886 533.3534 978.2057 
+/- 2.1334] 

Skew [2.6849 +/- 0.5200] 

radial distortion [-0.3809 0.0038 0.1718 +/- 
0.0046 +/-] 

tangential 
distortion 

[+/- 0.0010 +/- 0.0003 -0.0002 
0.0006] 

 

Fig. 8. The projection of internal calibration chessboard 

 

Fig. 9. The average error in the image 

In the figure 8 shows the projection of the camera 

kelibrasi process and in Figure 9 shows the average error 

that occurs in each picture. 
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Fig. 10. External Calibration Results 

 

Results of Calibration using Hikvision get the value of the 

focal length is equal to +/- 2.6452 1453.1229 1450.0811 

+/- 2.5560. This is the focal length of the camera used 

while shooting. From the results of the calibration may 

also in radial and tangential value. The value of degrees 

Skew: [2.6849] ± [0.5200], the value of Radial Distortion: 

[-0.3809 0.0038 0.1718 +/- 0.0046 +/-] and tangential 

distortion values: [0.0010 +/- 0.0006 +/- 0.0003 -0.0002]. 

 

 

 
(A) 

 
(B) 

 
(C) 

Fig. 11. The calibration of the camera, (a) original image, (b) 
Results Lsvision and (c) Results Hikvision 

In figure 11 is a comparison of before and after the image 
through the camera calibration process. From the results of 
the calibration of the two cameras Hikvision cameras have 
more distortion. 

4. CONCLUSION 

Based on the results of the analysis that has been done so 

a number of conclusions including: Each camera has a 

different distortion value. From the results of the 

calibration of the two cameras Hikvision cameras have 

more distortion. How to perform a calibration using the 

"Calibration Toolbox" from Matlab to perform automatic 

camera calibration. 
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