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Comparative Analyses of Fitting Functions for Channel Impulse
Response in Underwater Wireless Optical Communication Systems
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School of Computer and Information, Hohai University, Nanjing, Jiangsu 211100, China

Abstract Owing to the lack of a particular function to fit the channel impulse response (CIR) curves in clear ocean
water, a method of fitting CIR curves of clear ocean water using double exponential function is proposed in this
article. The proposed double exponential function is compared with four other well-known fitting functions—single
Gamma, inverse Gaussian, double Gamma, and CEAPF—to show its superiority. Moreover, we compare and
analyze the fitting performance and working range of these five functions under different conditions of seawater
quality, link range, and field of view (FOV) of the receiver, and these are verified by Monte Carlo simulation
experiment. Both theoretical analyses and simulation results suggested that the proposed double exponential function
could achieve an accurate fitting performance not only in clear ocean water but also in harbor water and could
outperform the four other functions, especially in a short link range of clear ocean water (e.g., 10 m) and in harbor
water case with different link ranges and FOVs. From the results, the single Gamma function used to match the
CIR curves in the atmospheric environment could also be used to fit the ones in clear ocean water and harbor water,
whereas the inverse Gaussian function deviated the CIRs under any working case with larger errors; the double Gamma
function could fit the CIR of coastal water and harbor water but could not fit that of clear ocean water; the CEAPF function
could generally fit well with the CIRs in the three ocean water qualities and obtain good fitting results.
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Fig. 1 Flowchart of Monte Carlo simulation in UWOC system
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Table 1

AN TR ¥ AR B B W WAL B 5 e el R A
Absorption, scattering, and attenuation

coefficients in different water types

Absorption  Scattering  Attenuation
Water type coefficient /  coefficient / coefficient /
m ' m ' m '
Clear ocean 0. 069 0. 080 0. 150
Coastal 0.179 0.219 0.398
Harbor 0. 366 1. 824 2.190
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Table 2 Key parameters of CIR curve simulated

by Monte Carlo

Parameter Value
Beam width /mm 3
Divergence angle (full angle) /(*) 10
Wavelength /nm 532
Number of photons 10°
Aperture of detector /cm 50
Survival threshold 10°°
Link range /m 10-50
Field of view(FOV) /(*) 20,40,180
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Fig. 2 Comparison between CIR curve simulated by Monte

Carlo and various function fitting curves in clear ocean water
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Fig. 3 Comparison between CIR curve simulated by Monte

Carlo and various function fitting curves in coastal water
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Fig. 4 Comparison between CIR curve simulated by Monte

Carlo and various function fitting curves in harbor water
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Table 3 RMSE between CIR simulated by Monte Carlo and

various function fitting curves in different water types

Function Clear ocean Coastal Harbor
Inverse Gaussian 2.2090 0.5419 0.1498
Double Gamma 2. 2444 0.5453 0. 1007

Single Gamma 0. 0097 0. 0053 0. 0453

CEAPF 0.0135 0.0003 0.0548

Double exponential 0.0048 0.0028 0.0255
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Table 4 RMSE between CIR simulated by Monte Carlo and various function fitting curves for different link ranges

Water Link Inverse Double Single Doubl
CEAPF
type range /m Gaussian Gamma Gamma exponential
20 2.0009 2.0003 0.0382 0.0124 0.0156
Clear ocean
50 1.2422 1.2416 0.0825 0.0137 0.0341
c | 30 0.0363 0.0343 0.0617 0. 0495 0. 0551
~oasta
oasta 10 0.1616 0. 0422 0. 1000 0. 0650 0. 0842
12 0. 1879 0.0592 0.0771 0. 0675 0.0216
Harbor
16 0.4791 0.1465 0.1167 0.1150 0.0888
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Fig. 5 Comparison between CIR curve simulated by
Monte Carlo and various function fitting curves in

clear ocean water for L =20 m
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Fig. 6 Comparison between CIR curve simulated by
Monte Carlo and various function fitting curves in

clear ocean water for L =50 m
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Fig. 7 Comparison between CIR curve simulated by
Monte Carlo and various function fitting curves in

coastal for L =30 m
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Fig. 8 Comparison between CIR curve simulated by
Monte Carlo and various function fitting curves in
coastal for L =40 m
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9 Comparison between CIR curve simulated by

Monte Carlo

Fig.
and various function fitting curves in

harbor for L=12 m
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Fig. 10 Comparison between CIR curve simulated by

Monte Carlo and various function fitting curves

in harbor for L=16 m
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180°HT , ZE4F & CIR & H iy JEfil b, RUHE £k ok 207 T
A LA R ECP ) RMSE &5/,
R T A BB TN SE 8, IR R AL
F AT BT CIR iy e iF 1 4T $00 G bR 5500 4005 R0
ARSI AN BECE L 200 40° B IE L JF TR
W SR AR BEAT 520 R 2 0 LR A I 25 40 bR AR ) 4L
BROR . TEARFEM S ME LT AR K R [F B
B A RS CIR BUE Z 8 4 15 RMSE %
P 5 Frs.
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Table 5 Comparison of RMSE between CIR curve simulated by Monte Carlo and function fitting curves for different FOVs
Water Inverse Double Single Double
Link range /m CEAPF
type Gaussian Gamma Gamma exponential
. 10 2.2065 2.2380 0.0063 0.0128 0.0019
Clear ocean
FOV is 20° 20 1. 9960 1.9953 0.0324 0.0125 0.0127
is 20 50 1.2511 1.2508 0. 0800 0.0154 0.0332
. 10 0.6374 0. 6380 0.0026 0. 0003 0. 0009
Coastal
FOV i . 30 0.0650 0.0749 0.0817 0.0569 0.1424
Visz0 40 0.0687 0.0527 0.1028 0.0623 0.0758
10 0.1072 0.0937 0.0410 0.0681 0.0229
Harbor
E ) . 12 0.1250 0.0562 0.1129 0. 0649 0.0238
OVis 20 16 0.2401 0.1689 0.1964 0.1747 0.1725
. 10 2.2107 2.2436 0.0089 0.0202 0. 0039
Clear ocean
E ) . 20 1. 9999 1.9993 0.0363 0.0112 0.0164
OVis 40 50 1.2544 1.2537 0.0882 0.0180 0.0333
10 0.6402 0. 6409 0.0048 0.0002 0.0022
Coastal
Fe ) B 30 0.0491 0. 0640 0.0870 0. 0509 0.1069
IViis 40 40 0.0833 0.0419 0.0888 0. 0653 0.0796
10 0.1386 0.0979 0.0466 0.0651 0.0175
Harbor
) 5 12 0.1730 0.0572 0.0677 0. 0909 0.0178
FOV is 40 16 0.4142 0.1329 0.1319 0.1354 0.1154
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