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高頻長程波流雷達
波浪反演算方法的改善
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長程岸基波流監測網概要：
• 監測範圍涵蓋達628平方公里，空
間解析度200公尺。

• 資訊包含波浪、海流與風等。即時
資料將應用於海洋污染物擴散監控、
海上搜救的漂流追蹤、以及危險海
象警示等層面，

• Lagrangian

Extrapolation瞬變海
象預警需求



桃園永安觀測站與棧橋意象圖



桃園永安觀測站與棧橋意象圖



本研究資料來源：
港灣技術研中心台中港雷達
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Doppler Range Spectrum from LERA system
Raw Data (16 antennas)

IQ + Blackmanharris + The 1st FFT

The 1st FFT + Blackmanharris + The 2nd FFT

The 2nd FFT + Hamming + Conventional 
Beamforming

Extract D-R spectrum






(Wei Shen, et al., 2011)

Noise level
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Retrieval of Significant Wave Height

(Method A: Barrick, 1977)

H𝑟𝑟𝑟𝑟𝑟𝑟 =
𝜉𝜉
𝑘𝑘0

2∫𝑆𝑆 ⁄𝜎𝜎 𝜔𝜔 − 𝑁𝑁 𝑤𝑤 (𝜂𝜂)𝑑𝑑𝜔𝜔

∫𝐹𝐹 𝜎𝜎 𝜔𝜔 − 𝑁𝑁 𝑑𝑑𝜔𝜔

⁄1 2

(Method B: Heron & Heron, 1998)

𝝃𝝃 is the scaling factor, (𝝃𝝃 =0.551 in Heron & Heron , 1998),
N is the background noise

H𝑟𝑟𝑟𝑟𝑟𝑟 =
1
𝑘𝑘0

2∫−∞
∞ 𝜎𝜎 2 ⁄𝜔𝜔 𝑤𝑤 (𝜂𝜂)𝑑𝑑𝜔𝜔

𝜎𝜎 1 −𝜔𝜔𝐵𝐵 + 𝜎𝜎 1 𝜔𝜔𝐵𝐵

⁄1 2



(Summer)

Inter-Comparison of Wave height (𝜉𝜉 = 0.551)



The Comparison of Wave height in TC

TS. DANASUnder 
estimation

The influence of radio 
noise interference

(𝜉𝜉 = 0.551)



This figure illustrates the effect of varying the wave-to-radar look angle, θw, to wave
parameters estimated from simulated Doppler spectral. (a) and (b) show the sensitivity test
of Hs using Barrick’s (1977) and Heron & Heron’s (1998) formula (𝝃𝝃=0.551), respectively. In
which, the wind speed is in the range of 5 to 15 m/s; the non-dimensional fetch, �χ = 104 ;
and the radar frequency equal 27.75 MHz.

(E2E simulation data)
Error is a function of  the 𝜽𝜽𝒘𝒘



Hs was estimated by using 
Barrick’s formula (1977)

Hs was estimated by using 
Heron & Heron’s formula (1998)

Left panel, it is more scatter, and quite
strong linear relationship between
estimated and in-situ measurements.

Right panel, it is less scatter those of right
panel, and strongly linear relationship
between estimated and in-situ measurements.

Is the scaling factor a constant? 



New regression of 𝝃𝝃 as function of 𝜽𝜽𝒘𝒘

We proposed that, 𝝃𝝃 is the cosine function of θw, as follows:
𝝃𝝃 = a*sin(θw) + b

with a = 0.102, b = 0.8



Inter-Comparison of Significant Wave height
(after using the proposed formula for correcting wave height)

(Spring)



Inter-Comparison of Significant Wave height
(after using the proposed formula for correcting wave height)

(Summer)



Inter-Comparison of Significant Wave height
(after using the proposed formula for correcting wave height)

(Autumn time)



The sea-state 
under the 

influence of 
TS. DANAS











The Relationship between wind speed and 
wave parameters

+ Significant wave height is in proportion to the square of wind speed, and can be

expressed as (Tien et al, 2020):

+ Wind speed can be estimated from significant wave height and peak period

(Dexter and Theodorides, 1982):

U𝑤𝑤 = 𝑎𝑎
H𝑆𝑆
2

𝑔𝑔T𝑝𝑝3
(5)

𝐻𝐻𝑟𝑟 = a𝑈𝑈𝑤𝑤2 + 𝑏𝑏 (4)

+ Wind speed can be estimated from significant wave height and mean period:

U𝑤𝑤 = 𝑎𝑎
H𝑆𝑆
2

𝑔𝑔T𝑟𝑟3
(6)



The Relationship between wind speed and wave parameters 
(testing in In-situ data)

Here, In-situ wave and wind
parameters were measured
by an AWAC, and an wind
gauge, respectively.

Wind speed, which is in the function of significant wave height and mean period,
provided the lowest value of scatter indexes (RMSE & SI)



TS. DANASST. LEKIMAST. TAPAH

Inter-Comparison of Wind speed 
(under Typhoon conditions)



Concluding Remarks

21

• The quality of retrieved wave height is improved by
using the proposed function of 𝜉𝜉, which depends on the
the angle between radar beam and Bragg wave direction
(short wave direction).

• The comparison results demonstrated that the
27.75MHz LERA system is capable of providing the
measurement of wind speed under the condition of
Tropical storms.
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