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 In this paper, a novel bidirectional underwater visible light communication 

(BiUVLC) is proposed. The VLC transmitter transmits an information signal 

using the one of RGB LED through the water tank that represents an 

underwater environment and then is received by VLC receiver via a color 

filter. The color LEDs and color filters are utilized in bidirectional systems. 

The single link is created by a LED on the transmitter and the color filter on 

the receiver with the same color which represents a single wavelength. The 

performance of the proposed BiUVLC system was evaluated via 

implementations. The experimental result shows that the transmitted signal 

undergoes attenuation over the underwater optical channel and the pair of the 

blue wavelength in link 1 and the green wavelength in link 2 have the best 

performance than the other wavelength pair. In the crosstalk measurement, 

the red wavelength color is the worst in the underwater environment. 
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1. INTRODUCTION  

Recently, there are marine devices and vehicles that are utilized in the underwater environment for 

many applications, such as oceanographic, pipeline survey in an offshore industry, and military, especially 

wireless sensor networks in an underwater environment [1]. Therefore, the two way or bidirectional 

communication system between devices and vehicles is a prerequisite. To address this need, several 

communication technologies have been presented using various transmission medium, i.e. acoustic 

communications, underwater radio frequency (RF) communications, and underwater visible light 

communications (UVLC). Acoustic communications are widely used in underwater communication because 

it has relatively low attenuation so the long distance communication, maximum up to 1 km, can be achieved 

[2], [3]. The disadvantage of this technology is the high frequency communication cannot be done. While 

UVLC offers the highest data rate, up to 1 Gbps, and moderate coverage distance of up to 100 m, considering 

RF supporting a distance of up to 10 m [2], [4]. Recently, the research in VLC has been addressed for many 

applications [5]-[14]. 

Research on communication technology in the underwater environment using visible light, by 

Dominic O'Brien [15] from the University of Oxford with his team in 2008, stated that the use of white LED 

lights has an advantage in terms of performance improvement as well the opportunity to provide information 

simultaneously. Followed by Jianyang Shi [3] from Fudan University with his team in 2014, performing real-

time bidirectional communication using white LED phosphor bases with speeds of 100 Mbps and 200 Mbps 

using RGB LED. Bernando Miguel C. S. [16] applied visible light communication for underwater 

communication. In the study, he used a very bright blue LED, cyan and green on the transmitter and use a 

modified blue or green photodiode on the receiver. The results of his research obtained 1 Mbps at a distance 

of 5 meters with delivery capabilities at sea and in the river. Another research conducted by Chao Wang [17] 

of the National Digital Switching System Engineering and Technological Research Center, Zhengzhou with 
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his team, they applied visible light communication to underwater communication. By narrowing the half-

power corner of the Light Emitting Diode (LED) aimed at increasing the light intensity of the transmitter. 

The use of Single Photon Avalanche Diode (SPAD) on the receiver improves the detection sensitivity in this 

study. Therefore, to our knowledge, there has been no the bidirectional VLC (BiVLC) research in the 

underwater environment. 

In this paper, a novel bidirectional underwater visible light communication (BiUVLC) is proposed. 

The systems are implemented by the two transceivers in an experimental method. And the proposed system 

utilizes the one of Red Green Blue (RGB) LED and a color filter that represents a wavelength to build the 

bidirectional systems. The bidirectional condition in optical communication occurs while each link using a 

wavelength which is represented by a color LED and a color filter. The proposed system utilized the water 

tank that represents the underwater environment. The first link, the VLC transmitter with the single color 

LED transmits an information signal through the water tank that represents an underwater environment and 

then is received by VLC receiver via a color filter. The same condition occurs for the second link where the 

information signal is transmitted from VLC transmitter toward VLC receiver using same or different color 

LED. The crosstalk measurement is used. Therefore, this research is prospective to give the contribution to 

finding the best of the color pair for the bidirectional VLC system in underwater environment. The proposed 

systems can support the bidirectional communication between vehicles, divers, and devices in the underwater 

environment. 

 

 

2. RESEARCH METHOD 
In this chapter, we will discuss about the steps in conducting the research of bidirectional visible 

light communication in underwater environment. 

 

2.1. System Design 

In designing this system, the two transceiver are used which comprises of 2 (two) transmitters and 2 

(two) receivers. The equipment is combined to get a single link transceiver. Then put the LED light on the 

transmitter and photodiode on the receiver. 

Figure 1 shows the block diagram of a visible light communication system, which consists of a 

transmit and receiving system. In the transmitter, the input section is given information in the form of an 

analog signal with the human frequency limit which is 400 - 4000 Hz, generated by the audio generator. The 

signal processed on the transmitter circuit; then the information signal is transmitted through the light using 

the LED. 

 

 

 
 

Figure 1. Block diagram system 

 

 

The signal from transmitter undergoes a process of altering from an analog signal into the light 

through the Light Emitting Diode (LED). The light generated by the LED contains information from the 

transmitter. To proceed to the next section, the light contains information must be captured using components 

that can convert light into electricity. The part that can turn light into electrical are photosensors, and the one 

used in this design is a photodiode. The captured light by the photodiode contains information. Since the 

information received directly by the photodiode is too weak, the amplifier is used as a booster from the 

photodiode to forwarded to the receiver output. 

 

2.2. VLC Transmitter 

In the transmitter section, the process of information signal changes coming from the signal 

generator into the form of light, which will be transmitted through the color LED. At the time of sending 

information in the form of visible light waves, the LED will emit visible light according to the transmitter 
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signal. The color of filters is to set the links to avoid wavelength interference. Figure 2 is a block diagram of 

the entire transmitter. 

Figure 2 shows the connection between components in the transmitter system, input from the audio 

generator connected to the power amplifier then to the transformer and to the LED to transmit the signal. The 

voltage input used is 12 volts, the cathode on the LED is connected to the secondary transformer winding, for 

the primary transformer winding is connected to the power amplifier. The connection of these components 

can be seen in Figure 3 which is part of the transmitter with the specification: 

a. Source  : Power Supply (12 V) 

b. LED   : 5 mm (Everlight 334-15/T1C1-4WYA ) 

c. Amplifier  : Kit Power Amplifier  

d. Transfomator : Center Tap, Step Down, 0/CT 6-8-10-12 V 

 

 

 
 

Figure 2. VLC transmitter diagram block 

 

 

  
  

(a) (b) 
 

Figure 3. Transmitter (a) circuit (b) LEDs 

 

 

2.3. Receiver VLC 

In this receiver, the visible light that captured by the photodiode converted into an information 

signal. The workflow of this receiver section can see in Figure 4, the information transmitted captured by the 

photodiode proceeds to a circuit containing some resistor, capacitors, and bc547 transistors components, the 

component is a series of amplifiers. In the block diagram the captured light will be forwarded to the amplifier 

circuit to be amplified to a certain level, then the reinforced value will be displayed through the oscilloscope 

through the output of the amplifier. The circuit of receivers has specification: 

a. Source : Power Supply (9 V) 

b. Photodiode  : 5 mm (SFH203) 

c. Transistor : BC547 

d. Resistor  : 100 Ω, 1 kΩ, 1 MΩ, 470 kΩ, 56 kΩ, 3,3 kΩ 

e. Capasitor : 100 nF 2 pcs 
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Figure 4. VLC receiver diagram block 

 

 

Figure 5(a) shows the implementation for receiver circuit where output of the circuit will be sent to 

the oscilloscope and figure 5(b) is photodiode array.  

 

 

  
  

(a) (b) 

Figure 5. Receiver implementation (a) circuit (b) photodiode array 

 

 

This channel model implements the workings of VLC in underwater. The aquarium with dimensions 

190x40x40 cm coated by scotlights on the inner side of the aquarium, it aims to avoid the incoming outer 

light from the side of the tank, then covered with black corriboard so that no light enters at the top. Next 

aquarium filled with tap water with 35 cm high. Figure 6 is the concept and realisation of channel model 

implementation. 

 

 

 
(a) 
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(b) 
 

Figure 6. Prototype of channel model (a) design (b) implementation 

 

 

3. RESULTS AND DISCUSSION 

After the design process, the next step is to measurements. Measurements were made to obtain 

system performance data, then compared to determine the performance of a device that has been designed. 

The measurement results can be used as a reference in the overall analysis. 

 

3.1. Position based Measurement System  

On the measurement, the system is tested in two conditions. First transmitter 1 and transmitter two 

also receiver 1 and receiver 2 are on the same level or can be called crossed. The second situation, the 

position of transmitter 1 and receiver 1 and transmitter 2 and receiver 2 are on the same level or can be called 

directional. The purpose of this measurement is to know the optimal position in transmitting the information 

between links. Figures 7 and 8 are diagrammatic of both previously conditions. 

Figure 9 show graph of measured values from the two previously mentioned conditions with 

frequency is 400 - 4000 Hz and 5 Vp - p signal amplitude.  
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Figure 7. Block diagram system from directional measurement 
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Figure 8. Block diagram system from cross measurement 
 

 

  
  

Figure 9. Position based measurement result 

 

 

From the measurements on transmitter 1 and receiver 1 and transmitter 2 and receiver two positions 

in the same area display values that are not much different. In transmitter condition 1 and transmitter 2 and 

receiver 1 and receiver two are in the same area or can be called crossed shown that the values between links 

are much different. It can be assumed that directional position is the best condition on this system. 

 

3.2. Bidirectional Measurement using RGB LEDs  

The next measurement by using color LED on the transmitter side to compare. The color LED used 

as many as three pieces placed on the transmitter side and the receiver set a color LED similar to the color on 

the transmitter. Figure 10 is a block diagram in measurement using color LED. Measurements were made in 

water with a water depth of 35 cm with a distance between the links as far as 50 cm. Each color is tested 

based on a frequency range of 400 – 4000 Hz with an amplitude of 5 Vp-p. Figure 11 shows the results of 

measurements using RGB LEDs. 
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Figure 10. Diagram block of bidirectional measurement using RGB LEDs 

 

 

In Figure 11, three graphs are showing the response of each link. The red line displays the response 

on link 2 and for the blue line represents the response on the link 1. The explanation for writing the title of 

each graph "Red - Red" the first color mentioned is a link one which contained a color LED on the 

transmitter and color filters on the receiver it aims to obtain one wavelength in one link. On the second color 

after the "-" sign is a link 2 containing the color LED on the transmitter and the color filter on the receiver it 

aims to obtain one wavelength in one link. In this measurement, the use of filters and color LEDs on link two 

are changed interchangeably. Table 1 shows the average results of each measured link. 

 

 

  

 
  

Figure 11. Measurement result where λ red on link 1 
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Table 1 is the average value of the output voltage on the receiver side of link 1 and link 2, to 

determine whether a solid color combination is seen from a large number of values between links. In Table 4 

the "Red - Blue" color combination has the highest output voltage value of 8.50 volts. 

 

 

Table 1. Average of Measurement Value where λ Red on Link 1 
λ on link 2 Red (volt) Green (volt) Blue (volt) 

Link 1 4.32 4.45 4.49 

Link 2 3.74 3.79 4.01 

Total 8.06 8.24 8.50 

 

 

In Figure 12, three graphs are showing the response of each link. The red line displays the response 

on link 2 and for the blue line represents the response on the link 1. The explanation for writing the title of 

each graph "Blue-Blue" on the first color mentioned is a link one that contains color LEDs on the transmitter 

and color filters on the receiver it aims to get one wavelength in one link. In the second color after the "-" 

sign is a link 2 containing color LEDs on the transmitter and color filters on the receiver it aims to get one 

wavelength in one link. 

Table 2 represents the average value of the output voltage on the receiver side of link 1 and link 2, 

to determine whether a solid color combination is seen from a large number of values between links. In Table 

5 the "Blue-Green" color combination has the highest output voltage value of 8.90 volts. Figure 12 addresses 

the results of measurements using color LEDs. 

 

 

Table 2. Average of Measurement Value where λ Blue on Link 1 
λ on link 2 Blue (volt) Red (volt) Green (volt) 

Link 1 4.44 3.73 4.05 

Link 2 3.80 4.47 4.85 

Total 8.24 8.20 8.90 

 

 

  

 
  

Figure 12. Measurement result where λ blue on link 1 
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In Figure 13, three graphs are showing the response of each link. The red line represents the 

response on link 2 and for the blue line represents the response on the link 1. The explanation for writing the 

title of each "Green - Green" graph on the first color mentioned is a link one that contains color LEDs on the 

transmitter and color filters on the receiver it aims to get one wavelength in one link. In the second color after 

the "-" sign is a link 2 containing color LEDs on the transmitter and color filters on the receiver, it aims to get 

one wavelength in one link. 

Table 3 is the average value of the output voltage on the receiver side of link 1 and link 2, to 

determine whether a solid color combination is seen from a large number of values between links. In Table 6 

the "Green - Blue" color combination has the highest output voltage value of 8.78 volts. Based on the nine 

pairs of tested colors and from the data obtained, proving that a good color pair is used as link1 and link two 

on bidirectional communication is a "Blue-Green" color LED pair with a value of 8.90 volts. This result is 

obtained from a significant amount of output voltage at the receiver, and this conclusion can be corroborated 

by the literature that states the best wavelength in the underwater environment is the blue-green wavelength 

of 400 - 500 nm [2]. Based on the comparison in the use of filters and LEDs found that the color pair that 

produces a good response is on the color filter with a combination of blue and red with a value of 10 volt.  

 

 

Table 3. Average of Measurement Value where λ Green on Link 1 
λ on link 2 Green (volt) Red (volt) Blue (volt) 

Link 1 4.42 3.88 4.05 

Link 2 3.94 4.50 4.73 

Total 8.36 8.38 8.78 

 

 

  

 

 

 
  

 

Figure 13. Measurement result where λ green on link 
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3.3. Crosstalk Measurement 

To know the value of interference between the links, then the measurement of crosstalk by involving 

two links simultaneously but in the state of one of the links are not given signal information. In the 

measurement process, the information sent from link 1 has a distance of 50 cm, and the value of crosstalk 

obtained from the output link two connected to the oscilloscope. Figure 14 is a block diagram of crosstalk 

measurement. 
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Figure 14. Crosstalk measurement diagram block using RGB LEDs 

 

 

Figure 14 is diagram block of the previously mentioned conditions, subsequently for data retrieval, 

the transmitted frequency value of 1 Hz with the 5 Vp-p signal amplitude generated by the audio generator 

and for each link spacing of 50 cm. In this crosstalk measurement, the color used is similar to the previous 

test, red (~ 675 nm), blue (~470 nm), and green (~550 nm). Table 4 are the results of crosstalk 

measurements. 

 

 

Table 4. Crosstalk Measurement Using RGB LEDs 
Link 1 Vout (Volt) Freq (Hz) Link 2 Vout (Volt) Freq (Hz) 

Red 

4.55 1029 Red 3.68 1093 

4.88 1006 Blue Unmeasured Unmeasured 

4.8 1009 Green Unmeasured Unmeasured 

Blue 

4.88 1065 Red Unmeasured Unmeasured 

4.96 1067 Blue Unmeasured Unmeasured 

4.55 1007 Green Unmeasured Unmeasured 

Green 

4.48 1028 Red Unmeasured Unmeasured 

4.48 1046 Blue Unmeasured Unmeasured 

4.71 1088 Green Unmeasured Unmeasured 

 

 

From the results obtained that the use of color filters is perfect regarding separation between links, it 

is shown from the discovery of information from link one on link 2. In the method of color LEDs precisely 

on the red one link and red link 2, there is crosstalk of 2.66 dB. That value shows that bidirectional 

communication with a similar color causes leakage of information on link two that will cause a collision of 

the received information signal. 

From all the experiments performed, the system can work bidirectional using color LEDs as well as 

wavelength separation that does work well, because there is no interference between links on the second 

wavelength condition of the different links. Conversely, if using a similar wavelength on each link, then the 

interference will occur. 
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4. CONCLUSION 

From the results of research Bidirectional Underwater Visible Light Communication System can be 

concluded, among others, as follows: 

a. On the measurement of the system with two positions, the system with a direct position can work well 

and this is evidenced from the system can receive information signal with the average of the highest 

voltage value of 3.46 volts on the links 1 and 4.2 volts on link 2. 

b. On bidirectional system measurements using RGB LEDs instead of filters mounted on the LED front, a 

value of 8.90 volts is obtained and consists of a blue combination of link 1 and green on link 2. 

c. In crosstalk measurements with 1 kHz frequency, the use of similar color LEDs can cause crosstalk, as 

in red - red, there is a crosstalk value of 2.66 dB. 
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