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Abstract

When a fighter radar detects an air-to-air target with a medium pulse repetition frequency (MPRF) waveform, if the altitude of the

platform is low, the air-to-air target detection range is limited by the sidelobe clutter. A high-pulse repetition frequency (HPRF) wave-
form, which can detect air-to-air targets in clutter-free areas, can be used to remove the air-to-air target detection range limit caused
by sidelobe clutter. We present an HPRF waveform design that uses an M-of-N binary integration for the long-range air-to-air target
search/tracking mode of a fighter radar. The performance and effectiveness of the designed waveform were confirmed through analysis
and fighter radar software-in-loop simulation (SILS) testing.
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Fig. 2. Detection probabilities for target SNRs in the condi-
tion of false alarm rate 10~°.
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Swerling 1, Detection Range - 65 36 km, Pd = 0.80 , Pfa=1_0e-06
; Swerling 3, Detection Range : 74.64 km, Pd = 0.80 , Pfa=1.0e-06
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Fig. 3. Detection probabilities for target ranges in the con-
dition of false alarm rate 10°°.
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E 1. Mof-N B4 A9 tefat M3t NollA 2755 WAES] o] 8 gx7g] 9] £4

Table 1. Analysis of required burst's length and detection range for various M and N of binary integrations.

Beam |Burst number| Length of |SNR of one| Py, of one | P, of |Length of the| Py, of | P of | Detection range of
type | in the beam | one burst | burst (dB) burst one burst beam the beam | the beam | the beam (km)
1-of-1 1 T, 17.85 1076 0.8 7, 1076 0.8 65.36 (74.64)
2-0f3 3 046X T, | 1447 | 64x10° | 072 | 1.38x 7, | 10° 08 65.63 (72.22)
2-of-4 4 0.29 X 7, 12.44 45%x107° 0.58 1.15x T, 107 0.8 65.40 (69.45)
3-of-4 4 0.48 X 7, 14.70 7.0x10* 0.79 1.93x 7, 10°° 0.8 65.39 (73.84)
2-of-5 5 0.22 x T, 11.27 35x107° 0.49 1.10 x 7, 10° 0.8 65.38 (68.09)
3-of-5 5 0.30 x 7, 12.62 5.2x10* 0.68 1.50 x 7, 10 0.8 65.47 (71.06)
4-of:5 5 052X Ty | 1502 | 24x107% | 083 | 261x7T, | 1079 08 6539 (75.27)
2-0f6 6 018x 7, | 1050 | 28x107° | 042 | 110x7T, | 10°° 08 6546 (67.31)
3-0f6 6 022x 7, | 1135 | 41x10°%| 059 | 1.34x7, | 10° 08 65.45 (69.48)
4-of-6 6 0.32x 7, 12.90 1.8x107° 0.73 1.92x T, 1076 0.8 65.58 (72.35)
2-of-7 7 0.16 X 7, 9.89 24%x107° 0.37 1.12x T, 10° 0.8 65.41 (66.66)
3-of-7 7 018X 7, | 1050 | 34x10°*| 052 | 129x7, | 10° 08 65.51 (68.55)
4-of-7 7 0.24x 7, | 1158 | 1.5x10°° | 065 | 1.65x7, | 10°° 08 65.58 (70.64 )
A gl 9 9y dAlolA WA 7H-E PRF HSIE B5Ae AT & e PRFES U4E ste AH]
A7 gtk PRF W9l& 4 549 AU £:9 78 7} . & 7l 5AS BA8k=(decodable) PRFES Y42
S8 HA A T35 st ARtk 19 1(a)0lA sk Aol thFALE 7hl 54 BAste PRF Jo<
HZo]l #4l 39 Aol £E& ol §ste] Eod glof AHEEE AR ESAORE Q% YAE A WA 59
A%} 2 E7F EAA B oM At S % BALTAE BAATNA o dubAel 9% 4 o
A& BAT § = PREF(EE V)2 E 7143 PRF £ 59 #E dolve Ades e  sivh. 7hl=
Bl AL 4T F Atk & =RdAMe $AF s Goties W FuEd (1A Age UHS
B YO R x-bandS, ) 4 A £EE vt +4 ARSI Thl A &9 A% A AR Wele H4
2 7}A 3o, o} PRI(pulse repetition interval)E 11.2 x5 A A(EA B2E FE A)olA 300 kmE ot
E ARtk 7H8-3 PRF M99 gt HA 4 F A& W= vhel —40lA vlel +42 ST Tl =
2% FA FHE L] AR 5k & =5l A o5 deke] 7]1E gho 7 Al sl B4 FEe
e a2 BAZS 06 psZ I £ FEE A7l M e Al e 2 FoE £ G
10 %= 71g3te] 4 PRIE 6 psE AFIUch A4 M & A= 48] o= SFGITh(E PRE H 91l A
7448 PRL W91 02 psTH9I2 7HE: PRIES A 3ha & £ B3] TAA FoER £ JolA
714 PRF 91914 7hs) 5418 7153H= M-of-N HPRF B34 FEHIRE gn7t §18). 2-0f-3004 THEAd S B
AL $ld & PRF AHES T+t 43k PRF Jds A Y k54 Bk
N3N AH 12 M-of-N HPRF ZHE Fol| A HA] PRF &S A5 & ek oA 7led AH= 5%
2-0f-3 PRF 3 F¥] 3t} 2-0f-3 HPRF A4 98t & g I A A EE M98 oA FEEE AHste]
& PRF A& F79 A Ay AL/ HNER o2] M3} Nel| tste] PRF J & A 23 1 29
HelellM XAE glo] 2S "A st A £E9 UeRRATE & 201 2+ M-of-N HPRF A&l i g5
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A% olrtel A £H 94 % SEFHS 48 39 47

E 2 MofN B4 439 kg Mo NolA 754 < 2o] T@Th 3.of5 HPRF A< Meshs Aol
< BAshs PRF A% 2 7M1 24 nlebA sl £ 432 0O 3.0f-5 HPRF 422 A
Table 2. An:fllysis N?f dsc;dabfleb.PRF §ets anfi visibility for 57 VA A Bz 22 58 &4 =4 g 7)&
various M and N of binary integrations. 9T T2 3of5 HPRF Ao tla] 310171 77 ]
Beam Ij;f;}‘;;f Length of Vl’;i;et represeing maximun PRF A o3t 7HIAL 2 ARE a2 9842
type | | the beam v its %, 98.41 %, 98.3 %, 98.26 %, 98.08 %, 97,99 %, 97.90 %
1of-1 T o]t} 71| 3 3-of-6 HPRF A& o] 7o #AAZE &
-of- - i -

2 "A AZlA 300 km7HA FAe e Tl EAEE
HAsh= PRF f ol AT B2 E Ha 94 7
ZolA 150 km7HA = FAe e 7Rl 54e BAste

2-0f-3 0 1.38x 7, _
2-0f4| 0 |115Xx 7, -
{9.2 s, 10.6 s, 10.8 ps, 11.2 ps}

ot 172\ 193X T, (Visibility : 91.78 %) PRF RS 170 A58 + A%y #dANE H4 &
2-of5| 0 |110x 7, ; 2 Aol A 180 km7HAZ &t 270, AAAD S HA o
(7.6 15, 9 ps, 9.2 s, 9.6 pus, 10.2 s} A A A 190 km7HA 2 &t 1749 7l sAS B
el I el (Visibility : 98.42 %) 3= PRE A2 88 4 QTHPRF A=) 7444
4-of-5 0 2.61x T, - 5L HE 996 % 0]/\1-0]011:}) IJHEZE YA E 20
2-of-6| 0 1.10 x 7, . 3807 FAATZ 150 km |38 =9 3-0f-6 HPRE
3-of-6| 0 |134x7, - AAT AL 7pssin $a "o Al7F Zo|k 3-of5
4of-6| 0 1192X7, - HPRF BAET A AT + Stk
20f7| 0 |1.12x 7, ]
30f7| 0 |120x7, ] IV. M-ofN HPRF M2 S AlR5t= EMMT} =X 15
4-of-7| 0 |1.65% T, - ol XA PRF Zlgh MEH dhH
3l 7HlEA S HASI= PRF ASE9 /M4E 5238319 I3z MAY 4 A35 o] £3te] 3-0f-5 HPRF &
on % 1o4 YERIAE M-of-N HPRF g3 ¢] 41 W A Addetioty, g4 3 F4el A& 8 PRF A
o] A|ZF Aolg tA] Bt} ES M-of-N HPRF % & S AR WA GAS 93 PRF AES 248 B
A F31 A PRF JEFE o)A H 19 7S 7= W 708 Thsl Aol B PRF J3 FollA stuE A
PRF &3 I g 7S depfid. gsto] x4H PRF A= &4 g 89 A2 &
M-of-N HPRF %S $]3 PRF A 3e] 7MAS F2 itk st=glo] 49 B Zo 9 o A& VR &)
23 (1] A w e }&6—}04 ;L—a—}cﬁq 7HN A o A8 5 s AoH, & =RdlAe Ha g4 A
At A 723 2 (blindness) 24NE FAFHE G o A 150 km7hA 9] FH4A A Mol A 7Aool =2 A
$Alg 2~oln HPRF T30 B2 %i 22 g 938 2o (73 984 %) T 1A FEE AMLS § HAZo] )
ok THMA R FHZEE Qad) 7 Q= T PRF HFRT 2 PRF ALEE o] PRF H32
e wZg &5 oA 450 ms &5 o] To g Melsts 202 {10 us, 102 s, 106 s, 108 us,
AR FAH2 3 FFELS A GGl FH 112 psp& A8 stsith A8 ¢ PRF 95 AHEsA &
10 % 5 2E $2l GAZ o= At & 204 AEFol FH01A s W 54 ANA (1.6 %] +F %
2 5 gxo] A 5AL WASE PRE Q¥50) BAs  ©) EHS BASA 2T & AW A% delnel &
= JAL 30f4 HPRF AH 3} 3-0f-5 HPRF A= o]t} WE> AL 07 o Fa}7] o A7) Rl 7
¥ 1% %29 AFA Az £&A4 7 7HAA g 9= 4] 2 HoluA 248 AT F Aot
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Tests | 1 |23 (4567 |8|9]10]|Avg.

Range
(km) of
first
detection
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Tracking
range |78.067.0|78.2|71.0|60.9|66.6|77.6|65.3|61.6|74.3| 70.0
(km)
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