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Abstract Generally, a radar signal is modulated and transmitted in order to avoid signal detection. In electronic
warfare, the specification of a radar is recognized by analysing the received radar pulses. In this paper, we propose
an algorithm to recognize the PRI (Pulse Repetition Interval) type of radar signals. This algorithm uses the
autocorrelation technique applying different comparison ranges according to the PRI type. It applies a short
comparison window to stable and staggered PRI, and a relatively large comparison range to jittered PRI. The
experiment shows that the proposed algorithm can discriminate the PRI type of radar pulses correctly. For the more,
it can find out the stagger level of staggered type of radar signals.

Key Words : Autocorrelation, PRI(Pulse Repetition Interval), Fixed PRI, Stagger PRI, Jitter PRI ,PDW(Pulse
Description Word)

1. A& o ol2fdt Hloly AJAElE Ql4sfokehs Ak Al

Az=Ee thefst Al Wz FEl(Signal Modulation
x%x}x} 2)2] /\]z:al(Electrorﬁc Warfare Support System) Type) & AZ3Hed Tjo}

A Ao r1,23]. =

dold Aas 'Aste], AEE AR AT Al 6] gog o] WA} Al o whedh B‘QEH_O,] AE
—{_g Adee] Fol& :IL"‘O]' 715S FAToEA - Z= /\}%?}E\QL}, A Yol WAl Az Bkl §
ZAANA Sle] sk Fash 847t a9l e ©] PRI(Pulse Repetition Interval) ﬁﬂ“:jv% Ag3kar Q)

(. =ehef 2ol Al2=gle: gloly] Al el

R
HAagar] 938 WAl Ase] B HEE A

FHL 2 = awud PRIO QAS 98 AR FaE1d A

>‘

#Corresponding Author : Joongnam Jeon (joongnam@cbu.ac,kr)
Received September 18, 2018 Revised  October 2, 2018
Accepted October 20, 2018 Published October 31, 2018



IRk

i
e

—
w
oo
do
ok
o,

2] A|3A A5%

oM,
o
2>
N
oX
r o)
N
i)
ot
tlo
et
ofo
olr
ol
=
30
£
7
—_
o
i
)
N
&

~N
flo iy

4 £
r2

Mo T

gy
L
o
et
Do
R
&2
=
>
av)
2
E
BN
]
o
O
QL

Ir
N

it

N,

e pot i
fol
]
s
T,
o
fr
f
p)
i

L

=
o

5% &L oE
g flo g o e rlo o
2L
N
ox
rJ
N
e
L i

fo o >

e
®
SR T
rlo

>
)
e
ro
A

ol Q
M LF]
= =2
ftl >
Ho rir
as) ~
N =

g e
M oot [
ne M L

K Az
i) N
X N,
NiO L2
EY -+
2 2
T
ool
oL 8
N

N

o
4
=
=
:?L_"
2
rlo
E
>‘

(

o o o o §2

J

=y
'E
BN
ofl

> o
i
o
e
s
4
30,
=

=
s
n)
Az
e o
o
N
N
olr
ofr
ol

2.1 BAE o] &% s|l=Ead HE( ]

PRI &= AF SAUR A2 22EEs o=
A PDWS  dal PDWQ] =3 A7 Zfol
(DTOADifference Time of Arrival) = A% 3}01 R Eatd,

AdE FAH JEPES EXsle] 2=tk 1
DTOA7} B st B g5 2kl 91 Fig. 1(a)
9} o] DTOA FA 8| ~Eaf o] 3 /)] AJint A
Hr}h. 2817 PRI(Stagger PR n 7H¢] DTOA7} 57]
o7 WHEste] Fig. 1(b) ¥ 2o n 78] BA1H4 Fhol
153H 48k AH PRIJitter PRD= YA djH
o] §11, 715 DTOAS TAOR + tﬂ%k@)v"— tig 4
23+ %ALOE EAETE XH 9] DTOA 38| ~E 13

71% DTOA+§ a9 o Hx7tAo] EA4lE o
F1g 1(c)#} o] FHHr}

L time M time JI—I—L time

a)Stable (b)Stagger (c)itter

X
0
—
o

Fig. 1. PRI Patterns and DTOA histograms

CDIF(Cumulative Difference Histogram) <}
SDIF(Sequential Difference Histogram) 3|2~E1[4]
71 Hxd o] AUA TOA (Time Of Arrival)oll A v}
A5 TOAZM A dP8E 7417184 3259

!
i
)
N
M
=
rﬁ
_>L:
-
S

>

i
Sl
T
=y
tlo
=)
=
P,L
9
g
=S
r:3
F
]
fhi)
e
P,L
s
o

)
o
>,
o,
0%
olo
oo
-
~
k)
e
N
oL

ol
o
?j
l K

=@ 7]uk PRI W2 )

TOA(Time Of Arrival)
WARE I, O MR T
n} 513 5 e (MM A4
PRI el & }L 7% oltH10]. PRIM X FE)
SVM(Support Vector Machine)S 3418, SVM
PRI ez FTAAZITh o]% FHe HA
TOA(Time Of Arrival) AH2ZHE EAWEHE F&3}
, F=H EAMEHE SYMe ¥ ste] PRI ElE 4
<= 71 olt12]. 217885 o]&% PRI Wxdg A
Ast Az BATAA 7R 257} signum
gm0 e Adsta,  dye AT
(back—propagation)®ll 2|3+ t}& A EZ(Multi-layer
Perceptron)e] YEHEZ A4%S Tste] shFd

PRI F-2¢12}o)] 717+ PRI W% &)

o on
r> op

ol 1t

o,
o,
& o
194 rlo

HJ m\:l _]L

i L

T\ >

[ e hY
o
oo
QL
£
N
I
[y

{
|

i
ol
-

{1
Ir rlo
oon

ol
o)

[¢]

HU_&_I:L

o A%

ol
o)

= q
r (o3
1>
rot
A
27
o,

W o] &3t VHdle 2Yvtm =R 7Nk PRI 914,
SVM(Support Vector Machine) 714+ PRI ¢14] 7% o]
911, olejak 2174 7] Zhze] PRI W SA40

g FEe AR} ol W Ate] Pt

H (Autocorrelation Method)
27142 71HE 283 PRI zgH 4 7136l
7] 7} vigruit} 937 A FI8e %
L ExS o]&d) RPI 82 12390} Jitter PRIV
Oﬂ% = «451011 gt OLEiV“Sﬂr PRI

3. PRI dHl 2= g+

3.1 PRI 27133 A4
Aoksh= daE]E2 PDW(Pulse Description Word)



o 5ol e F el Add PDW &
& PRI @ejE T3t} o] =wolA o= P
E 3% PRI, €17 PRI, A€ PRIZ A3t51aL 28
&2 15%% H*HL ol A7) As
dnrH o e ATt dAshs AEE UER
GEE ARE AL QI o] =Rel A F Y] g
HE7h ARz A AR o gojjit). o

PRI, 2~El 7 PRI, A|&] PRI #}7]73%
7ol Ak Atk A PRIS A7 Al

FaL gk B AR AR 22
KAl YR8k BAs Ak
Fig. 2= 31 2ol Alzks ] m912k(6) 821 B~ 8

j=s)
=)

= oo
ofk [\lﬁ’l
Y orir 2 oo

_4_\.\1_4

=
1o
=)
[
2
o
o

=
r01

fu
o
offl
QL
S
U
rlo
>,
r\I

Fig. 2. Fixed PRI Pulse Train
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Fig. 5. Stagger PRI Autocorrelation Coefficient
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// Calculate autoCorrelation coefficient

MR = CS/N;
IJMR = CJ/N;
SC = CS/CJ

// PRI Detect logic
Find (SC=100) && (MR=]MR)
&& (MR>TH_STABLE)
nFrames : Num.of matching PRI = num. of frames
lastMatching = k; // last matching sample

// stable PRI Detect
If (nFrames == 1)

Decide Stable
// stagger PRI #%
If (nFrames > 3) // when minimum 3 frames

nStage = lastMatching/nFrames

Calculate FramePRI

FramePRI[K]I=TOA_ORGInStage + k] - TOA_ORGIk]

Else
Not enough Sample
// jitter PRI Detect
If (Average JMR > TH_JITTER(90%))
&& (Average MR < TH_NSTABLE(50%))

Decide Jitter

Else

Unknown

Fig. 7. PRI Detection Algorithm
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AgRS 2 RS AR A3 A UAEHE A
S gl A¥S B3l 7 PRIS| w9 71ES A
3H Table 13} #t}.

Table 1. PRI Detection Criteria

Type MR JMR SC
(Matching Rate) | (Jitter Matching |(Stable Coefficient)
Rate)
Stable 1 1 1
Jitter << 1 1 <1
(Approx. to 0) (Approx. to 0)

Stagger | At frame PRI 1 | At frame PRI 1 At frame PRI 1

Otherwise << 1 | Otherwise << 1 | Otherwise << 1
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