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Design of a high-precision forward-scattering visibility
meter

JIANG Tao'?, GAO Shijiao', LI Peng*?, WANG Yong?
(1. College of Electronics and Information Engineering, Nanjing University of Information
Science & Technology, Nanjing 210044, China;

2. Nanjing Qiyun Zhongtian Technology Co., Ltd., Nanjing 210044, China)
Abstract:To address the issues of existing visibility meters, such as significant measurement errors,
sensitivity to environmental disturbances, and complex calibration procedures, a high-precision
forward scattering visibility meter with lightweight design, low cost, integrated calibration function,
and online window contamination monitoring is proposed. The instrument simultaneously acquires
meteorological parameters—wind speed, precipitation, relative humidity, and temperature—and
employs a multiple linear regression model to dynamically compensate the inverted visibility values.
Long-term outdoor experiments demonstrate that the prototype’s 15-minute relative errors compared to
the Vaisala PWD50 are within 5%, #10%, and #15% for the 10-2 000 m, 2 000-10 000 m, and 10
000-25 000 m ranges, respectively. After environmental compensation, the overall error is reduced by
approximately 32%, and the coefficient of determination (R increases from 0.977 8 to 0.990 1. These
results verify that the sensor exhibits excellent stability and measurement accuracy under variable
meteorological conditions, , and can meet the high-precision application requirements of scenarios such
as automatic weather stations, offshore platforms, and traffic safety monitoring.

Keywords: visibility; forward scattering; high precision; error compensation; multiple linear regression
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Fig. 4 Hardware design block diagram of the emiting and receiving units
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Fig. 5 Block diagram of the power supply and controller
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Fig. 7 Physical on-site image of the prototype
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Fig. 9 Comparison of measurement data curves between the prototype and PWD50 (June 13-14, 2025)
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Fig. 10 Correlation and relative error distribution of measurement data from June 13 to 14, 2025
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Fig. 12 Comparison of relative error before and after visibility compensation from June 26 to 28, 2025

AU TR EEAMERIR A R, B AMERTI R IA V, SAME RV 20 S bR e UL
(Vg ) BEATXILE, 7R % (root mean square error, RMSE)  “FI455%F 1% % (mean

absolute error, MAE) . W& RE (R?) , PEAEM L WLE 1.

R 1 TREGENE X8 T HYEEE REXT tE
Table1 Comparison of model performance across different visibility ranges

fie WLEIX FEAZL RM SE/m MAE/m R
I /m MR M AMERT AMEE ERT AMEE
10~2 000 25 27.65 13.30 14.55 6.65 0.998 9 0.999 6
2 000~10 834 321.18 230.18 251.98 181.76 0.976 0 0.997 4
000
10 000~25 2021 975.68 652.55 786.99 526.10 0.9148 0.959 4
000
B 2 880 827.59 558.26 610.16 416.19 0.9778 0.990 1
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KL, WAL ITTERMEAMERRL, XM EUNE ST EIE, AW 3T T 0 Sk
JE AR 2 T

AT LS 45 TR, %AENLAE 10~2 0000 m. 2 000~10 0001 m A1 10 000~25 000L m
X3 ANAE L XA Py 0 5 2 0 4 AR 5% . 0% FIH5% LAY, IR B R e 4 A5
2R EL) 32%, o€ RECGLF] 0990 1, A RIE T AMERBIARIN B A TR AT I HER 1
[ETHEH o
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