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Performance Analysis of CFAR Detectors Based on Order Statistics
for Nonhomogeneous Backgrounds
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ABSTRACT

In this paper, we first propose a modified OS CFAR detector called the order statistics cell averaging(OSCA)
CFAR detector and anlyze its performance for a Rayleigh target in homogeneous backgrounds, clutter edges, and
multiple target environments. Then, we extend the analysis of the order statistics greatest of(OSGO) and the order
statistics smallest of(OSSO) CFAR detectors for a Rayleigh target to nonhomogeneous environments. Computer
simulation results show that the OSCA CFAR detector has superior performance to OS, OSGO, and OSSO CFAR
detectors in homogeneous and multiple target environments. And the proposed detector shows its robustness for
fast detection because it requires half the processing time of the OS CFAR detector.
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Fig. 1 Block diagram of the OS CFAR detector.
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Fig. 2 Block diagram of the modified OS CFAR detector.
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Table 1. Constant scale factor T and average detection thre-

shold (P, =107%, N =24)

0S OSCA(k=k=k)  OSGO(=k=k)  OSSOKk=k,-k) '
k T ADT T ADT T ADT ADT
6 200954 262532 348392 279666 953873 480454
7 120458 435504 146134 239625 255733 254636 60.7165 39.1041
8 940769 371819 110227 224838 19.4293 238532 416855 338511
9 720859 ' 329959 84742 215226 150211 228221 299416 305529
10 573304 300638 65402 209709 116422 222671 220167 28.4856
11 468476 279129 49687 209008 8.8695 22308 162268  27.445
12 390635 262799 35513 220414 63417 239463 115555 28.0852
13 330755 250077
14 283339 239985
15 244865 231885
16 212983 225357
17 186062 22.013
i8 162932 216041
19 142725 213034
20 124762 21.1175
21 108479 21.0735
2 93349 21.2460
23 78736 21.8567
24 63418 239463

H 2 P,=10"% N=24, [/S=12) 74 %2 OS CFAR A%
718 Ao gs
Table 2. Detection probability of the OS CFAR detector for

Po=10"% N=24,1/S=1

k=21 k=18

SNR Nuniber of Interfering Targels Number of Interfering Targets

(i8] 0 1 2 3 4 0 1 2 3 4

4 00233 00178 0.0131 0.0093 0.0063 00216 00176 0.0141 0.0110 00083
$ 0.0706 00556 0.0417 0.0292 0.0190 00665 0.0560 00460 0.0368 0.0285
10 01639 0.1352 0.1055 0.0753 00462 0.1571 0.1374 0.1175 0.0976 00781
12 03001 02599 02135 0.1585 00901 02915 02644 02353 02041 0.1708
14 04553 04112 03555 0.2792 0.1431 04466 04173 03843 03468 0.3036
10 0.6017 0.5614 05068 04222 01917 0.5942 05676 0.5367 0.5000 0.4550
18 0.7223 0.6898 0.6437 0.5650 02271 0.7164 0.6952 06699 0.6389 0.5991
200 08128 07888 07536 0.6892 0.2485 0.8086 0.7930 0.7741 07504 0.7191
22 0.8767 0.8600 0.8348 0.7866 0.2598 0.8738 0.8630 0.8497 0.8327 0.8059
24 0.9200 09088 0.8916 0.8576 02652 0.9181 09108 05018 0.8903 0.8745
206 09487 0.9412 0.9298 09069 0.2676 0.9474 0.9426 0.9367 0.9290 09184
23 09672 0.9624 0.9550 09398 0.2687 0.9664 09633 0.9595 09545 0.9476
30 09792 09761 09713 09615 02691 09787 0.9767 0.9742 09710 0.9665

H 3 P.=10"% N=24,1/S=12 7 $¢ OSCA CFAR &
u71el Asteg
Table 3. Detection probability of the OSCA CFAR detec-

tor for P, =10"% N=24, I/S=1
k=k=9
k=k, Number of Interfering Targets
SNR =11 (Leading Window, Lagging Window)
[dB] OO (OO0 10 (1) @0 @) @2 @G0 G @2 (33

6 0.0239 0.0218 0.0177 0.0144 0.0137 0.0111 0.0086 0.0100 0.0081 0.0063 0.0046
8 0.0719 0.0670 0.0561 0.0471 0.0446 0.0374 0.0297 0.0327 0.0274 0.0217 0.0159

0.1660 -0.1579 0.1376 0.1198 0.1136 0.0990 0.0817 0.0852 0.0742 0.0613 0.0460

20
22
24
26
28
30

0.3020
0.4581
0.6041
07242
0§ia2
08777
0.9207
09491
0.9675
09794

0.2927 0.2646 0.2392 0.2284 0.2064
0.4478 0.4174 0.3891 0.3753 0.3498
0.5952 0.5677 0.5415 0.5274 0.5030
0.7173 0.6953 0.673% 0.6618 0.6415
0.8092 0.7930 07772 0.7678 0.7524
0.8743 0.8630 0.8519 0.8451 0.8342
09184 0.9108 0.9033 0.8987 0.8913
0.9476 0.9426 09377 0.9346 0.9297
0.9666 0.9633 0.9601 0.9581 0.9549
0.9787 0.9767 0.9746 0.9733 09713

0.1782 0.1788 0.1616 0.1395 0.1092
0.3145 0.3095 0.2885 0.25%4 0.213%
04673 04576 0.4365 0.4055 0.351¢
0.6106 0.5991 0.5808 0.5528 0.500%
0.7285 0.7178 0.7035 0.6811 0.6367
0.8169 0.8084 0.7980 0.7814 0.747%
0.8794 0.8731 0.8659 0.8544 0.8301
09218 0.9174 0.9126 0.9048 0.888%
0.9498 0.9468 0.9437 09386 0.927%
0.9679 0.9660 0.9640 0.9607 0.9535

H 4 PL=10"" N=24, I/S=19] 7 $2] 0OSGO CFAR 3
w719 A oetE
Table 4. Detection probability of the OSGO CFAR detec-
tor for P =10"% N=24, I/S=1

K=k, Number ufﬁ‘nlc’fl"ic.ri.ng Targets
SNR =10 (Lagging Window, Lagging Window)
[dB] (0.0 0 (10 @LhH @0 @) @2 GO G 62 33
6 00209 0.0195 0.0157 0.0128 0.0118 0.0098 0.0076 0.0083 0.0069 0.0055 0.0040
8 00643 0.0608 0.0503 0.0423 0.0385 0.0330 0.0263 0.0264 0.0231 00188 0.0139
10 01521 01461 0.1254 0.1096 0.0993 0.0886 0.0735 0.0686 0.0625 0.0534 0.0402
2 0.2841 0.2760 0.2463 0.2232 0.2042 0.1886 0.1634 0.1461 0.1379 0.1232 0.0969
14 0.4380 04296 0.3962 0.3700 0.3442 0.3265 0.2945 0.2608 0.2519 0.2338 0.1939
16 0.5861 0.5786 0.5474 0.5229 0.4953 04787 0.4459 04003 0.3922 0.3739 0.3262
18 0.7098 0.7039 0.6785 0.6583 0.6336 0.6200 0.5913 05431 0.5367 0.5209 0.4738
20 0.8037 0.7994 07804 0.7653 0.7456 0.7354 U.7i30 0.6703 0.6655 0.6533 0.6130
22 08704 0.8674 0.8540 0.8434 0.8290 0.8218 0.8055 0.7719 0.7686 0.7597 0.7286
24 09158 0.9138 0.9048 D,3975 0.8876 08827 0.8715 0.8470 0.8447 0.8386 0.8162
26 0.9459 0.9445 0.9386 09338 0.9272 0.9239 0.9164 0.8995 0.8980 0.8940 0.8786
28 0.9654 0.9646 09607 0.9576 0.9532 0.9512 0.9462 0.9349 09340 0.9313 0.9210
30 09780 0.9775 0.9750 0.9730 09702 0.9688 0.9657 09582 0.9576 0.9559 0.9492

H S5 Pp=10"", N=24,1/S=19) 7 %2 0SSO CFAR 3
st71e] AngE
Table 5. Detection probability of the OSSO CFAR detec-
tor for P,=10"% N=24,1/S=1

k=
K=k, Number of Interfering Targets

SNR  =l1 (Leading Window, Lagging Window)

[dB] 00y 00 ) (L) @0 @ @) 60 G (B2 63
6 0.0113 0.0081 0.0067 0.0052 0.0057 0.0042 0.0031 00052 0,0036 0.0025 0.0017
4 0.0391 00297 0.0251 0.0200 0.0218 0.0163 0.0122 0.0197 0.0139 0.0096 0.0066
10 0.1050 0.0850 0.0740 0.0612 0.0658 0.0514 0.0398 0.0604 0.0447 0.0317 0.0221
12 02184 0.1875 0.1688 0.1460 0.1540 0.1269 0.1031 0.1439 0.1131 0.0847 00611
1403662 0.3296 03057 0.2752 0.2858 0.2481 0.2119 0.2717 02271 0.1813 0.1380
16 0.5204 0.4850 04606 0.4284 0.4394 0.3981 0.3557 0.4238 0.3734 0.3168 0.2564

28

0.6569 0.6273 0.6061 0.5773 0.5871 0.5493 0.5085 0.5727 0.5254 0.4685 0.4017
V7645 0.7421 0.7256 0.702R (1.7105 0.6800 0.6459 0.6988 0.6600 0.6109 0.54%0
0.8430 0.8271 08151 0.7985 0.8041 0.7816 0.7557 0.7955 0.7664 0.7283 0.6778
0.8974 0.8865 0.8783 0.8668 (.8706 0.8549 0.8365 0.8646 0.8441 0.8167 0.7790
0.9337 0.9266 0.9211 0.9134 0.5159 0.9053 0.8929 0.9119 0.8580 0.8791 0.8526
0.9576 0.9529 0.9493 0.9443 0.9460 0.9390 0.9307 0.9433 0.9341 0.9216 0.9036
00730 0.9700 0.9677 0.9644 0.9655 0.9610 0.9556 0.9638 0.9578 0.9456 0.9378
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