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Abstract. A multi-strategy switching variability index CFAR (MSVI-CFAR)

detector is proposed to further the capability of radar target constant false alarm

detection in complex backgrounds. The detector can estimate the clutter background

in the reference window. It adaptively selects the optimal detection strategy from

the cell-averaging CFAR (CA-CFAR), greatest-of CFAR (GO-CFAR), switching

CFAR (S-CFAR), and ordered statistic with cell averaging CFAR (OSCA-CFAR).

The results indicate that MSVI-CFAR is beneficial to the detection of SVI-CFAR

in the background of uniform background, clutter edge, and multi-target interference

and has less CFAR loss and more robust anti-multi-target interference performance.

Keywords. Multi-strategy constant false alarm; Adaptive detection; Target

detection

1. Introduction

In modern radars, target detection is usually carried out automatically. Generally, the

average power level of clutter is variable and unknown, which requires a constant false

alarm detection technology that can adjust the threshold adaptively according to the

clutter environment [1]. The traditional mean level (ML) class CFAR and the ordered

statistics CFAR (OS-CFAR) [2], as the most classical constant false alarm detectors, are

often selected. ML-CFAR mainly includes cell-averaging CFAR (CA-CFAR) [3],
greatest-of CFAR (GO-CFAR) [4], and smallest of CFAR (SO-CFAR) [5]. The detection

probability of CA-CFAR is optimal in the homogeneous clutter environment, but when

the interference is more and the background clutter is more complex, its performance is

seriously degraded, and the target is easily obscured. OS-CFAR and SO-CFAR can

maintain good performance when dealing with multiple interference targets. However,

OS-CFAR will lead to too long data processing time due to the need for sorting, and

there is a certain CFAR loss in a uniform environment. SO-CFAR detection performance

deteriorates when there is interference in both front and rear sliding windows. GO-CFAR

can suppress the false alarm peak in clutter edge background, but it is not good for the

performance of multi-target background detection. In the actual environment, the radar

background is often very complex, not a uniform background or a specific interference
situation, but a non-stationary environment that changes all the time. Simply using a

traditional CFAR can no longer meet the needs of target detection in a complex

environment but should be targeted at different cluttered background environments.
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Flexible selection of multiple CFAR strategies is adopted to improve detection

probability. Smith and Varshney [6] proposed the variable index CFAR (VI-CFAR)

detector, which laid a theoretical foundation for the subsequent multi-strategy CFAR

detection. The algorithm is applicable in uniform and clutter edge environments but not

in multi-target environments. Li et al. [7] replaced SO-CFAR in the VI-CFAR detector

with S-CFAR [8,9] and proposed the switching variability index constant false alarm rate

(SVI-CFAR) detector. It improves the performance of VI-CFAR in multi-target

environments where interference occurs along both the front and rear sliding windows,

but it uses half-window CA-CFAR, which brings additional detection loss.

In this paper, an improved multi-strategy MSVI-CFAR detector is proposed based

on the advantages of S-CFAR and OSCA-CFAR [10] for complex clutter environments

such as non-uniform and multi-target. The experimental results indicate that MSVI-
CFAR maintains the robust performance of VI-CFAR well in uniform environments and

clutter edge backgrounds and also performs well in multi-interference targets.

2. MSVI-CFAR Detector Design and Parameter Setting

2.1. SVI-CFAR detector

The SVI-CFAR detector replaces SO-CFAR of VI-CFAR with S-CFAR to solve the

problem of multi-target interference. VI is calculated to determine whether the

background clutter environment of the front and rear sliding windows is uniform. Then

the mean value of the front and rear sliding windows is the same according to the value

of MR. Then the CFAR strategy is selected according to the different combinations of

VI and MR.
The two statistics, VI and MR, are defined as follows:
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In the formula, y  is the arithmetic average of the semi-reference sliding window,

� �1,2, , 2iy i N� �  is the i  sampling value in the reference sliding window, 2N  is the

reference sliding window length, �̂  and
2�  are the mean and variance of the sample

respectively. AY  and BY  are the sample means of the front and rear sliding windows,

respectively. By comparing the VI value and threshold VI
K , a judgment is made on

whether the front and back sliding windows are in a uniform environment. The

hypothesis test formula is as follows:

VI

VI

VI Homogeneous environment

VI Nonhomogeneous environment

K

K

� ��
� � ��

(3)

C. Liu et al. / Multi-Strategy Constant False Alarm Rate Detector in Complex Backgrounds78



By comparing the values of MR  with the thresholds
1

MRK



 and MR
K , a decision is

made on whether the sliding window means are equal. The ruling formula is as follows:
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The corresponding error probability is:
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 � � (6)

where 0
�  is the error probability that the uniform environment is judged to be non-

uniform, and 0
�  represents that the mean values of the front and rear sliding windows

are judged to be different in the uniform environment. According to whether the clutter

of the front and rear reference windows is uniform and whether the mean is the same,
one of CA-CFAR, GO-CFAR, and S-CFAR is selected adaptively for target detection.

2.2. MSVI-CFAR detector design

Although SVI-CFAR improves the detection performance of VI-CFAR when there is

multiple  interference  in  two  sliding  windows  at  the  same  time,  SVI-CFAR  only  uses

half-window CA-CFAR for clutter background estimation when there is interference in

only one sliding window at the back, which will cause additional CFAR loss. On the

other hand, the detection performance of SVI-CFAR decreases in the multi-interference

target environment. MSVI-CFAR is proposed on the basis of SVI-CFAR and VI-CFAR.

Figure 1 shows the block diagram, and the specific CFAR strategy selection method is

shown in Table 1.
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Figure 1. Structure of MSVI-CFAR detector
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Table 1. Multiple-strategy selection method of MSVI-CFAR detector

Leading

window

variable

Lagging

window

variable

Different

means?

MSVI-CFAR

Adaptive threshold

Equivalent

CFAR method

Yes Yes Yes N AB
C � CA-CFAR

Yes Yes No � �2
max ,N A B

C � � GO-CFAR

No Yes - sT S-CFAR

Yes No - sT S-CFAR

No No Yes � � � �� �OSCA A BT y k y k	 OSCA-CFAR

No No No sT S-CFAR

2.3. MSVI-CFAR detector parameter selection

The MSVI-CFAR detector adopts the same adaptive selection strategy as the VI-CFAR

detector. That is, CA-CFAR, GO-CFAR, S-CFAR, or OSCA-CFAR detection

algorithms are selected according to different scenarios. In Table 1, the improved MSVI-

CFAR selects different CFAR strategies from adaptation according to statistics VI and

MR of the clutter interference environment in the front and rear windows. NC  is the

threshold factor of the entire sliding window, 2NC  is  the  threshold  factor  of  the  half

window,
AB

�  is the estimated sum of the entire reference unit sample,
A

�  is the

estimated sum of the front sliding window sample,
B

�  is the estimated sum of the back

sliding window sample, sT  is the detection threshold of S-CFAR, OSCAT , � �Ay k , and

� �By k  are the k -th value of OSCA-CFAR's threshold factor and the order of the front

and rear sliding windows, respectively. The specific parameters are set as follows:

In the heterogeneous environment, corresponding to the first row in Table 1, both
the front and rear sliding windows are uniform and have the same mean value. In this

case, CA-CFAR is selected as the detection method to estimate the entire reference unit

to achieve the best detection performance. The parameter values are calculated in

Formulas (7) and (8).
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In the clutter edge scenario, corresponding to the second row in Table 1, the front

and rear sliding windows are uniform but have different mean values. Hence, the GO-

CFAR strategy can maintain good false alarm control ability. By comparison, GO-CFAR

selects the larger value of the sum of samples in the front and back sliding windows as
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the estimate of background clutter, that is, � �max ,
A B

� � . Formulas (9) and (10) show

the specific parameter values.
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When there is interference on only one side of the current rear sliding window, that

is, corresponding to the third and fourth rows in Table 1, SVI-CFAR chooses half-
window CA-CFAR, resulting in certain CFAR loss. MSVI-CFAR replaces half-window

CA-CFAR with S-CFAR, which has a similar performance to CA-CFAR under a

uniform environment. Moreover, interference can be easily distinguished in multi-target

environments, avoiding target masking like CA-CFAR.

In the scenario of multiple jamming targets, the fifth and sixth rows in Table 1 are

corresponding. In the sixth row, both the front and rear sliding windows are non-uniform

environments, and the mean values are different, indicating that there is a large difference

in the amount of interference between the two sliding windows. It will cause one side

sliding window to exceed the maximum tolerance of anti-interference ability. Therefore,

S-CFAR is chosen to solve the problem of multiple interference targets. In the fifth row,

because the mean values of the front and back sliding windows are the same, it indicates
that the interference quantity of the two side sliding windows is not much different, and

the interference quantity does not exceed the maximum tolerance. OSCA-CFAR is

selected to optimize the detection performance. At this time, the detection threshold is

� � � �� �OSCA A BT y k y k	 , where the calculation of the threshold factor is shown in

Formula (11) [11]:
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3. Simulation Analysis

The MSVI-CFAR is analyzed under uniform background, multi-jamming target

background, and clutter edge background through Monte Carlo simulation. The number

of Monte Carlo simulations is
610M � , the length of the reference unit is 24N � ,

12tN � , false alarm probability
610faP

� , statistic VI

4.56K � , mean ratio

MR
2.9K � . Assuming that the clutter interference background is an exponentially

distributed clutter model, the performance of MSVI-CFAR is compared with that of CA-

CFAR, GO-CFAR, SO-CFAR, S-CFAR, OSCA-CFAR, VI-CFAR, and SVI-CFAR. The
parameter settings of S-CFAR and VI-CFAR are the same as those in [6] and [11],

respectively.
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3.1. Simulation analysis of detection performance under a homogenous environment

Under a uniform background, Figure 2 shows the comparison of detection performance

curves of MSVI-CFAR, where Optimal is the Neyman-Pearson optimal detection curve.

CA-CFAR has the best detection performance, and SO-CFAR has the worst one. The

detection performance of MSVI-CFAR, SVI-CFAR, and VI-CFAR is close to that of

CA-CFAR, and the loss of the above three detectors relative to CA-CFAR is no more

than 0.05. In addition, the detection performance of OSCA-CFAR and S-CFAR is

between the three and SO-CFAR. OSCA-CFAR has a slightly higher detection

performance than S-CFAR.

Figure 2. Performance comparison between MSVI-

CFAR and other detectors in a homogenous

environment

Figure 3. Probability of MSVI-CFAR selecting

different strategies in a homogenous environment

Figure 3 shows the probability of MSVI-CFAR selecting different strategies in a

homogenous environment, where curve AB represents the power estimation of selecting

the entire reference window as the clutter background, corresponding to the first row in

Table 1, and the corresponding relationship of other curves is similar. GO is the clutter

edge background. At this time, the maximum value estimated by the front and rear sliding

windows is selected as the clutter power estimation, corresponding to the second row in

Table 1. S3 and S4 show the selection of S-CFAR policies, corresponding to the third

and fourth rows in Table 1. OSCA indicates that both the front and rear sliding windows

have interference and the mean values are the same, and OSCA-CFAR strategy is

selected, corresponding to the fifth row in Table 1. In contrast, S6 indicates that the mean

values are different, and S-CFAR is selected to estimate the clutter background,
corresponding to the sixth row in Table 1. As can be seen from Figure 3, in the case of

uniform clutter background, MSVI-CFAR and VI-CFAR choose the whole reference

window as the best strategy for power estimation of clutter background, which is

consistent with theoretical analysis.

3.2. Simulation analysis of detection performance of multi-interference targets in
clutter background

Figure 4 shows the performance comparison between MSVI-CFAR and other detectors

when the front and rear sliding windows each contain three interference targets. As can

be seen from the figure, when interference occurs in the current rear slide window, the

detection performance of VI-CFAR, CA-CFAR, SO-CFAR, and GO-CFAR decreases

sharply. In the scenario of multiple interference targets, VI-CFAR chooses the SO-CFAR
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strategy, and the detection performance deteriorates due to the presence of target masking.

S-CFAR, MSVI-CFAR, OSCA-CFAR, and SVI-CFAR all maintain good detection

performance, among which S-CFAR has the best detection performance, MSVI-CFAR

and OSCA-CFAR have similar performance, and both are better than SVI-CFAR. Based

on the window selection strategy shown in Figure 5, the reasons why MSVI-CFAR

performs better than SVI-CFAR are analyzed. Figure 5(a) shows the window selection

strategy probability of MSVI-CFAR. The statistic VI has the same probability of

choosing S-CFAR. With the increase of SNR, the probability of choosing OSCA-CFAR

and S-CFAR increases, thus improving the detection performance. In Figure 5(b), SVI-

CFAR will have a certain CFAR loss when selecting windows A and B, and the detection

probability will decrease to a certain extent in the case of multiple interference targets.

Figure 4. Comparison of the performance of each detector when the front and rear sliding Windows contain

three interference targets respectively

(a) MSVI-CFAR                                                         (b) SVI-CFAR

Figure 5. The probability of MSVI-CFAR and SVI-CFAR when the front and rear sliding windows contain

three jamming targets respectively

3.3. Simulation performance and analysis in clutter edge environment

Under the clutter edge condition, the SNR is set to 5 dB, and the false alarm probability

is . Figure 6 shows the comparison of the false alarm control ability of the

three detectors. It shows that MSVI-CFAR and SVI-CFAR both maintain good false

alarm control ability at clutter edge, and their performance is slightly better than that of

VI-CFAR.
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Figure 6. False alarm control ability of each detector in clutter edge environment

4. Conclusions

This article proposes an improved multi-strategy MSVI-CFAR detector based on VI-

CFAR and SVI-CFAR to address the issue of poor flexibility and inability to maintain

good robustness of conventional radar target CFAR detection techniques in complex

clutter environments such as non-uniformity and multiple targets. The detector adopts S-

CFAR when the interference occurs in the single-side sliding window, avoiding the

constant false alarm loss caused by the half-window CA-CFAR detector. OSCA-CFAR

is used to maintain the optimal detection performance when there is interference in both

sliding windows, and the mean is the same. The results indicate that the MSVI-CFAR

detector maintains a high detection probability in a homogeneous environment. In the

multi-target environment, the detection performance is superior to VI-CFAR and SVI-

CFAR, and good robustness is maintained. It has good false alarm control ability in a

clutter edge environment.
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