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Abstract: In this decade, wind farms have piqued the interest of a significant number of scholars and policymakers 

all around the world. At the dawn of 21st century, researchers especially environmentalist are concerned about 

global warming, deterioration of climate, particularly ozone layer thinning. Today green energy is a need of hour. 

Quest for green energy has caused rapid growth of wind farm installations all over the world. Installations of wind 

farms obstructing line of sight of communication systems causes interference to receiver. The interference due to 

Doppler shift generated by the wind Farm having thousands of wind mills are a cause of concern for 

Communication systems. Specifically, wind turbines and its rotating blades cause adverse effects on the 

performance of such devices particularly radar. It can cause receiver saturation. The secondary data derived using 

primary measurement can go erroneous if primary data i.e. Doppler data is not corrected. It is pertinent to design 

a detector having robustness to interference. In this work, various thresholding algorithms are experimented and 

novel CFAR architecture is proposed and results are discussed. The performance of variability index CFAR and 

ordered statistics CFAR method are analyzed. Comparative analysis through the Receiver Operating 

Characteristics (ROC) is presented to understand the superiority of OS CFAR in the context of mitigation of 

interference caused by wind turbines /wind farms. Novel strategies for detecting and mitigating wind turbine 

clutter are addressed in this research article. Results are discussed in detail in further sections. 

Keywords: CFAR Processor, Doppler shift, Interference, Order Statistic, Wind Farms, Wind Mills, Wind 

Turbines, Wind Turbine Interference. 

 

1. Introduction 

An essential resource for a country's development is energy. Fossil fuel is predominantly consumed in the 

generation of conventional energy. It creates Environmental concerns, particularly global warming. Quest for non-

conventional energy sources has explored other forms of energy sources such and wind, solar bio fuels etc. The 

sources of conventional energy are depleting faster. Wind farms (both on-shore and off- shore) are witnessing   

faster growth over the decade. It has potential to   fulfil the need of clean energy. 

Renewable energy has a share of 32% of total electrical energy production in Germany with wind energy 

contributing about a third [1, 2]. The German legislation plans to further extend renewable energy and sets the 

target to generate 80% of electrical energy from renewable sources by 2050 [1, 2]. Wind energy generation is 

growing rapidly in India, US and EU nations. India has set a target of 60 GW for generation of wind energy 

whereas it has potential to generate 302 GW. [3, 4]. India is continuously increasing the capacity wind power 

generation [3, 4]. UK has issued specific guidelines to installation of wind farms. Almost all European countries 

are facing concerns while augmenting the renewable energy capacities. At the same time national security 

requirements can’t be compromised. Radars are extensively used for in airspace, air defence, tracking and 

surveillance, even for   weather forecasting applications. 

The development of several thousand MW of wind energy has been halted by the FAA and the DOD by refusing 

permissions for installation of new wind farms which are in line of sight of radars stations. A significant number 
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of these denials pose a concern to the country's mandated increase in the goal of sustainable energy. Wind Farms 

falling in the Line of sight of communication systems causes interference to communication systems, particularly 

radars. One particular class of radars, Doppler radars are severely affected. It causes Doppler shift in received 

signal. The secondary estimations based on primary data are distorted. The problem requires robust clutter 

mitigation algorithms. Any unwanted echo is referred as Clutter. Wind turbine interference degrades the detection 

capability, eventually saturating the receiver. Wind farms are easily recognized as real targets by weather radar 

due to their large radar cross section (RCS). The tower, nacelle, rotor, and fins are the parts of a wind turbine 

generating interference proportionately, as depicted in Figure 4.                                

Since the primary Doppler information is biased, the secondary moment’s data is affected. And thus  output of 

algorithms depending  on observations for quantitative precipitation estimation (QPE) can be biased if wind 

turbine clutter (WTC) interference  caused by the wind mill/ wind farms /wind turbines are not minimized [5, 6]. 

After detailed deliberations on interference components, attempts are made to develop an algorithm exploring 

these features. Subsequently various classifiers are analysed to see applicability and suitability. It is reported in 

one of the manuscript about fuzzy classification. Support vector machine (SVM) has unique ability to classify in 

homogeneous background. The SVM technique uses spectral properties to divide wind turbine interference data 

into two categories. Based on the moment estimates, it constructs the band pass filter. Brief of above work is 

discussed in subsequent section.     

The main contributions of this papers are listed below: 

Aim of this research proposal is to identify and refine detection   of moving objects among clutter generated by 

rotating blades of wind turbine by solving problems like desensitisation, shadowing effects, poor frequency 

resolution, clutter map. We have implemented CFAR algorithms and proposed OS CFAR assisted with variability 

index based Background estimation to improve quality in the context of wind turbine interference. The algorithm 

is simulated for various environmental conditions such as multiple targets situations, clutter edges, reverberation 

edges and for homogeneous and nonhomogeneous environments.  

Section II deals with   problem formulations  and their solutions reported in literature, section III deals with design 

methodology ,section IV deals with algorithmic developments to identify and mitigate clutter  caused by wind 

turbine interference  by improving probability of  detection  and finally section. Secondly, the detection algorithms 

are implemented and analysed for usefulness in case of detection problem suffered with interference from wind 

farm. The various CFAR algorithms including statistical methods such as OS CFAR are implemented and results 

are analysed for suitability in case of WTC. Section 5 deals with results and its analysis coupled with conclusion 

and reference used as above. 

2.   Literature Review   

In this section, the shadowing effect, desensitization effect are resolved by proposing a novel algorithm based on 

statistical attributes of data. Results are discussed in further sections for the OS CFAR coupled with background 

estimation based on variability Index. The current architecture adapts the detection threshold depending on the 

background environments.      

Wind farm consists of thousands of wind mills spread across wide geographical area in a specific spatial pattern 

.The purpose of distributing wind mills in a particular spatial pattern is to harness maximum wind energy  w.r.t. 

to Benz’s Law. Wind energy harvesting using wind farm/ turbine (WF/WT) is governed by Betz’s Law. WF/WT 

can capture 59.3% of kinetic energy of wind flowing. So the trend is to erect turbines taller and taller at specific 

geographical locations.Vestas wind mill has capacity of 8 MW each, having height of 200 mtrs and fin diameter 

of 164 mtrs. This is even bigger than A380 Aircraft. Cluster of WT forms wind farm. Wind turbine consists of 

stationary tower, Nacelle, Hub and Fins.  
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Figure 1.  Annual wind power generation: country specific.  [27, 2] 

Fig.1 depicts the annual production of wind energy. The growth rate is increasing every year.  The size of turbines, 

height of wind mill, locations of wind farms, directivity are the influential parameters governing the generation 

of wind energy form wind farms .The Kansas city wind farm covers 200 sq. miles of area [7]. The Benz’s Law 

governs the selection of site and directivity. Few of parameter such as height of wind turbines, radar cross section 

has dominating effect on wind energy generation as well the interference caused to communication systems. 

Particularly, more the height of wind turbines, more will be energy generated, also more will be interference 

caused to radar systems. The increasing size of rotating fins and height of the installation is increasing day by day, 

as it suffices the generation of larger wind energy as depicted in Figure 2. Today each wind mill can generate 8 

MW of energy [2]. This approach is resulting in greater susceptibility to radars. Radar cross section (RCS) of 

wind farm, particularly wind, mill, and then its constituent parts wind turbine, tower, nacelle, plays an important 

role in interference problem, particularly rotating blades.  Receivers are saturated because of the powerful 

reflections from the WT structure. Concerns are manifold. 

A basic wind turbine interference signal is mainly composed of reflections from three pieces of a wind turbine: a 

tower, fins, and a hub. The wind turbine’s immovable towers generate a zero velocity signal. Many features are 

investigated and examined, with a focus on temporal and spatial methodologies. Few of these are discussed 

further.  

 

Figure 2. Contextual evolution of wind Turbine [2] 

The Doppler spectrum consists of targeted reflections, interference from unintended objects such as wind mills, 

clutter from foliage, clutter generated from fixed targets, receiver noise, thermal noise, etc. The zero velocity filter 
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works on clutter generated from fixed targets. CFAR algorithm plays vital role in governing dynamic threshold 

with balance between Pd vs.Pfa for stated environment conditions as depicted in Figure 6.The receiver input is a 

composite signal. It can consists of reflections from combinations of homogeneous, non-homogeneous 

environment having reverberation edges.  

 
Figure 3. Signal Processor block diagram with CFAR  

 

CFAR processor is a backbone of adaptive threshold detection algorithm. The detector estimates background 

noise power by averaging the amplitudes of reference cells from input data. This estimated noise power Z is then 

multiplied with scaling factor T, which is a function of required probability of false alarm (Pfa). However, this 

method faces detection problem, particularly in two cases; clutter edge and multiple targets environment. 

We have analysed an automatic filtered cell averaging CFAR detector based on ordered data variability. Censoring 

technique uses variability index that distinguishes between homogeneous and non-homogeneous population. 

Ordered data variability based statistics has been used to determine set of ranked thresholds according to desired 

probability of false censoring [8, 9]. Main idea is based on selecting p lowest cells representing initial estimation 

of the background level. More generalized approach of OS scheme was proposed by You He [9, 10, 11], which 

combines cell averaging, with trimmed mean (TM) CFAR. An ordered reference cells in leading and lagging 

windows are trimmed at upper end and then the averaging of remaining cells is performed for background 

estimation. Another approach to this was added which discards the smallest cells T2 and greatest cells T2 before 

averaging. 

It has been suggested by U. Jie et al. [12] to use coherent accumulation for double threshold target detection. In 

this paper, we examine the properties of radar clutter distribution and a coherent accumulation technique for LSS 

target recognition in a complex electromagnetic environment. Dai et al. has discussed on interference mitigation 

[13]. In paper [14], they have proposed the Neural Network based CFAR. We note that conventional CFAR 

architecture requires modification since the maximum function is nonlinear. Based on second order neural 

networks, they have offered neural solutions [14]. It is claimed that with real-time operations, it can achieve 

reduced computational costs. 

Second group presents algorithms which are the combination of above mentioned approaches. He et al. [8, 9, 15, 

16] proposed ordered data variability CFAR technique which offers better false alarm regulation property with 

enhanced interference mitigation for large CNR situations. One of the advancement is ODV CFAR. Depending 

on the outcome of VI hypothesis test, the ODV CFAR dynamically shifts to one of CFAR algorithms, the lowest 

ranked cells, or the larger ranked cells CFAR. Reference [11] presents the model cell averaging trimmed mean 

(CATM) CFAR, which combines the methods of cell averaging and trimmed mean. 

Artificial intelligence based approaches are used to find small moving targets in areas with maritime congestion. 

In composite hypothesis testing situations, neural detectors are thought to be close to the Neyman Pearson criteria 

(NP). Constrained generalised likelihood ratio (CGLR) based sub optimal methods  together with Constant False 

Alarm Rate  and Doppler based  methods are  examined to have improved   signal to interference ratio as well as  

interference rejection.  
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Jing Liang has proposed usefulness of STFT to detect target obscured by foliage [17]. According to reference 

number such as [18], the small coherent processing interval makes it difficult to resolve the wind turbine micro 

Doppler signature. In actuality, the wind turbine clutter spectrum resembles a noise signal with a high zero Doppler 

return.  Jian Xue has proposed a prior knowledge of clutter locations can be can be utilized to improve detection 

performance [19], Further it can be extended to use locations of wind farm region to have localized adaptive 

threshold, rather than having a single threshold.  

It is further proposed to utilize multiple beam approaches and each beam should have distinct exclusive threshold. 

This approach can solve the cascading effect of background noise on threshold. In [20], Baiqiang Zhang has 

introduced Bayesian methodology. Baiqiang Zhang has proposed the use of weighted likelihood and its usefulness 

to devise a novel CFAR based on it [21]. 

Authors has proposed application of moment’s space to improve detection quality while keeping constant 

probability of false alarms [5]. In this context, they have proposed SM CFAR (statistical moments) CFAR. The 

procedure outlined for CFAR is based on estimation of boundary and detection of double threshold. Maokai Wu 

et al. has proposed two stage detection algorithm to identify suspicious targets in cluttered and as well as in 

Interference region [22]. In preprocessing stage, highly dominated regions of clutter and interference are identified 

in the range Doppler spectrum using artificial intelligence based algorithms such as CNN. In second stage i.e. 

target detection, extrenum algorithm is applied followed by a classifier algorithm. Atef Farrouki and others has 

proposed optimal selection of censored mean level proportional to the background environment [23]. This concept 

has potential to discard outlier from the data set. Tao Liu suggested using truncation to weed out any statistically 

significant outliers. Prior knowledge of the interfering targets is not necessary for this algorithm to function [11].  

Zhuhai Cao has advocated use of compressed sensing based CFAR to overcome shadowing effect in multi target 

scenario [24].  J. S. Ahmed has proposed estimator based on weighted likelihood [25]. It is effective in the 

estimating parameter of exponential distributions where a large portion of observations are outliers. This 

hypothesis fits in our case where reflections from rotating blades of wind turbine are vastly outliers for radar 

detection point of view and difficult to discriminate among the real targets of interests. 

The interfering targets are modeled and their effect is minimised using the Bayesian detector. In [20] authors has 

proposed usefulness of linear SVM in nonhomogeneous environment where clutter edges, reverberation edges 

and multiple targets are of concern. It is robust in above conditions. To detect targets in nongaussian noise, the k 

nearest neighbours (KNN) method is frequently utilised [26]. 

Literature survey has clearly pointed out that no specific solution does exist to carry out mitigation of wind turbine 

clutter in Radars. In future, Concurrent High and Low Beam Processing, Clutter Maps for each Doppler Filter, 

Enhanced Constant False Alarm Rate (CFAR) processing will see progress further. Even though Holographic 

Radar has claimed a total solution, it is a completely new systems and concept based on multiple projections. It 

can not be applied to existing radars. 

3.   Design Methodology  

 

Figure 4. Interference caused by wind turbines 
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Table 3: Comparative analysis of research papers 

 The interference by wind farms   causes shadowing effect. The interference by wind farms   causes shadowing 

effect, desensitization effect, poor visibility in cluttered regions, poor detection performance to list a few. Figure 

4 depicts interference caused by wind turbines. Several such are arranged in wind farm in a particular positions to 

harness and optimize generation of wind energy. Base equation governing the received contaminated returns fr is 

expressed below.  

       𝐹𝑟 =
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where  

fr denotes received signal  

ft denotes transmitted signal 

fd denotes Doppler returns from intended and unintended objects. 

4.   Proposed Algorithm 

Based on the requirements, the robust algorithm based on CFAR processor augmented with estimation of   

background environment using variability index is proposed as below.   

 

Ref  No. / Author Approach Observations 

Angulo I et al. [7 

&10], 

Two stage detection  Better detection capability in clutter 

edges.Processing delays, latency requires addressal 

W. Zhou et al.[28] Grubbs Criterion Ist stage: Background estimation, IInd stage: 

Thresholding. Used for background estimation 

Zhou et al.[5] Iterative process, Sorting 

and weighting average 

Ist stage: Sorting, IInd stage: Weighted average. 

Used for background estimation 

A. Farrouki et al.[14] Ordered Data Variability 

based censoring 

Ist stage : Censoring, IInd stage : Thresholding 

Zhao  et  al.[7] ODV based ODV detector performs better than that of the VI-

CFAR only when iinterfering targets are not 

confined to a single half of the reference window.  

Jie Yu et al.[10] Based on mean and variance Iterative  two stage process 

T. R. Saeed et al.[29] Use of classifier, SVM classifier used as feature extraction 

algorithm.The results shows the approach 

outperforms to the conventional classifer SVM by 

1.6 %.  Better to use in tracking phase. 

Bhang et.al.[18] Bayesian predictive Need tests w.r.t. wind turbine Interference 

B. Zhang et al.[19] maximum likelihood 

criterion 

Fits well in targets following weibull distribution 

with known shape parameters. 

Proposed ATI CFAR  

with  VI based 

Background 

estimation 

Proposed ATI CFAR  with  

variability index  based 

background estimation and 

censoring 

Performs better in multiple target situations. 

Can minimise outliers caused by wind turbine 

interference. 
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Figure 5. Flowchart of proposed algorithm  

When the environment is homogeneous, the cell averaging constant false alarm rate (CA CFAR) performs well; 

but, when there are presence of non homogeneity, such as spiky outliers, Interference, multiple closed targets or 

reverberation edges, etc. in reference window, its performance suffers. CFAR architecture is depicted in Fig. 7. 

The parameters that have been considered for simulation are given in Table 1.  The values of KVI and KMR are 

chosen such that it assures the VI hypothesis test of both the reference windows. 

 

Figure 6. Architecture of CFAR detector 

When there is no target [H0], signal detection consists solely of noise. When there is a target [H1], it consists of 

both signal and noise. The detection performance is determined by the probability of detection (Pd) and the 

probability of false alarm rate (Pfa). Noise estimation is obtained by calculating average mean of all reference cells 

as given in Eq. (2), 

                                                              (2) 

where N belong to number of reference cells and Xi is a reference cell at ith position. Being a function of probability 

of false alarm, threshold multiplier T is calculated as, 

                                                             (3) 

Pfa is a desired probability of false alarm.  

Hypothesis test for target detection can be given as, 
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                                  𝐻 = {
   𝐻1, 𝑖𝑓 𝑌 ≥ 𝑇,      𝑇𝑎𝑟𝑔𝑒𝑡  
    𝐻0, 𝑖𝑓 𝑌 ≤ 𝑇,     𝑁𝑜 𝑡𝑎𝑟𝑔𝑒𝑡

                                                                (4) 

                                                         

There are two situations that could occur when there is a change from a clean to a clutter region.When the test   

cell is in a clear location and the reference cell group is in a cluttered area, as in the first situation, the adaptive   

threshold floats above the noise 

floor which lowers the likelihood of false alarms and increases the likelihood of detection. In the second 

situation, the adaptive threshold is comparatively small due to clean background will affects the  likelihood of  

false alarm.Especially when the  set of reference cells are in a clear area while the Cell under test (CUT) is 

submerged in clutter even though guard cell are placed.  To increase the likelihood of a detection, the greatest of 

constant false alarm rate (GO CFAR) is suggested. It is attempted here to refine parameter to improve quality of 

detection. Few of the design parameter are listed as below.  

Table 1: Parameters for ATI CFAR 

No of range cells 50 

Pfa 10^-4 

K-VI 1.46 

K-MR 1.8060 

Reference window size  16 

 

Figure 7 describes architecture for one dimensional OS CFAR. This paper proposes CFAR Processor based on 

ordered statistics (OS CFAR) coupled with background estimation for wind turbine interference mitigation problem. 

It fares better across homogeneous and nonhomogeneous environment will multiple conditions such as multiple 

targets in   range cell etc.  However we have restrained ourselves from describing it in detail. 

 

Figure 7: Architecture for OS CFAR  

5.   Results 

From Literature survey, it is inferred that concerns of renewable energy   industry requires to be addressed to fulfil 

the societal need for energy in this 21st century. But in turn, there are various challenges that need to be address, such 

as interference with communication systems, receiver saturation, increased false alarms in radar, poor detection and 

tracking capability. Since Radars are used for various civilian and strategic purposes, ignorance can be catastrophic. 

One simple argument to justify above is stated below. Since the Doppler data is contaminated with interference from 
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wind farms, it affects the secondary moments data which are used to derive moments. These moments governs the 

weather forecasting parameter such rain rate, precipitation… For military requirements, since the detection process 

itself in question, the subsequent tracking of targets can be erroneous. The proposed algorithm is implemented in 

MATLAB software with system specification having windows 10 operating system, Intel Core i5 processor and 16 

GB RAM. The proposed method utilized a number of performance metrics to estimate the system performance. 

Performance is measured in terms of parameters like ROC curve, Pd, Pfa. Curve are plotted specifying their 

dependencies. The test conditions such as multiple targets, clutter edges, reverberation edges etc. evaluated for 

homogeneous environment conditions. Background estimation is obtained using special characteristics of variability 

index. Further the traditional CFAR and Ordered Statistics CFAR are implemented.  

Performance of CA CFAR, GOCA, SOCA and OS CFAR are compared over detection probabilities using ROC 

curve in all three environment such as uniform background, nonuniform background and interfering targets.  

 
Figure 8. Probability of detection vs signal to noise ratio 

 

 

                 Figure 9. ROC curve for ATI, CA and OS CFAR in a homogeneous environment. 

 

The results are obtained by using Monte Carlo simulation. Calculated values of VI and MR statistics are compared 

with thresholds KVI and KMR. As variability indices of both the reference windows are less than threshold value KVI 
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which is set to 1.46, hypothesis test shows each half of the reference cells is homogeneous. MR hypothesis find both 

windows have different means. Hence algorithm uses GOCA CFAR scheme to calculate adaptive threshold.The 

performance of detectors is analyzed by plotting a graph of detection probabilities of each detector to the designed 

SNR.The performances of detection probabilities of CA CFAR, GOCA, SOCA, and OS CFAR are compared in 

figure 8 for VI CFAR where as figure 9 and 10 shows detector performance for proposed ATI CFAR processor. 

When compared to CA CFAR, SOCA CFAR provides 58% Pd at 3dB SNR, while OS CFAR provides 66% Pd, 

which is 10% better than SOCA and over 20% better than CA CFAR. Hence algorithm uses GOCA CFAR scheme 

to calculate adaptive threshold. In a nonuniformly distributed noise over the length of reference windows, GOCA 

and SOCA performs better than CA CFAR, while OS CFAR detector detects target with Pd of 70%.  

The performance of ATI, CA, VI and OS CFAR in the presence of three interfering objects within the reference 

window is shown in figure 10.   ATI CFAR processor performs better in homogeneous environment compared to 

OS, VI and CA CFAR algorithms. 

 

  

Figure 10. ROC curve for ATI, CA, VI and OS CFAR for multiple targets conditions. 

 

6.   Conclusion 

An essential resource for a country's development is energy. Wind farms (both on shore and off shore) are 

witnessing faster growth over the decade. It has potential to fulfil the need of clean energy. With an emphasis on 

wind turbine clutter mitigation, the proposed method is devised with the expectation of improving detection 

capability in homogeneous environment condition.               

We have implemented cell averaging CFAR algorithms and proposed OS CFAR assisted with variability index 

based background estimation to improve quality of detection   in the context of wind turbine interference. The 

algorithm is simulated for various environmental conditions such as multiple targets situations, clutter edges, 

reverberation edges. Aim of this research work is to identify and refine detection   of moving objects among clutter 

generated by rotating blades of wind turbine by solving problems like desensitisation, shadowing effects. 

Shadowing effects are addressed by proper refining of parameters such as range cells, having localised thresholds, 

adaptive threshold based on background environment. 

It is observed that variability Index algorithm selects appropriate threshold routine based on the type of 

environment. The effectiveness of thresholding algorithms is examined in homogeneous environments 

for multiple targets   and clutter edges scenarios.   GOCA CFAR and SOCA CFAR improvises the performance 

in variable noise condition and interfering target situation respectively but GOCA fails to maintain false alarm at 

desired level. OS CFAR offers 63% detection probability where CA CFAR performs to 48%. Probability detection 

of detector increases as SNR is increases.   
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As per reference number [14], neural network based thresholding is proposed. Two stage detector process is also 

reported [12]. However it is observed that it is computationally heavy to implement neural network based detector 

or two stage detector on real time data. Table 3. shows comparative analysis. ATI CFAR processor performs better 

in homogeneous environment compared to OS, VI and CA CFAR algorithms. A robust classifier can be roped in 

the subsequent stages after centroiding.  

In future work, the computational complexity can be taken into account. Radar cross section is a dominant 

parameter which influences interference to communication systems. In future, proposed method can be applied 

on different environment conditions.  The wind turbine interference radar problem required efforts on larger scale 

with emphasis on specific requirements of systems and conditions in which it has to function.  A generous effort 

has been made to address the impending problem in the path of green energy. 

6.   Contributions   

This research work  conceptualization, methodology, software, validation, formal analysis, investigation, 

resources, data curation, writing, original draft preparation, writing , and editing, visualization, have been done 

by 1st  author. The supervision has been done by 2nd author and review and project administration have been done 

by 3rd author. 

7.   Approval 

The Research work is funded and approved.  

8.   Acknowledgement 

This work was supported by Centre of Excellence for signals and Image Processing. The author would like to 

express gratitude to Savitribai Phule Pune University (Formerly University of Pune) for raising academic research 

programme such as PhD and Masters. The authors are thankful to the Vice Chancellor, COEP Technological 

University, Pune (formerly College of Engineering, Pune, COEP) for their guidance and encouragement and 

information presentation. Ist author is a research student at COEP as Research centre under Savitribai Phule Pune 

University. The authors would like to thank the anonymous reviewers for their valuable comments and suggestions 

to improve this paper substantially. The authors also sincerely appreciate the  editor’s  responsible support.  

References 

[1] Germer, S., & Kleidon, A. (2019). Have wind turbines in Germany generated electricity as would be 

expected from the prevailing wind conditions in 2000-2014?. PloS one, 14(2), e0211028. 

[2] www.weforum.org/agenda/2022/11/renewable-energy-generation-soars 

[3] Chaurasiya, P. K., Warudkar, V., & Ahmed, S. (2019). Wind energy development and policy in India: A 

review. Energy Strategy Reviews, 24, 342-357. 

[4] www.windpowermonthlyevents.com/article/1366917/india-pledges-bold-60gw-wind-target. 

[5] Guillen, C., Chávez, N., & Bacallao, J. (2021). Radar detection in the moment’s space with constant false 

alarm rate. Digital Signal Processing, 114, 103080. 

[6] Isom, B. M., Palmer, R. D., Secrest, G. S., Rhoton, R. D., Saxion, D., Allmon, T. L., ... & Vogt, R. (2009). 

Detailed observations of wind turbine clutter with scanning weather radars. Journal of Atmospheric and 

Oceanic Technology, 26(5), 894-910. 

[7] Angulo, I., De La Vega, D., Cascón, I., Canizo, J., Wu, Y., Guerra, D., & Angueira, P. (2014). Impact 

analysis of wind farms on telecommunication services. Renewable and Sustainable Energy Reviews, 32, 

84-99. 

[8] Zhou, W., Xie, J., Li, G., & Du, Y. (2017). Robust CFAR detector with weighted amplitude iteration in 

nonhomogeneous sea clutter. IEEE Transactions on Aerospace and Electronic Systems, 53(3), 1520-1535. 

[9] Zhao, J., Tao, R., & Wang, Y. (2006). A new CFAR detector based on ordered data variability. In First 

International Conference on Innovative Computing, Information and Control-Volume I (ICICIC'06) (Vol. 

2, pp. 628-631). IEEE. 

[10] Ivkovic, D., Andric, M., & Zrnic, B. (2014). A new model of CFAR detector. Frequenz, 68(3-4), 125-136. 

https://www.weforum.org/agenda/2022/11/renewable-energy-generation-soars/
http://www.windpowermonthlyevents.com/article/1366917/india-pledges-bold-60gw-wind-target


Tuijin Jishu/Journal of Propulsion Technology 

ISSN: 1001-4055 

Vol. 45 No. 2 (2024) 

__________________________________________________________________________________ 

2840 

[11] Liu, T., Yang, Z., Marino, A., Gao, G., & Yang, J. (2020). Robust CFAR detector based on truncated 

statistics for polarimetric synthetic aperture radar. IEEE Transactions on Geoscience and Remote 

Sensing, 58(9), 6731-6747. 

[12] Yu, J., Liu, Y., Bai, Y., & Liu, F. (2020). A double-threshold target detection method in detecting low slow 

small target. Procedia Computer Science, 174, 616-624. 

[13] Dai, J., Han, Z., & Zhang, F. (2012). Research on the Interference Cancellation Based on Adaptive 

Algorithms. International Journal of Intelligent Engineering and Systems, 5, 18-25. 

[14] Wang, L., Tang, J., & Liao, Q. (2019). A study on radar target detection based on deep neural 

networks. IEEE Sensors Letters, 3(3), 1-4. 

[15] He, Y., Yao, Q., & Jian, T. (2011). A modified robust CFAR detector. In Proceedings of 2011 International 

Conference on Electronic & Mechanical Engineering and Information Technology (Vol. 9, pp. 4439-

4442). IEEE. 

[16] Farrouki, A., & Barkat, M. (2005). Automatic censoring CFAR detector based on ordered data variability 

for nonhomogeneous environments. IEEE Proceedings-Radar, Sonar and Navigation, 152(1), 43-51. 

[17] Liang, J., & Liang, Q. (2010). Sense-through-foliage target detection using UWB radar sensor 

networks. Pattern Recognition Letters, 31(11), 1412-1421. 

[18] Li, K. Y., Uysal, F., Pillai, S. U., & Moore, L. J. (2012). Modified space-time adaptive processing for 

dismount detection using synthetic aperture radar. In 2012 IEEE Radar Conference (pp. 0116-0121). IEEE. 

[19] Xu, D., Addabbo, P., Hao, C., Liu, J., Orlando, D., & Farina, A. (2021). Adaptive strategies for clutter edge 

detection in radar. Signal Processing, 186, 108127. 

[20] Zhang, B., Xie, J., & Zhou, W. (2020). A Bayesian CFAR detector for interference control in Weibull 

clutter. Digital Signal Processing, 104, 102781. 

[21] Zhang, B., Zhou, J., Xie, J., & Zhou, W. (2021). Weighted likelihood CFAR detection for Weibull 

background. Digital Signal Processing, 115, 103079. 

[22] Wu, M., Zhang, L., Niu, J., & Wu, Q. J. (2021). Target detection in clutter/interference regions based on 

deep feature fusion for HFSWR. IEEE Journal of Selected Topics in Applied Earth Observations and 

Remote Sensing, 14, 5581-5595. 

[23] Farrouki, A., & Barkat, M. (2007). Automatic censored mean level detector using a variability-based 

censoring with non-coherent integration. Signal processing, 87(6), 1462-1473. 

[24] Cao, Z., Li, J., Song, C., Xu, Z., & Wang, X. (2021). Compressed sensing-based multitarget CFAR 

detection algorithm for FMCW radar. IEEE Transactions on Geoscience and Remote Sensing, 59(11), 

9160-9172. 

[25] Ahmed, E. S., Volodin, A. I., & Hussein, A. A. (2005). Robust weighted likelihood estimation of 

exponential parameters. IEEE Transactions on reliability, 54(3), 389-395. 

[26] Coluccia, A., Fascista, A., & Ricci, G. (2020). A k-nearest neighbors approach to the design of radar 

detectors. Signal Processing, 174, 107609. 

[27] Auld, T., McHenry, M. P., & Whale, J. (2013). US military, airspace, and meteorological radar system 

impacts from utility class wind turbines: Implications for renewable energy targets and the wind 

industry. Renewable energy, 55, 24-30. 

[28] Zhou, W. Xie, J., Xi, K. and Du, Y. (2018). Modified cell averaging CFAR detector based on Grubbs 

criterion in non-homogeneous background, IET Radar, Sonar and Navigation, 13(1), 104-112. 

[29] Saeed, T., R., Al-Muifraje, M., H., Sadah, J., A., and Abed, A., N. (2019). Moving Target Tracking and 

Classification Based on Micro-Doppler Signatures, International Journal of Intelligent Engineering and 

Systems, 12(3), 118-128. 

[30] Danoon, L., & Brown, A. (2018). Reducing the effect of offshore wind farms on the REWS CFAR detection 

threshold. In 2018 22nd International Microwave and Radar Conference (MIKON) (pp. 123-126). IEEE 

[31] Mata-Moya, D., del-Rey-Maestre, N., Pelaez-Sanchez, V. M., Jarabo-Amores, M. P., & Martin-de-Nicolas, 

J. (2015). MLP-CFAR for improving coherent radar detectors robustness in variable scenarios. Expert 

systems with applications, 42(11), 4878-4891. 



Tuijin Jishu/Journal of Propulsion Technology 

ISSN: 1001-4055 

Vol. 45 No. 2 (2024) 

__________________________________________________________________________________ 

2841 

[32] Laroussi, T., Barkat, M., & Benadjina, N. (2008). Performance analysis of TM-CFAR detection in time 

diversity systems for pulse-to-pulse correlated targets in presence of clutter edges and outlying targets: A 

comparison through extensive simulations. In 2008 IEEE Radar Conference (pp. 1-6). IEEE. 

[33]  Zhou, W. Xie, J., Xi, K. and Du, Y. (2018). Modified cell averaging CFAR detector based on Grubbs 

criterion in non-homogeneous background, IET Radar, Sonar and Navigation, 13(1), 104-112. 

[34] K. Donald, The Art of Computer Programming, vol. 3, Addison-Wesley, Boston, 1998. 

[35] M.A. Richards, Fundamentals of Radar Signal Processing, 2e, Tata McGraw-Hill Education, 2005. 


