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Experimental Analysis to Derive Optimal Wavelength

in Underwater Optical Communication Environment

Dong-Hyun Kwak*, Seung-il Jeon*, Jung-rak Choi*, Min—-Seok Han**
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Abstract  This paper investigates the naval application of laser communication as a potential
replacement for traditional acoustic wave communication in underwater environments. We developed a
laser transceiver using Arduino and MATLAB, conducting a water tank experiment to validate
communication feasibility across diverse underwater conditions. In the first experiment, when
transmitting data through a laser, the desired message was converted into data and transmitted, received,
and confirmed to be converted into the correct message. In the second experiment, the operation of
communication in underwater situations was confirmed, and in the third experiment, the intensity of
light was measured using the CDS illuminance sensor module and the limits of laser communication
were measured and confirmed in various underwater situations. Additionally, MATLAB code was
employed to gather data on salinity, water temperature, and water depth for calculating turbidity.
Optimal wavelength values (532nm, 633nm, 785nm, 1064nm) corresponding to calculated turbidity levels
(5, 20, 55, 180) were determined and presented. The study then focuses on analyzing potential
applications in naval tactical communication, remote sensing, and underwater drone control. Finally, we
propose measures for overcoming current technological limitations and enhancing performance.

Key Words : Underwater laser communication, changing underwater environments, applying MATLAB
& Arduino to naval operations, optimal wavelength.
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Table 1. Comparison of underwater wireless communication technologies [3]

Parameter Acoustic RF Optical
: Frequency and conductivit
Attenuation Distance and frequency , dependent (3.5-5dB/ 0.39dB/m (ocean)
dependent (0.1-4dB/km) ) 11 dB/m (turbid)
Speed 1500ms™ 2.3 x 10%ms™ 2.3 x 10®ms™
Data Rate kbps Mbps Gbps
Latency High Moderate Low
Distance more than 100km <10m 10-150m (500m potential)
Bandwidth 1kHz-100kHz MHz 150MHz
Frequency Band 10-15kHz 30-300MHz 5 x 10"Hz
Transmission Power 10W mW-W mW-W
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diagram
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13 3 ina P
14 String data = "Red Submarine Found™;
15 String binary_data = "";
16 for (int 4 — ©; i < data.length(); i++) {
17 binary_data += String(data[i], BIN);
18 1
10 t == =
20 for (int 4 = @; i wgth(); i++) {
21 binary message +
22 1
23 S t = =
24 pinMode (laserPin, OUTPUT);
25
26 ia z
27 sSP gin();
28 . rde
29 SPI ataMode(SPI_MODE®) ;
30
= =
J% 2. DM-104 239 HiA[X] O|x=t & SPI 84 2E
Fig. 2. Message binarization and SPI communication

code for DM-104 module

s uration = 10
35 th = binary_message.length() * pulseDuration * 109;
36 ngth]

3 binary_s ength(); i++) {

38 5 3 < pulseDuration * 100; j++) {

9 * pulseDuration * 108 + j] = (binary message[i] == '1') 21 : @
a1

42 e

43 sde[signallength];

s - @; i < signallength; is+) {

15 [i] - (signal[i] == 1) ? pouer : 6;

vrite(laserPin, LOW);
i i<

gnallength; i++) {

r(ampl

rite(laserPin, HIGH):

1% 3. DM-104 259 Ol HAX|S 20|M ME ZE
Fig. 3. Laser transmission code of binary messages
in the DM-104 module
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* 180;

gth();
Duration * 100; j++) {
100 + 3] = (binary_message[i] == '1') 2 1 : @;

[i * pulseDuration *

ude[signallengthl;
= @; i < signallength; is+) {
itude[i] = {signal[i] == 1) ? power : @;

te(laserPin, LOW);

o 1 {

< allength; i++) {

3 di| Write(laserPin, HIGH): S
O3 4. PP-A435 BEQ| 4 TFE
Fig. 4. Receive code for PP-A435 module
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Table 2. Comparison of underwater wireless

x2

communication

Experimental Detailed Condition

Setup

Tst Check sent and received messages
Determination of whether laser
communication is possible depending on

2nd the environment (three water tanks
measuring 30cm wide and 5cm high were
installed in a row and the communication
distance was set to 1m)
Comparison of measured values of CDS
illuminance sensor according to

3rd environment  (same  condition to 2nd,
change to (PP-A435 Module =) CDS
Sensor)
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Table 3. Determination of whether laser
communication is possible depending on the
environment
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sea water 0 0 0
(240q of salt)
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sea water
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turbidity = 35; % BT 7 oY
calculatelasertiavelength(turbidity);

W

Bl function calculatelaserbiavelength(turbidity)

4
5

6 if turbidity < 10

7 lazertlavelength = 532;

3 elseif turbidity »= 10 && turbidity < 5@

9 laserblavelength = 633;

1p elseif turbidity »= 50 &% turbidity < 160

11 lasertlavelength = 785;

12 else

13 lasertlavelength = 1084;

14 end

15

16 disp(['SE:", num2str(turbidity), ' Hgst go/d
17 - end

J% 6. B0 ME 29| 201X TR HA|
Fig. 6. Proposal of optimal laser wavelength
according to turbidity
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