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A method for capturing color gamut response, in short, is firstly capturing the radiating 

light from the light source with a digital camera and then calculate the so-called CIE 

chromaticity x and y and z coordinates based on the light source color. For the complete 

formulations, please see (Boyce, 2014).  

1.2. Goal 

To test our hypothesis, one would need to capture hundreds of responses from numerous 

light sources. Changing the type and brightness of each light source would be an enormous 

job.  

We would like to have a device that contains numerous different monochromatic light 

sources that can turn every one of those light sources independently with user-selectable 

light intensity. 
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2. Device 

2.1. Requirements 

Below is a list of requirements that the device must have: 

• The device must contain an array of twenty two-leaded connectors to connect 

twenty light sources (LEDs, Low-power lasers, etc.). 

• The device must have the ability to receive commands ether through Universal 

Serial Bus (USB) or wirelessly with the Bluetooth protocol. Commands must be in 

a simple ASCII string form.  

• Every command must specify which light source to turn on with defined intensity.  

• The board must be powered with a conventional EU plug (230V, 50 Hz). 

2.2. Principle of operation 

Figure 2 depicts the general functional block diagram. On the left side, we have two 

communication ports: USB and Bluetooth. Both of those communication channels are 

unidirectional: from the user mobile phone or PC to the Device. 

Between communication ports and light-sources-array rests low-cost general-purpose 

microcontroller that acts as a bridge between the two. Its function is to encode the user 

commands into an analog voltage that would drive each light-source.  

Next to the microcontroller is a light-source-array consisting of 20 exchangeable 

monochromatic light-sources and their drivers. 
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OP-AMP 

OPA4990 is a general-purpose operational amplifier with rail-to-rail input/output voltage. 

It consists of 4 OP-AMPs in one package. 

OP-AMP outputs are directly connected to MOSFETs gates. 

OP-AMP so-called Short-circuit-input principle gives us the LSB diode current: 

𝐼𝑑,𝐿𝑆𝐵 =
U𝐿𝑆𝐵𝑅𝑠 ≅ 19.531 mV

bit
�

100 Ω ≅ 0.1953
mA

bit
  . 

Hence, with the 8-bit DAC output, we have 0-50 mA current swing with the 0.1953 mA 

sensitivity.  

MOSFET 

2N7000 is a general-purpose, enhanced, TO-92 package, MOSFET. Drain-to-source 

voltage drop dictates a desired current through the diode. 

Power supply voltage 

We chose 12 Volts power supply voltage since it covers a wide forward-voltage-drop 

range. 
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3. Usage 

This section describes general procedures of using the device. 

3.1. Power 

Power supply 

To power up the device, the user must plug the device into 230 V, 50 Hz EU electrical 

socket. 

If there are no errors, the status LED should be blinking and the light source array is 

completely turned off. 

Fuses 

To prevent the device from permanent electric damage user must install two types of fuses: 

• Slow blow, 40 A, 250 V for 12 V rail and, 

• Slow blow, 20 A, 250 V for 9 V rail. 

3.2. Light-source array 

To place individual light sources, firstly turn the device off, and then put two leads into 

their appropriate header paying attention to leads polarity.  

3.3. Communication 

USB 

To use USB communication, the user should connect the PC and the device with a USB 

2.0 type B connector cable.  

The device should appear on a PC as a virtual COM port. Communication with the device 

is established via standard Serial port monitors apps. See Demonstration heading for more 

information. 
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Bluetooth 

To use Bluetooth communication user must establish a connection between the two 

Bluetooth devices. Next, the user should use standard Serial port monitors apps. See 

Demonstration heading for more information. 

Commands 

Commands are sent using traditional Serial port monitors with the format of simple 

commands explained below. 

Commands format 

To address every single light source, we have developed a format that every user must 

follow. The format is: 

LED_XX_YYY 

Where: 

• “LED” is an abbreviation meaning Light Emitting Diode, 

• “XX” is a leading zero, two-digit, natural number (e.g.,  00,  01,  02  ,  …  ,  98  ,   

99) representing a diode ID and 

• YYY is a leading zero, natural number (e.g.,  000, 001, 002…) representing a 

current trough the light source in the range from 0 which means 0 mA to the 255 

meaning 50 mA (see Light-source array heading). 

For example, to set a 3.52 mA current through a diode with an ID No. 7 (see Figure 5), a 

user must send an ASCII command string: 

LED_07_018 

Where the current value “018” was calculated as: 

𝑟𝑜𝑢𝑛𝑑 �3.52 mA

50 mA
∙ 255� = 18 

The highest YYY diode current is 50 mA by design. If a user sends a command with a 

higher current requirement (> 255), the current will be set to 50 mA. To turn off the diode, 

the user should put 000 as the YYY value. 





 

11 

4. Demonstration 

In this chapter, we will demonstrate the usage of the system in real usage conditions. 

4.1. Procedure 

Before connecting the device into mains, populate the light source array with desired light 

sources. 

Next, turn on the device by inserting high-voltage terminals into its appropriate headers. 

Ensure that the other end of the cable is not connected to the mains voltage. 

 

Figure 6 - Inserting high-voltage main wires. 

4.1.1. Bluetooth connection 

To use Bluetooth connection, make sure you have an installed app that can send ASCII 

characters over Bluetooth. For Android, we recommend the “Serial Bluetooth Terminal 
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4.1.2. USB communication 

To use USB communication user must connect the USB cable into an appropriate 

connector. 

 

Figure 9 - USB connector insertion. 

Next, open your favorite Serial COM port program. We recommend “Termite” for 

Windows operating system. Set the COM port settings as in the picture below and start to 

send commands to the device. 
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Conclusion 

In this paper, we have presented the main functionalities regarding the system for 

evaluating the color response of a digital camera sensor. We have presented its main 

principles of operation and usage and in the end, we have demonstrated how to start a 

device to produce further experiments.  
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Abstract 

System for evaluating the color response of a digital camera sensor 

Build a controllable light source comprising of a multiplicity of light-emitting diodes and 

semiconductor lasers covering the visible spectrum: from near infrared (1000 nm) to UVA 

(365 nm). The output intensity of the diodes/lasers should be remotely controllable via 

USB and/or Bluetooth. Demonstrate the use of the developed instrument to evaluate the 

color gamut of at least one digital camera sensor. 
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Sažetak (Croatian) 

Sustav za evaluaciju odziva boje digitalne kamere 

Izraditi izvor svjetla od više svjetlećih dioda i poluvodičkih lasera koji pokrivaju vidljivi 

dio spektra: od 1000 nm (infracrvena boja) do 365 nm (ultraljubičasta boja A). Intenzitet 

svjetla iz svake diode će se kontrolirati preko USB sučelja ili preko Bluetooth sučelja. 

Demonstrirati korištenje razvijenog uređaja za mjerenje gamuta barem jedne digitalne 

kamere. 
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Appendix A: Useful URL-s 

Below we have listed the links to the GitHub account where there is stored complete 

documentation to build the System: from complete software to the hardware. User is 

encouraged to freely study and use the documentation. 

• Main page: 

o https://github.com/KvirinPolondak/Kalibrator 

• Altium PCB project: 

o https://github.com/KvirinPolondak/Kalibrator/tree/master/Kalibracija 

• Software: 

o https://github.com/KvirinPolondak/Kalibrator/tree/master/Programski_kod 
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Appendix B: PCB documentation 

B.1 Schematic sheet documents 
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Appendix C: Datasheets 

C.1 STM32F103C8T6 microcontroller 
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C.2 DAC5574 DAC  
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C.3 OPA4490 OP-AMP 
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