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Abstract. This research aims to obtain the focal length and radial and tangential distortion of a USB 2.0 digital camera. This research was 

conducted in three stages namely preparation of tools and materials, camera characterization, and data processing. The tools used in this 

study include a USB 2.0 digital camera and MATLAB R2013a software, while the object is a collimator board. Characterization of digital 

cameras is done through data collection with a distance variation of 3 cm until 15 cm, then the data obtained is processed using MATLAB 

R2013a software to obtain the focal length and radial distortion and tangential distortion values. The USB camera that used has the 

characteristic focal length and radial distortion and certain tangential distortion for each distance. 
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INTRODUCTION 

 

Fluorescence is an atomic or molecular phenomenon that 

absorbs energy with certain wavelengths and causes the 

transition of quantum states from low energy to high 

energy levels which then emits light with energy lower 

than absorption energy (Lee et al., 2018, p. 533). 

Fluorescence uses an excitation source in the form of 

LED with a specific wavelength that matches the sample 

to be used. One of the LEDs which has a higher intensity 

intensity character than ordinary LED is High Power 

RGB-LED. High Power emits three colors namely red, 

green and blue. 

Fluorescence imaging is one of the optical methods 

used in food classification that is able to support the 

authentication of food halality. This method was 

developed because it is simple, non-destructive or 

nondestructive, high sensitivity, cheap, and fast 

(Sankaran et al., 2010, p. 4). This system requires a USB 

2.0 camera to record the effects of fluorescence on 

samples that have been exposed to light. The USB 2.0 

camera used needs to be characterized in advance so that 

it knows or can estimate the distance between the camera 

and the sample place. By doing camera characterization, 

it will produce better fluorescence image results and 

have a high level of stability. This characterization 

process will also optimize the performance of the 

fluorescence imaging system. The results of the camera 

characterization carried out obtained values of focal 

length and radial distortion and tangential distortion. 

 

 

 

 

MATERIALS AND METODS 

 

Tools and Materials 

There are several tools and materials that must be 

prepared during the camera characterization process. 

Tools and materials used are USB cameras, laptop, 

collimator board and MATLAB R2013a software. 

 

Work Procedures 

Characterization of the camera is done through four 

stages, namely preparation of tools and materials, 

assembling tools, data retrieval, data processing. The 

four stages are explained in detail as follows. 

1. In the first stage is preparing tools and materials 

aimed at preparing all types of tools and materials 

such as laptops, collimator boards, and MATLAB 

R2013a software. Preparation of tools and materials 

made before the camera characterization process 

can provide effectiveness and time efficiency. 

2. The second step is assembling the device. This stage 

has a target that is a series of tools that will be used 

in the process of capturing camera characterization 

data. The circuit is arranged by meansof a collimator 

board mounted perpendicular to the USB Camera 

with the specified distance variation. Where the 

USB Camera is connected with MATLAB R2013a 

software. 

3. The third stage is data collection. The purpose of 

this stage is to process the data to be characterized. 

The target of this stage is in the form of image data 

from a collimator board which is used as an object 

when shooting pictures of the camera. The process 

of collecting data was carried out nine times with 

the specified distance variation of 3-15 cm. The data 
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that has been obtained will then be entered into the 

Calib Toolbox folder. 

4. The last step is data processing. The purpose of this 

stage is to find out the results of the characteristics 

of the camera used. Characterization results 

obtained are the value of the focal length and radial 

distortion and tangesial distortion. With the known 

characterization results, it will optimize the 

performance of the fluorescence imaging system. 

 

 

RESULTS AND DISCUSSION 

 

Characterization of the camera has been successfully 

carried out using the laboratory calibration method with 

the overall results obtained as shown in Table 1. The 

results of the characterization obtained were the focal 

length values as well as radial distortion and tangential 

distortion. 

 
Table 1. The camera characterization results. 

 

 

 

Focal Length 

The focal length is the perpendicular distance between 

the center of the lens and the projection plane of the 

camera (Aristia, 2014, p. 15). As has been shown by 

Table 4.1 that the focal length of the camera at a distance 

of 3 cm is fx of 2387.85 and fy of 2601.51. The value of 

the focal length that has been obtained indicates that the 

image obtained has two focal length values namely on 

the x axis and y axis. This gives information that the 

image has a 2D form. The explanation also applies to the 

results of the focal length at variations in the distance of 

5 cm to 15 cm. 

The focal length information from the camera as 

shown in Table 4.1 can be used to determine the ideal 

distance between the camera and the sample place. 

Placing the camera at the ideal distance will optimize the 

performance of high-power RGB-LED fluorescence 

imaging systems. 

Radial Distortion 

Radial distortion is a linear shift of photo points in the 

radial direction with respect to the main point from its 

ideal position (Aristia, 2014, p. 16). As with the focal 

length value, the radial distortion value is also shown in 

Table 4.1. Based on Table 4.1, information is obtained 

that the radial distortion value of the camera at a distance 

of 3 cm is -0.8122 on the x-axis and -15.04 on the y-axis. 

Radial distortion values that have been obtained indicate 

that the camera to be used has negative radial distortion 

or barrel distortion. This provides information that the 

sides of the image that were originally square shaped 

curved outwardly away from the center of the image. 

The explanation also applies to the results of radial 

distortion at variations in the distance of 5 cm to 15 cm. 

 

Tangential Distortion 

Tangential distortion is a linear shift of a point in a photo 

in the normal direction (perpendicular) to a radial line 

through the photo point (Aristia, 2014, p. 17). As with 

radial distortion values, tangential distortion values are 

also shown in Table 4.1. Based on Table 4.1, 

information is obtained that the results of the camera 

shooting that will be used in this study have a hyperbolic 

impression that the lens elements in the combined lens 

experience excessive impression. The explanation also 

applies to the results of tangential distortion at variations 

in the distance of 5 cm to 15 cm. 

The results of radial and tangential distortion values 

that have been obtained function in analyzing the results 

of the obtained fluorescence images. By knowing this 

value, it can be analyzed the image obtained so that the 

image results are not much wasted because of distortion 

in the camera used. This can produce a better image and 

has a high level of stability in the fluorescence image 

obtained. 
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CONCLUSION 

 

The results of radial and tangential distortion values that 

have been obtained function in analyzing the results of 

the obtained fluorescence images. By knowing this value, 

it can be analyzed the image obtained so that the image 

results are not much wasted because of distortion in the 

camera used. This can produce a better image and has a 

high level of stability in the fluorescence image 

obtained. 
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