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Abstract 

In consideration of the increasingly higher demand for color detection in the modern 

industry and agriculture, this paper presents and implements one kind of color analyzer 

based on TCS3200 color sensor and microcontroller AT89C52, which can read directly 

the color information and achieve the intelligent control. The color analyzer consists of 

the lighting module, the color recognition module, the data processing module and the 

display module. The intelligent color analyzers having the advantages of high 

performance, low cost, easy operation and maintenance, small size and good development 

can meet the requirements of practical application. 
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1. Introduction 

Currently the accuracy of the color recognition and detection is becoming increasingly 

important in the industry [1, 2]. The method of measuring the color mainly contains 

relatively primitive visual measurement and advanced measurement instruments. The 

measurement instruments according to the different methods that the three primary colors 

obtained are divided into two categories: optical integral spectral color measurement 

instruments and color measurement instrument. And many types of color analyzers based 

on the colorimetry theory is produced and commoditized, but the existing measuring 

instruments on the market are not universal and have high cost and single function only 

[3-7]. 

This paper proposes a color analyzer based on TCS3200 color sensor and 

microcontroller AT89C52. The TCS3200 color sensor is employed to collect the sample 

color information, which can convert three primary color signals of the sample color into 

electrical frequencies and the output is the digital signal [7-9]. So the color analyzer can 

omit the operational amplifier modules and A / D converter circuit of the conventional 

color detection system making the whole system more simple and compact. In particular, 

we use the microcontroller AT89C52 as the core control unit [10-12]. The LCD1604 

serves as the display component. Its advantages of low cost, easy operation, good 

development and easy maintenance will have attractive applications in practical color 

measurement.  

 

2. Color Measurement Principle 

The color analyzer is composed of the lighting module, the color recognition module, 

the data processing module and the display module. The lighting module uses the light-

emitting diode (LED) with high brightness white light as the light source of this analyzer; 

the color recognition module employs TCS3200 as the color sensor, realizing the early 

identification of the color information of the measured objects. 
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TCS3200 color sensor launched by TAOS is a programmable color light-to-frequency 

converter. The silicon photodiode and the current-frequency converter are integrated in a 

single CMOS circuits with red, green and blue (RGB) filters. Figure 1 is the pin package 

and the functional block diagram of TCS3200. 
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Figure 1. The Pin Package and the Functional Block Diagram of TCS3200 

TCS3200 color sensor has four filter types. When the incident light irradiates the 

TCS3200 color sensor, different filters can be gated by controlling the different 

combinations of pin S2, S3, as shown in Table 1. The square waves at different 

frequencies are output after the conversion of the current into the frequency, 

different colors and light intensities correspond to the square wave at different 

frequencies. The typical output frequency range is 2 Hz ~ 500 kHz, using the 

programmable pin S0, S1 of TCS3200 to select the type of output scale factor, as 

shown in Table 2. 

Table 1. TCS3200 Filter Type Selection           Table 2. TCS3200 Output Scale  
 Factor 

 

S2 S3 Filter Type 

L L red 

L H blue 

H L none 

H H green 
 

S0 S1 Output 

L L off 

L H 2% 

H L 20% 

H H 100% 

From three primary colors principle we know that the sample color can be 

obtained through the converter when the values of the primary colors are known 

[13-15]. The TCS3200 can only make the one color pass when a color filter is 

selected, so the values of three primary colors can be obtained in turn by gating 

different color filters, the color value of the light irradiated to TCS3200 color sensor 

can be calculated by them. 

The sensitivities of TCS3200 color sensor to three primary colors are different 

causing that the RGB output are not equal when TCS3200 color sensor measures the 

white light, so the white balance needs to be conducted before the measurement 

[16]. The specific method: the sensor is put on the bottom of an empty test tube, a 

white light source is placed at the top of the test tube so that the light irradiated to 

TCS3200 color sensor passes through the tube; then the green, blue and red filters 

are gated successively to measure the green, blue and red values, so the three 

adjustment parameters are obtained by the calculation. When TCS3200 color sensor 

is used to identify the color, we use three measured parameters to adjust the values 

of three primary colors. There are two methods to calculate the adjustment 

parameters. The first, the color filters are successively gated, the output pulses are 

counted until the time reaches 255 to stop for each filter, and the cost time of each 

color filter is calculated. These time must base on the time tested during the actual 

use of TCS3200 color sensor, the number of pulses during this measured time 

corresponds to the values of R, G and B. The second, the timer is set to a fixed time 

(e.g., 10ms), then three color filters are gated in turn, we calculate the pulse values 
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of TCS3200 color sensor output during this time, so the scale factor can be 

calculated, we can become the measured pulses number to 255 by this scale factor. 

Therefore, the corresponding values of R, G and B can be obtained by using the 

same time for counting the pulses number multiplied by the measured scale factor in 

the actual test. 

 

3. Hardware Design and Principle 

The overall design diagram of the color analyzer is shown in Figure 2. The data 

processing module based on the AT89C52 and the serial communication technology 

realizes the data communication with the host computer; the display module chooses 

the LCD to display the color information of the measured object [17]. 
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Figure 2. The Overall Design Diagram of the Color Analyzer 

AT89C52 is a low-voltage, high-performance 8-bit intelligent control 

microcontroller. To ensure the stable operation of AT89C52, a reset circuit and a 

crystal circuit are built, as shown in Figure 3. Reset circuit enables the AT89C52 to 

return the initial state; the crystal circuit forming a self-excited oscillator outputs 

the clock signal, when the pulse signal inputs the clock circuit of AT89C52, the 

clock of the master control of AT89C52 can be formed to enable AT89C52 to work 

normally. 
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Figure 3. The Wiring Diagram of the Reset Circuit and the Crystal 
Circuit 

In order to achieve the data collected by the color analyzer to be processed and 

displayed on the PC, the AT89C52 serial port and PC serial communication circuit  

are built. Taking into account the inconsistency of the output data information level 

processed by AT89C52 and the level of PC host computer, MAX232 is used to 

convert the levels between them. The pin and the function of MAX232 and the 

serial communication circuit based on it as the main component are shown in Figure 

4. 
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Figure 4. The Serial Communication Circuit based on MAX232 

In the analyzer system, the keyboard functions include: the white balance 

adjustment, the output of standard color sampling, clear data send data, etc. The 

number of keys is a little big in the design, so a matrix keyboard is adopted to 

improve the work efficiency of AT89C52 and ensure that no matter which button is 

pressed, an external interrupt source input will generate only once. This will not 

affect the multiple interrupt sources simultaneously taken up and reduce the waste 

of CPU resources. The specific circuit is shown in Figure 5. 
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Figure 5. The wiring Diagram of the Matrix Keyboard Interface and AT89C52 

LCD has the characteristics of small size, low power consumption and high 

immunity to electromagnetic interference so on. Therefore, we choose LCD1604 

with 4-line display as the display module. The wiring diagram of LCD and 

AT89C52 is shown in Figure 6. 
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Figure 6. The Wiring Diagram of LCD and AT89C52 

The wiring circuit of the overall hardware simulation is shown in Figure 7. 
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Figure 7. The Simulation Diagram of the Color Recognition Analyzer 

4. Software Design and Implementation 

PC software written primarily is used to read, display and save the color data 

information of the measured sample processed by the microcontroller; meanwhile 

PC software issues the command achieving the intelligent control on the 

microcontroller to control the working status of the microcontroller. In this paper, 

VB language is applied to compile the PC software. The PC software includes five 

modules of the serial control settings, switches, data acquisition, data processing 

and display. Specific PC interface is shown in Figure 8. 

 

 

Figure 8. The PC Control Interface 

The main role of AT89C52 is to complete the control on the color sensor picking 

up the sample color information, the operating state of MAX232 serial circuit and 

LCD display based on the command sent from the host computer, and process 

primarily and synchronously the three primary colors data. The collected data stored 

in the internal memory of the AT89C52r is sent to the host computer according to 

PC software commands. In this paper, the software program of AT89C52 is 

implemented by C language. 

The software flowchart of the whole measurement system is shown in Figure 9. 
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Figure 9. The Software Flowchart of the Whole Measurement System 

Based on the overall works above, the program is burned into the core control 

chip -AT89C52 by STC software after the hardware is built. Then the color analyzer 

can achieve color detection recognition and detection after the power is supplied to 

the system is shown in Figure 9. The actual operation condition of the color 

analyzer is shown in Figure 10. 

 

 

Figure 10. The Actual Operation Condition of the Color Analyzer 
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5. Conclusion 

This paper proposes and carries out a color analyzer based on TCS3200 color 

sensor and microcontroller. The hardware configuration module including power, 

lighting system, photoelectric detection system, data acquisition and processing 

module and display module and software design are achieved, respectively. The 

system has high performance, low cost, small size, etc. and the software is easy to 

develop and optimize. 
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