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Abstract— Several algorithms suggested to maintain constant false alarm rate (CFAR) in various RADAR environments, such as closely multiple target situations and clutter edge environments, have been proposed but rarely consider closely multiple targets inside clutter clouds, which represent the worst radar environment. The variable index VI-CFAR detector that combines CA-CFAR, GO-CFAR, and SO-CFAR shows good performance in homogeneous environments, but they are not successful in inhomogeneous environments since they have no spike rejecting algorithm, which makes them unsuitable for real-time radar applications. In order to overcome this problem, a new algorithm of the maximum spike subtraction–constant false alarm rate (MSS-CFAR) family is used to construct the maximum spike subtraction variable index MSSVI-CFAR. The proposed method is combined with the variable index algorithm to adapt to all radar environments.
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I. Introduction  
Target detection in the radar receiver depends on the presence of clutter edge and multiple interfering targets spikes. Therefore, in order to achieve a constant false alarming rate (CFAR) and maximum probability of target detection, the high amplitude sample signal (spikes) must be eliminated from CFAR reference window. that spikes come from interfering targets or unwanted echoes (clutter) from the ground, sea, rain or chaff and other electromagnetic wave reflecting source intercept the echo signal of the desired target The ordered statistic OS-CFAR suggested to overcome the problem of multi interfering target to maintain the constant false alarm rate (CFAR), this method arrange the noise samples in ascending order and choose one sample as an estimate for the background noise, the rank of the chosen sample equal to the subtraction of prior known number of targets from the overall number of the ordered samples [1].  The OS-CFAR algorithm can't deal with the clutter spikes. Other algorithms such as censored mean level detector CMLD-CFAR did not consider all radar environments, these algorithms show better performance in clutter edge or multi target, but it required robust algorithm to extract the target when both environments of multi target and clutter edge appear together. The other methods that suggested after OS-CFAR and CMLD-CFAR used very complicated hardware and therefore need high processing time. The variable indexed VI-CFAR used a statistical criteria to switch among CA, GO and SO-CFAR to deal with all radar conditions and environments. Also, to subtract the clutter spikes and interfering target spikes MSS-CFAR family constructed. 
II. the main Problem.
There are three radar environments which are homogeneous environments and non-homogeneous environments and non-uniform environments, the homogeneous environments assume that all samples in the reference windows  have the same statistics, when clutter cloud appear in the reference window caused the sudden rise in the CFAR threshold level this is called non homogeneous environments and finally when multiple interfering targets spikes appear in the reference window also will make sudden arise in CFAR threshold value and this situation called non uniform environments. CFAR designed to work effectively in homogeneous environments and need special design to deal with other environments, the clutter edge spike samples and multiple interfering spike samples are the main reasons for not achieving an accurate threshold assumption that causes many false alarm detections of targets therefore, the spikes must be treated and eliminated in order to have good assumption for background noise [1][2][3].
III. the purpose of CFAR                                                                                                                                               
The aim of CFAR is to adjust threshold level in order to maintain the maximum probability of detection in radar receiver system while false alarm rate remain constant. Since the clutter-plus-noise power is not known at any given location, a fixed-threshold detection scheme cannot be applied to detect the targets echo signal from the radar returns in individual range cells if the false alarm rate is to be controlled. Adaptive threshold automatically established by a CFAR processor that making decisions regarding signal-and-noise situation as conveyed to its input data derived from the radar receiver. The adaptive threshold processor provides the advantage of the lowest CFAR loss when the actual interference environment closely matches the design environment. This advantage has made the adaptive threshold CFAR processor to be most widely used of all the various CFAR processing types [1][2][3].
IV. CA-CFAR family algorithm 

When a Gaussian noise was passed through a narrow band filter at the intermediate frequency followed by an envelope detector followed by a threshold circuit in which the output of the envelope detector is compared to a predetermined threshold. Then the probability of the envelope of the noise voltage output as a random variable, Then the probability of false alarm can be defined as the probability of the noise voltage envelope exceeding the threshold voltage. The false alarm rate is very sensitive to the ratio between the threshold level and the noise or clutter level. If the returns from a given pulse are detected in a square-law detector then the output voltage will be proportional to the input signal power and the probability density function at the output of the envelope detector will be exponential[1][2][3]. 
 In CA-CFAR system, the threshold adjustment for a specific is based on average detected input from its neighboring cells, to estimate the background noise, the cell averaged CA-CFAR takes the average of reference cells or resolution cell (in range, Doppler or both).  And in order to treat the clutter edge situations and multiple interfering targets new modifications to the original CA-CFAR algorithm were made. In the same sweep or scan this method works well when the background is homogeneous over the range or Doppler, or both. When the background is not homogeneous, when there is clutter edge or non-uniform background with multiple interfering targets,  in order to deal with the interfering targets, the smaller-of (SO) CFAR is designed to improve target detection in the existence of multiple targets a by splitting the reference window into leading and lagging and then selecting the part with a smaller sample sum for threshold computation, but SO-CFAR performance degraded in clutter edge environments. To avoid false-alarm caused by a clutter edge, the greater-of (GO) CFAR is designed by selecting the part with a greater sample sum [3].             
                      
V. Structure of MSS- CFAR algorithm 

The common problem that prevents CFAR from detecting targets is the presence of clutter spikes and multi interfering targets spike, therefore MSS-CFAR structured to excise these spikes from CFAR reference windows to give better noise background estimation and that will enhance primary target detection. Fig.1 shows that MSS-CFAR family design process is done by three stages. The first one, is the CFAR detection scheme as the detected range samples are sent serially into a shift register of the length M+1 window which contain M/2 leading reference cells and M/2 lagging reference cells and the cell under test.  This window moves along the time duration between two pulses until the entire cell tested. The second stage is two parallel processing circuits [3][4][6][7].
     In the second stage there is summing process circuit for the leading and the lagging windows. This process is synchronized with the other processing circuit which is the maximum sample lock circuit in the leading and the lagging window that select the maximum sample from leading and lagging window. The maximum value will be subtracted from the sum of samples in each window. In the third stage the average the result of leading and lagging window Is taken, then MSS CA-CFAR constructed, if the greater from leading and lagging taken than MSS GO-CFAR constructed and if smaller taken the MSS SO-CFAR constructed [3]. 
[image: image1.png]Cell under test

Input
Stage @ 4 samp | Sauare low

—>| detector [~ Y| Comparator

Mi2+1 M2

=2
o
2
2 1 w) |faggin Leading
g Stage (ID) Lock circuit Summing Summing
» 2.
Q @
3 ! ! Adaptive
A Subtractin threshold
- L Subtracting
H
Z I I
E Averaging Averaging
Stage (IIT) L Select Mod J ¢
‘maximum
minimum l
average

2 =





Fig.1 MSS-CFAR family 
VI. Theory of VI-CFAR
Variability‐index CFAR (VI‐CFAR) dynamically switches between CA‐CFAR, SO-CFAR, and GO‐CFAR depending on the mean and the distribution of the cells in the leading and the lagging windows [5][6]. This approach captures the particular advantages of each of the three CFAR approaches while avoiding their respective weaknesses. For each of the leading window and the lagging window, the mean and the variability index are computed in order to switch the proper CFAR method. The greater the variability index, the greater is the variability relative to the magnitude of the reference cells. When, for instance, a leading window contains targets with high power, the variability would weigh differently.
Table 1: VI‐CFAR decision logic
	Leading

Variable?
	Lagging

Variable?
	Different
Mean?
	Adaptive
threshold
	CFAR
Method 

	No 
	No 
	No 
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ΣAB 
	CA

	No 
	No 
	Yes 
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∙ max (ΣA, ΣB)
	GO

	Yes 
	Yes 
	----
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ΣB
	CA

	No 
	Yes 
	----
	[image: image9.png]


ΣA
	CA

	Yes 
	Yes 
	----
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(ΣA, ΣB)
	SO


  The variability index is calculated by this equation [5]:
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                           (1)
Here, [image: image14.png]


is the power of reference cell with rank i. The summation is taken over all cells Xi of either the leading or the lagging window [5][6]. Once VI is computed, the algorithm then decides whether the leading and/or the lagging windows are variables. If the variability index is smaller than the variability index constant[image: image16.png]


, then the window declared not variable. If the variability index is larger than[image: image18.png]


, then the window declared variable.
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: Non-homogeneous                (2)      
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 is a threshold. The mean ratio (MR) is a measure of how different the leading(A) and lagging(B) window means are. It is computed as a ratio of the summations of the reference cells of each window
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                                     (3)
If MR falls within the bounds defined by the mean ratio constant, [image: image28.png]


, then the leading and lagging window means are declared the same [5][6]. The decision-making procedure to select the proper method for every calculated environment is shown clearly in Table 1. 

VII. mss-cfar theory                                           
MSS-CFAR family importance in a clutter area is to detect targets, for the number of refrence cells M and since only maximum spike excised from leading window and also maximum spike excised from lagging window then the number of targets J=2 (or could be maximum noise Sample in no target condition) are excised from the window the new Window size that used for threshold estimation will be:                              
  S=M-J                                                    (4)                                                                        

As  J=2  always for MSS-CFAR family:-

 S=M-2                                                    (5)                                                                                        

Recalling the  CA-CFAR theory then
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 (α, M) =[image: image32.png](145



                        (6)                                                                                                                                                       

 The equation of probability of false alarm for MSSCA-CFAR will be in terms of S instead of M [3].
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                               (7) 
VIII. MSSVI-CFAR

Although the VI statistic, by itself, is unable to discriminate between the different distributions, it is still effective in determining homogeneity versus non-homogeneity in a given non-Gaussian environment. There are some weak points in this idea despite the complicated mathematical approach that is very difficult to be implemented. It is based on the assumption that there will be interfering targets or clutter edges only in one split of the reference window. If there are interfering targets and clutter edges in the two splits of the leading and lagging windows, the whole algorithm will be ineffective [4][7]. Modification on VI-CFAR is suggested to use the maximum spike subtraction CFAR (MSS- CFAR) family to construct new maximum spike subtraction variable index MSSVI-CFAR processor that employs a dynamic background estimation by censoring the maximum spike from leading and lagging window algorithm to predict the non-homogeneity of background. The suggested method shown in table two.
Table 2: MSSVI‐CFAR decision logic
	Leading

Variable?
	Lagging

Variable?
	Different

Mean?
	Adaptive

threshold
	CFAR

Method 

	No 
	No 
	No 
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ΣAB 
	MSSCA

	No 
	No 
	Yes 
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∙ max (ΣA, ΣB)
	MSSGO

	Yes 
	Yes 
	----
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ΣB
	MSSCA

	No 
	Yes 
	----
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ΣA
	MSSCA

	Yes 
	Yes 
	----
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(ΣA, ΣB)
	MSSSO


IX. Matlab simulation and  Test model 

The test model in Fig.2 shows That there is five multi-targets is inside the clutter cloud, the clutter cloud has 15 dB and there are also closely targets which are located in many places in the noisy signal which are 20dB at 40th and 50 dB at 50th and 30 dB at 45th and 55th cell positions from 100th to 200th cell clutter cloud which include five Targets (two 30dB, to 40dB, 70dB) respectively, and there is one target 40 dB Magnitude at 230th cell  between two targets with 20dB magnitude locations 225th and 235th cell respectively[3][7].
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Fig.2 test model
And when applied CA-CFAR and VI-CFAR to the test model the response will be as shown in Fig.3, that shows clearly that both methods miss all targets except the strongest one.
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Fig.3 VI-CFAR and CA-CFAR response to test model M=32. 
X. MSSVI-CFAR  algorithm  response
By applying the MATLAB simulation of MSSVI-CFAR to the MATLAB test model, the response shows that it can detect all targets easily and also detect the two edges of the clutter cloud successfully as shown in theFig.4, while, VI-CFAR could not detect all targets as shown in Fig.3.
[image: image48.emf]0 50 100 150 200 250 300

-20

-10

0

10

20

30

40

50

60

70

number of cells

magnitude(db)


Fig.4 MSSVI-CFAR response, M=32   
XI. Result and discussion .

Simulation results shows that all targets detected by MSSVI-CFAR that used MSS-CFAR family and shows more efficient response than VI-CFAR that depends on the CA-CFAR family, and also the simulation shows that the MSSVI-CFAR adapted easily with all possible radar environments.

XII. Conclusion.

The spike excise circuit used to construct the new MSSVI-CFAR algorithm, another method to improve VI-CFAR by using ordered statistics OS-CFAR and choosing the greater of ordered statistics OSGO-CFAR in order to avoid clutter effect [8], but that method high computational time to sort the samples that is not practical and require a complicated hardware and more expensive as radar signal processors for real time radar applications.
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