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Waveform Operation and Signal Processing Design for Detecting Naval
and Airborne Targets in Sea Surveillance Radar
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Abstract

The waveform operation and signal processing design in sea surveillance radar, which radiates radar pulse signals while rotating at
fixed revolutions per minute (RPM), for detecting targets is shown. The radar described in this paper has multiple receiving channels
to concurrently detect both low and high speed targets such as ships and aircrafts. In pulse repetition frequency (PRF) operations, both
low and medium PRF waveforms for low and high speed targets are concurrently applied, respectively. This paper describes an
incomplete PRF set design that is capable of resolving range ambiguity, but cannot resolve velocity ambiguity in totality owing to RPM
and Doppler resolution conditions for the high-speed target detection. Nevertheless, a method to resolve the velocity ambiguity in the
incomplete PRF set and a signal processing design are proposed. The proposed method was implemented and tested on a real radar
thereby verifying its functionality and performance using actual data obtained from a real radar.
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Target Detection
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Fig. 2. The main flow of signal processing for a sea sur-
veillance radar.

o] AA WY sidxA ] EA S3tgk AEEe]
Ad o] Fo A LPRFMPRF 2 S/L(Short/Long pulse, T/
H2)E M7 AMgshe 8-S Uekdth A 2 A S
so} 7k Ade T3l g4gd dolthlee 77 HA
ZHth I o LPRF 93389 AE2 A& 14 ¥4
93 A& st 4 S| E(Hit)E =0+, MPRF
3o g =E2 A 2]9} CFAR(Constant False Alarm

—_=
H2rE 9 =EH AT, CFAR A, SE 2 2EHY
T kA9l golthilEA e A B N, B ekE
2 AERAEA, S|E FH2HY AY 59 AAE A
o Ageit), 12|37 LPRF 98 A3 Agay e &
=roA AhE At B =72 MPRF 33 A 9]
Y& FAZ 512 UTHLPRF 38 A9 54 S£5&5
FZ3A geve 2 A9stH MPRF 3+ Ad s

of

A Al i 7HATh). 2SR SE S A
F7HAE H2Ebust) E99] AeAot dE &

3| HstaA A& WAksE I 327071 3 AETE "k
2-of-4 Bl(Binary Integration) #| 2] 47} WAE|A &5

¢ B4 NEYBEL olgstel B4 Ad RIHL 9

249 349 B34 e £ S FEIY 4 HA
E7} g Ed(dwel)S B3] & 2o 149 Ag
2 B3 e £ #S A Aolth 9 32 W 27
of w2 WAE W A e 993 o =49 Bl A
HHe 998 HojEr)h 19 32 ohurt 94 RPMO 2
EUA H2E WAElY, MAE @92 PRIV vH

>~

i}

M)

2
>~

b .=
=
1o
Ipr
k1
N

g Mo
~
b
Y
i
2
lo

o X

o

—.~
)

ol

DR AN do RIOEH rlo
i

o ko N o

o
9
N CE}E."J %
ol
o,
rir
A3
ol
=
>
H
k)
oz 2
[0
U
to
o
O
N
N
(o]

=
-
£
o
e
™
e
-
=

:IoL_v’
o,
[

L

of

i3

PRIt

oxl

e
i

W A7) WE WAES Tl whguke of o

R Seholg AES P9 Bl 47

. Azimuth region of bursts and dwells according to

beam scans, and BI processing by sliding windows.

He E} _/:ELC‘ PRI], PRIz, PRI3, PRI4, PRIl,

1o

e SR 4709 PRIZF 412 02 vl H A
2

[e)
o
K

-of4 Bl 22| & §13 3t “d L 4] |AER

Ak Bl e WAE @92 U o] Z5EA

o &, Leboly Y% (sliding window) 4] 4]

2E W E o]E3lHA 2-0f4 Bl AEE 31,
A3E v MAErit 2838k= Aot} Bl 34
AA FE3te AEE A, &k Yot IS4 F&

st} 2-of-4 Bl A2 9 A%

oify ully
=2 o fl
2 S
£ ot
e %
o —
x e

o o

o
i
N
2y
©
e
ofo
1
2y

459



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 5, May. 2020.

N
AR
3
£
N
o
™
N
o
—
=2
>
Ip
1
!
for
oX
:?L_',
in}
o
ol
ol
R
O
o,

i,
QL
oot R
and 1){
[t
uje 4P
o

o
Y

O

o
b MY gl HT g

4 12 ot
FH
oy

S L
o

i~

N
b
k1
ol
=
i\
-3
il
|

e

[

)

>

Sl

fol

oX

o

(N

2

i)

N

M

1

W oto g M

=

rot
. Jo

150{:
IS

o
A
£
i
=2
¥l
fol
oXx,
[o
==
i
ol
o,
e 24 b1oxo

2
ol
R By
1o
[
>,
ofo
H
N
=
= g
o
N
EY
o

il
u Fil
T
N
riy _‘N_’ iflad
R 2
S A
R g Y
w2
CRY
5o
2

o
oX,
_?L
o
N
X
o
o H
ACH
[N
=2
>
rir
=N
oo
P e
N
o
©
N
T e
I V)

ol
£
il
bail
1o,
4
b1
.
i',
ot 42

2l
o
°

@ ofo
et

g oo
e
)
N
N
ot
QL

2 o
>
rr
3

oﬁ—mﬁ
b oX
£y

Ao iy

D
il
i
1o
L
L
oL
it
L
ofo

ol
ol

-

ol

x K
{0 gg'\j,
B

.
N
T
1o
e

Hu
lo,
o
R0
oxl o
e

o
2

wH v
o
ox, r_>t'_,
>
2
=

oot oXx il
ol
g M oo

=2

O

n

©

)

Ho
IR
il o2 il
ox, 18 —H

Hu
X 1o
K o
_x}:i N -
ol T

N
o
Y
r
o
Y
o
Y
r
N r
Ipr
k1
gy o
“

dp
rg
lo v =

N
-
N
-
2
o

=

2L rlo
e
ke)

o8
24 o
otz
ﬁ:{
)
L )
lo,
i)

HERTOBG
ol

i)
== o rlo

BN o
Y

X

[ C
]
AJ)

o M oX
12 o o
b1

N
-

i
o .o Mo
o3t
Hir
lo
of
X

g >

=}

=
N Iy
ol
ol
By

o’

r

[
)

>

o
>

-
o

o

)
N oo
FN
rir o gy,
(L ofo
Sz H

I
10,
1B o
I
i
l-u:‘
-z
5

lo
r>,

> S @ oo
LS
i
i
fu
Hiy Mo
2R @ o 1o Mo oo N v B2 O X o AL oo X o

_()‘L
£
FN
[
o
BN
o N
ok
rlj
j& g
o
N
52 EN
=)
il
>
Ogl:,"
Q‘L
K
o f

P
N,
o
N
s
—
2 N
N
N
G2
ied
I, o
QL

S
s

N

r

a

B e
[o

1B o

ol
-

A
g =
3n!
N
N e
:gz 2
92
HE S
lo N
52
4 FN
EN) J:
oAb
& i
w5
= ¥ oo o
N ol r\J
o gy Mo

o Mo

gL o
o
N

B
o .

o T

2

T

iv)

i3

o

rg

)

PN

s

i

=

> e o

-

T,
b 1
we cfroeo lo M M XL M do

g flo

1 Do w I SR
B Y
ol
I
T
a
m
e
J(EN r

T
AT, EAEHA doH 7

¢

N

ok & HojlA A4

i
o
o
HJ
o
0x
ol
iy

A eIt dE/AY, ZAZ/AA S s

g gA 7o 2 e HAE AHA EAFHE A
© O dehdth 18 4= S8told 955 W9
Bl A2l 7+l & A tigk &4 o & Jepfidith 14
WS O9 447 3 240] ofy WMAE ©@99 Bl &
o g5 e AL 3 2O Hetsty, o
A 252 P45t g xA dsf T EE GH
7FUeA s #Aolth 1Y 5= 549 AG/EER

] Js1:
-—_|—| BI_2:

BI_3:

S o - :

detection X
detection O
detection O
detection O
detection O

_5 : detection O
_6 : detection X

A8 4. BI A 7ol & #249] gA
Fig. 4. An example of detections of a target between BI
processings.

BI_1 BI_2 Bl_n
Target 1 —>| Target 1 —> Target 1
Target 2 k% Target 2 k. * Target 2
Target 3 K Target 3 o Target 3
Target M Target N \! Target L
a8 5. HAE ©@9)9] Bl 285 7+ A& 1o

£33 g
Fig. 5. Conceptual diagram of target merge considering conti-
nuity between BI’s burst unit outputs.



TOTTLNE OTPIESRMNTNTT ST abT o usHnTy
X W —= %o © ok o] | R Mm ko) — o m ~n T T < @O ©O
M ofp ™ o o B o = ol ol o
) _zﬁnn.nmﬂwci ﬂu,ﬂﬂclﬁﬂﬂx]ﬁmaﬂ%ﬂﬁﬁ%WW&L_moQWWﬂuﬁ_e%ﬂﬁﬂ_
X I T R e AT R I T i a
< _&Elﬂwoﬁ% Mnaiﬁﬂd.wﬂ__%ma?mo:_.ﬁ%%%_QLHES_S_we‘zﬁmwﬂ,mﬂ
B Tigbhly THEEOCTpue i Spe a8 e R g,
- B K mO oy o] M 7en T o o K D Ry 2 o w ool e B op s T
T wipgs TraclotEmrtulERZTRTSEY o TEg
= ‘.l ol X J N Plo
L @W%Bﬂw.EMMOi%?%%%%mna%mo}Laomﬂiww%zu__/_ﬂl
M ,.moz%w_nﬁlMUH1AOW<ZEQEﬂﬁEML_LHE%uB_mﬂWauﬂE%mﬂwr.ﬂmmr
o - 2 m o0l B o) Mo —_— i N — mmo7rr_‘m(H\,_.E]ri
oy oo TP 4r o o o T mnogr o Ol & - i B e s
T o - S e S AN i -~ I T A il
= wn ®o mr X s I L =T X 2w LL]DIJ_*oLu:TuxSqE
i B WX .A,.:u ﬂ N omo ™~ 0 . ol TO o —_ A.rv
< HT _*oH\UI ﬂldﬂ E.TJI pa i oo — <
L EigrEiiiEratioaaNzibisEaLiioncs
5 o) © —_ = 7 s o) = A
= o [ S S v B I Lo bk R L go m EO W ow = 5 o o M
o 0 r 2 e s o ~- X o T ;
= 2R el R Ee p N g P A2 T Ly
B WA = W R X S N T X ol DR
o _J|.,m.ulzn_iﬁauZdv.au_our_ﬂﬂaaauo_uamou,_HﬂL@wJn_upmmwﬂ/ue._ﬂ
i nﬁmﬂ%*wﬂhmﬁu%%umi%7%%%%%,d.wﬂB_%wxll_ﬂﬁu%z
—_ ~ 0 . —_— ~, —_— —
X Ho&|n_rmESWM,@J@ﬂu&%ﬂﬂ%%ﬂqﬁwﬂL,MWL_7,_tmLﬂmLﬂ__owEmmwr
stz T AT ® Ve mlKkE T LY o ZET oo T XK
5 HoFhrHad wmozswmkdokmecrsrEs S=m=® 88w
Njo
Ho
o R L SR . e s I e i i B O I Sl o
%o FED my TR W TR o™ RKDT W oo =
0 — Jrad =
® pEaledmPRgRygwETle T yugagery ¥ AT Py 3
oo gy D B ol B RO gy RS MG omo R4 T T oabomk o T SR >
- TR R It e s e e R U P P SIS ol i 2
oy B B T s TEU RN T g oo M2 R E oy 3
woool M XM E e T T U HTE N M EN ey By F
— ~Aa s By =
e N = L mﬂaoxmﬂahaumﬂﬂﬁﬁc]yjmomﬂ% £
5 N o] ) Fo L mo Lo T W B R J)J B un o &2 = o N =
5 T o - S @O mo W X fELIN A - s g N o —y Ni OF mO W
amﬂo_amﬂ%uﬁmQQE:L%%E%QWEE@nmﬂo_ Ho @ m — A
~, i o _ = o o ,— iy
PLEEREERaE iR (R RRTRT LT
° Hoesn Xr Mg B E T ypm g e Doy BN &
o Do Do AT g e R W T L
‘..‘Alo‘,w‘a wﬂmﬁ\%‘lﬂ}_ﬁoﬂﬂLio_EA#Egllﬂ_%iA mO.JM.EEﬂ_AlaEE ..;.._ATL._"EI £
g S o By B R ool E L] 2, ok uTarﬂmzﬂﬂm@rero 5
T N e E L g T MW e ® LNy 2
ﬂzoﬁgﬂwiﬂﬁ@ri%%%4ﬂﬁﬂauaW@%%ﬂ&&m@%u% g
@W%M@rﬂzﬁ%gﬁ%%%ﬂ@%E W:EWEH%&E%% E
o X o - o™ T o X ofy . ) £
T e T N R o B - A T I B
B mEl TRy TTeMge A NTaE pp 2
EH G Efsr o Cdmw Pwagna w2 R T m s x o £
Mok SR T M N T N HTRAPRHEERDT LHT BT < e

plot
461

1-of-2
merge

1-of-2
merge

1-of-2 merge
1-of-2 merge
1-of-2 merge

LPRF_LB_L

LPRF_LB_S
Fig. 7. Conceptual diagram of stepwise channel merges.

azimuth 0°~1°
are outputted
v Plots of
et azimuth 1°~2°
are outputted
v Plots of
= azimuth 2°~3°
are outputted

~Bl20)

BI17

after 4 burstsl__

BI_13 ~ BI_16
BI_13 ~BI_16

(azimuth 1“~é;i(a;imuth 2°~3")(azimuth 3°~4°)

]

BI 9 ~BI_12

BI9~BI
BI 9 ~BI_12

| after 4 burstsl_

5~BI8
5~BI8

(azimuth 0°~1°) (azimuth 1°~2°) (azimuth 2°~3) After target merge

[ Bl

[BL1~Bl4 | Bl

Fig. 6. Unit of the target merge processing and its outputs.



FItE A

Al =

=
5

b, of

0
gl

THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 5, May. 2020.

AL

ﬁ%%éﬂ%ﬂi%&ﬁ%%ﬂ%m@ﬂﬁrﬁmﬂ«ﬂﬂéw W
W oy TR T o= N R T g B RO e B R L "
FHERp e mTRiaAneriad TRy m & LRI
%%u_ﬁl%z%ﬁﬂﬂn%_mmWW%ﬂ_mﬂz%Mﬂﬁﬂ o g = [T
R g WM M g N BT B B E W Y 5
I e - T B R s I i Mo =
Moo N AR Bo g Lo ek b N — = o - = " il w E - | @
E:l - KO o — 5 T ul I = S m . B E " "
= 2 — — ~ Nr H o jord — Hd — | of == g @ | k|
1 o % ..o o ~ o N X x5 o m Mo & = R Bl E 8| E
éﬁ‘olﬂm7ﬂlﬂm£%e1r\)”mﬂiﬁﬂl.wmw ﬂuL.o‘lﬂm_leﬂl mE) e %4%59%
Mg e BT o SN D e B N BRI A
By wg , dPoeledXs  cdEgq T m  of 2 =
| 1EE$%iﬂn|ﬁE§ m_m&7oi_.wLﬂ7 K ™ E
ﬁ%d]ﬂwmﬂru_@ﬁ%mﬂz.ﬁJlm«mmx%oEo/ﬂJaﬂ,mm N ME T g
W™ N® Mmoo 0 mr g de g v E R NS X S |E|E BB ENE
T Mmoo b~ 8 RNV s S IS T m ® —, © 2 =
R S S I - - B I E A I
PRkl Ty ST I mE sy PE gy ok MEINZIRE g E
Moi_wfm_ﬂrl_w\ﬂo@ﬂoﬂﬂ&ﬁﬁLﬁo;NeﬂliﬂoﬁdoTMﬂPQUﬂLﬂﬂ mq = 2 =
— = =) o n H — T o Ro —_ Hw ~ Y
A S R S B o D I I T
ﬂfw‘N‘.—\mﬂL’m ‘MEJL]LIF‘UILAT_DT_;AOL!QLOJ@ _”__H_._,I EET ,w‘_12345
_I_qu_taéu7z_uﬁoizm7m.Au #,futc,_ow_7_,muouwﬂxOo_ = ﬂa i e
— ol o M - olJ % - ol o<l o<l el o
G R e A I U T B T B A LA P P
aﬁ uﬂA‘mﬁLQ_/_%:_elH%mmM ﬂ..guwcw_/_aﬁ&uau = Ewg
- 5 N 4o PE M T d®m T RDT o K ™ RW B o K
BT TERRTIDENRTRG R A HREMWT 4 oA s o @ M o4 w
0 — , L, [
G2Ep R RN P2F i Tapgug P ae®p SRUETE
Cw o R EE M T By N PTG g T T E g R SR I
KAmg® e N "B R g MW xEpP®H DS o o S 2 W ook e
R T S LR T E LR L L O .
WT%ME%ﬂueEwﬂ—/ﬂuae_ezEE#QV&NSQHE%H G i SN
Tk ,ﬂmxn%zomooﬁﬂ_nmEmﬂéiyﬂ%%iuﬂllﬁmﬂm = - wmRy, W
He T gl gmar e ®E2 TN olgege®? T UEMAT G
WO%MWwm_@ﬁ%lﬂum_%%@mm..wmﬁ%ﬂlﬂrﬂr.mwa%ﬁ w%ﬂa%ﬂomaﬂﬁ
o R A W © ™ R © o Ne A0S S o s o] gy e
_o%moasn,wW%%mrwm,ywwﬁfﬂﬂﬂm R N . m_mawr.u;%ﬂ
oeﬁ_/_mnﬁw s e I R BOW TN oo T T oy T T
Mo NSy @ m 2y Lo R Wy G O o g, = o zm AR AP BH xo
i WT# M_HE M S_ m l.A _/_ m E_o .ﬁ_l %_‘Dl \m ;0._ _n:E 1__/I ‘_lryuL ._.rmﬁ Nﬂl ‘z#.E EO TR ZE ﬂm N L_m ﬁi w_erva o a/ﬁummmo ,y
Tw e85y D gsB o Tt ohe Ty E oo, T M
™ %K = s ~ K- < A o J|) K
a%%cﬁM_Miﬂglm%wﬂ%Ez M A R TR iEaida
g T o TN K Ao AT BT o N R 9k - B W E oW o=
Jool) LT XKoo —_ T Ko J e ~ T
Wumwmzo./WMWﬂmom_umrlangeqﬂl‘moiﬁiﬂiﬂﬁcl_,Duotumom_Homq WT 3| ,HLﬂHaEaU
moﬂanaluani%iﬁu%awlE%ﬂ@%%ﬂﬂéﬂ@iﬁ@% A w%%%ghz
o = T W[O T — =% ey K — [
U .mwmwﬂo_ﬂmmm,w_u@m%ﬂ%?%ﬂﬂwﬂﬁﬁﬂcﬂ_m T s e R
o T 2 4 gm o Mg %o %o o K] m MR T omh S = X ST * N
e R v - S o s S VIS o B S T S| T 1 el G B - 1 B o B i T S R

462



ol
=

e
o

ofy

1<

A

L4

>~

FE HoFh &3 FEA Alve| ot

#2 7o 9 A £ eyt 3 datEA o
A At 5y &3k AlEH NS Pstdon,
Aol X Z #olthet 14 o] ECEF(Barth Centered
Earth Fixed) 23 ol 137 837 o] $X|3HA # o]t

o

Ay
it
IS

7h 238 m7bA e EE el BAE Ae 2As
= FAdaioith 1" 8ol Ao gl A" ¥R
A7} dorre] folw, A2 Helurt Z3ehe W

9 WeFS JEeRATE T8 2 YA 4709 MEE 4749

| o e e e R B R 2 R

=
DS BAE F UE

1% 9% LPRF LB L A29 Bl &8
A xA 9 A, 49l e B

414U

T 4120

=

=
4100
ul

] *
W ao80

#

4060
3110

-3070 3060 -3050 3040 3030 3020

ECEF x [km]

A8 8. dolvte] &3 £49 F4Y AEd oA

Fig. 8. Simulation for radar operations and target motions.

-3100  -3000 3080

X:1
4Y:21.21
1 2
target number
X:1
°Y: 4.262

0 1 2
target number

X:1

8Y: 4.351

[m/s]

o o

velocity

ambiguous
Doppler

o

1 2
target number

J8 9. AlEd o]l Bl 289 25 AH
Fig. 9. Plot information of the BI output in the simulation.

kel
)
o
D)

]

9%

slgAldolthel e 2

X:1
eY:21.22

1 2
target number
X:1
2 Y:4.023

0 1 2
target number
X:1
2Y:4.351

[m/s]

o o

ambiguous
Doppler
velocity

o

1 2
target number

J8 10, AlEdoldelA 24 W 28 £% &
Fig. 10. Plot information of the target merge output in the
simulation.

[e)

il

1o

{0 X
. oL
3

L oR
(1T %

By
2

Ni©O
—_]
o

target number
X:1
o Y:4.032

@

[degree]
B

azimuth
N

=}

1 2
target number
X:1
°
Y:4.749

Doppler
velocity
candidate
[m/s]

N A ()]

=}

1 2
target number

a8 1. AlsdelddA Ad W 29 2% 4R
Fig. 11. Plot information of the channel merge output in
the simulation.

463



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 5, May. 2020.

ol

22!

o
=]

ojn

.|

xr

2| 2 2

t

__OL
IHo

i

= gofgf

<

.

Al olgtel

1

7U
‘AO

b

i

A

B

wjr

o A

¥as!

" 5=
9

1.70 kmoll A 194.74 km7}A] TS
&5 —582.75 misell Al 55175 mis7HAl thFdiTh B4

g @ w40 M= &

L=
i

13744

2=
T

229 o 7

;oT
H

1H

]

stof 4

of

ez},i

=

= do]g)

=

[}

glojttel 4

AR AEE(FH A TWS WA 02 B4

A9

2%

il

r
I+

=5 oA

=
=

A Z& 13267709

NAHE E ERe] AN FHE 2of4 B,

20
=

9] 4

s

o7 N&

7

=
>

2-of-4 Bl A 2] A=

& el el

oA o
otk WA 19 12

i
Skl M 7]

T

B

S
&

1
fu

qr
o]
HH

3}

1= RS et 29 1394 18 167149

5]

Al A 22 AR EX Fo

ST 19 g I SAEA F38

MNE T A

P
R

.

g 139] A
Fol dojupA] 4 m7iA 4

el 21

9

H

12,252/13,267)0] 2, A&

T2 A7 92.35 %

E

=9 A E d&eto]

o £ A7 AA &2 AL} 455 %

HA

2
b

Compare

A2 E5 (R R

H

4qr

o

%3

}

o] &3

5 1326705

£7 g4

A EA e

Al
=

2. Fell ol A
Table 2. Analysis of detection results of target velocities using 13,267 plots detected in east coast.

H

10

0.06 %

10
0.08 %

10
0.08 %

15
0.11 %

26
0.2 %

45
0.34 %

76
0.57 %

220
1.66 %

604
455 %

12,252
923 5%

oF
W

H

<

A

7N

AA Sk ovle

1H
4

=

<

464



ol

e,
o
ofN
el
)
ot
X,
il

[ Processing result outputs in bursts

E Receiving information (range, azimuth, etc.) in bursts
]

No

o~ Ate plots of 4 bursts gathered? ———

1Yes
‘ Formation of range-extended plots

by extending range

ements of 4 Bursts

‘ Sorting range-extended plots of 4 Bursts
in ascending order of ranges

\ Setting range radius (threshold) for forming clusters

No — —de

|j Forming clusters starting with low range values
:f}—lﬁheﬂﬁs‘férﬁ?ﬁéfﬁm —
ne | plots?-

Yes
Separating clusters into subclusters,

‘ if the same PRF targlets exist in

a cluster

Declaring the most detections of the subcluster
as a target, and removing duplicate detections

(for the declared target) for other subclusters
1]

Updating the subclusters’ information

(the number of

elements, mean range, and azimuth) an

ang ]
extracting ambiguous velocity values
)

_Is number of element of each subclusters___
No ~ ——smallerthan2? ———

IYes

| Output sub plots (results of 2-

of-4 Bl)

J8 12, 2-0f-4 Bl A8 £A %

Fig. 12. The flow of the 2-of-4 BI processing.

[Receiving 7 'th Bl results andi=1, j=0|
¥

\ i =];+ 1 b

Extracting 7;, V,-,P),-in 1'th Bl results |

i=it+1 M
3

Receiving i ‘th Bl rfsults and k=0, C=0\

— k=k+1 |

)
Extracting r;, ¥}, P, in i 'th Bl results \
4

o
Has-plot k alrea ¥ merged
Yes —with other plots? =~
"‘\ ///

~_1INo

<s bs(r;—r) <R, ——
N L
° 1Yes

([ Raurcso RI=CompareCandidateVels(V, V;)|

If (R, = 0), C=C +1 and store r=ry,
V= R as merge candidate for plot;
i

4Yes::: ks %/’i?;—

“TNo
If (C>= 1), update r;, V,, P,
b¥ merging candidate ¢ (t/he value
of abs(r,—r,) of ¢ is most little among
the merge candidates (1.2,...,C) of
plot /) with plot ;,
(update values of »; and azimuth to
mean values of merged plots, and
update to V; = V)

B e
{No ]
Update the merged plot j by using ‘

merged plots for plot;
i

1
Target merge completion
for'th Bl results

a8 13, 24 3 A £HE

Fig. 13. The flow of the target merge

% j : index for sub plots
of th Bl results

% r, : target range value
of sub plot j
¥, vector which store
(ambiguous)
velocity values of
sub plot j
P; - vector storing PRIs
of bursts in which
each velocity of sub
plot j is extracted
X k : index for sub plots
of i’th Bl results
%R,, : range threshold
for merging into
same target plots
Habs(x) : absolute value
of x
3 Ry © the value of 1
if two plots are
judged as the
same target, and
the value of 0 if
those are judged
as another target
C : the number of
merge candidates
for sub plot j
R merged vector for
velocity vectors of
two plots

3 Q : number of sub
plots in i’th Bl
results

¥ c-index of merge
candidates for
sub plot j

% I'- maximum index of
Bl results to
perform the
merge operation
for ’th Bl results

% P number of sub
plots in 'th BI

results

processing.

A Aol 95

CompareCandidateVels(v, v,)
Start

i
Ji=0,kk=0,M=0,R=V;
]

— kk=kik+1

Has/V'(kI)/a-i;é;&y‘m‘erged _
Ye S‘ "Wthfg\ngﬁeleme}rlt/oj.lé,—?””

INo

|
J=jji+1,C=0 %
1)
|

CEREE R

% V(i) © ji'th velocity
value among
velocity values
of plot j

% Py(j) - jj’'th element
among elements

V(i) is most little among merge
candidates of V(jj), with ¥(;)

(ufpdate elements of R to mean values
of merged plots) and =M +1,

If (abs(V,(kk)-V(j))<V;s) and (PkR)=P,(jf)), of &,
store V,(kk) as a merge candidate %7, : velocity
and C=C+1 threshold for
RN mergi:g inttu
R < G e same targe
e ot
ves TNO - C: Q:eonflmber of
If (C>= 1), update R by merging the merge
candidate, that difference value with ;?(g;hdates for

%K : the number of
element of ¥,

PJ : the number of

If (C<0), do not update R
i

N

element of I}

Lo — XM : th ber of
INo Yes clement which is
Ay determined as
— No being identical
among each
elements of V;
utpu Maren =V WNEN and F,and is
plots j and k are merged merged
als same target, znd add
elements of V, that are | « =1”
utput “R =1” when
not merged to updated plot': jan ll‘gre different
Wito theelementof R || BTSS0S ol toe
and output R get, P

8 14. CompareCandidateVels() 32 A £AME

Fig. 14. The processing flow of CompareCandiateVels().

n
H
d

{

Candidate Vels(Vj7 V)T
& 9 AE PRI GHES W

o= ¥R Ry, —03} B

AT e pS 29T o]

© o
Hr o
_>~l|_t‘
m
>
x
b
it
.

o
=
=
i
uj
=

4 79 ©AME A WEI Sl

A~
=2

382 A 00§ A EAE

o)L AT

M 1

w70 §Y £

54 e ST %k
2 259 gA@

Ak 19 15 1
A WA GAQ &
£ Yehdl

Atk I8 162 1" 79 F7F A9l MPRF 38 Ald

([ P

= A9 W%, o 19 162
Psjol £H9) SEFHA PES 3

o 719 79 A2 @AIQ] LPRF 9

ZHMPRF_HBS} MPRF LB #'97+e])e] HE
ANEE Uerisdeh 28 159 13 169 A A%
54 A AgE F
ks Zlo] T2

=
&7} MPRF 33 A

A2)e)

9] MHS 1Y 159 SAEANA Ry, B S T3]

=
A= hyA 7 =] 1=R=] =]
ST GOE BY KX R E BRE RyU Ao
-
-

il
=
=

A IY 159 FYe A ¢A

7t

465



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 5, May. 2020.

i - index for plots of

Receiving short and long channel

6, - target azimuth

x
| plots, i=0 ‘ short channel
¥ % j : index for plots of
J= e il F=0% @=0) long channel
| - J, - }‘_ C: the number of
i merge candidates
| Extracting valu?s of r;, 6;,, ¥V, P; \ for ;’,D“
P 3 r, : target range
—] J J"" 1 | ‘7 Value for plot i

value for plot i

¥, : vector storing
velocity values
for plot /

Extracting values of ;. 6;. V;. P;
[

Has plot j already merged__

_—with other plots? —

Yes g L P, = vector storing

N PRIs of bursts in

which each
velocity of plot 7
is extracted

%R, : range threshold
for merging into
same target plots

‘ [ Ry tarcns R1=CompareCandidateVels(V;, V) ‘ On, : @zimuth threshold

3 for merging into
If (R, ;arcn = 0), C=C+1 and store rc=1r;.

same target plots

-=6,. V=R, etc.as the merge pabs(x) : absolute value
Candidates for plot i
¥

of x

¢ Riygaren * the value of 1
if two plots are
judged as the

Yes 1 No ‘same target, and

If (C>— 1), update r,, 0,, V, P, the value of o if

by merging candidate ¢ (the value 2e Another target

of o X abs(r;—. )+ X abs(6;—6,) of c is

most little among the me

= o

R - merged vector for

L fm r?e. o velocity vectars of
candidates (1,2,..7.C) o loT /) with o piote
plot i, (update values of », and ¢, to 5 P
mean values of merged plots, and 3 L : number of plots

of long channel

update to V; = V)
£3 X o, B:a+ p=1,a>0, >0

o — Yes % ¢ : index of merge
Merged output plots are formed by plot for
combining glots of updated short §
channel and plots of long channel ¥ 5 : number of plots
that are not merged with short channel of short channel
and remain, and output merged plots

J8 15, & Haeh A Hx A 3 A ek

Fig. 15. The flow of merging short and long channels.

| Receiving high and low channel plots, i=0 |
¥

‘ i=i+1, j=0,C=0 |75 i  index for plots of
_ 3 high channel
\ Extracting valuei of r;,6;, Vi, G, P; 7 ¢ index for plots of
— J=ji+1 high channel
— C': the number of
= + merge candidates
| Extracting values of +,, 6,, V;, G, P, for plot i
J— 3 — 3 ry : target range valuc
_Has plot j already merged for plot i
Yes —with other plots? = 6, : target azimuth value
“INo for plot 7
A ¥,: vector storing

ambiguous velocity
values, and finally
¥ storing velocity-
F——————— ab: . —6.) < @ resolved velocity
No m@l, 0:) < Oy candidates for plot i
IYes €, : vector storing belief
| [Rissatcns RI=CompareCandidateVels(V;, V;) values of "e,';’:'go‘ ;
¥ N
IT (R 0rcn = 0), C=C+1 and store rc=r; £y vector storing PRIs
je b in which
0c=0,, V=R, etc.as the merge pioeiciiodadions

each velocity of plot

Candidates for plot i iis extracted
2
3. T * W:number of plots
Yes ‘LfT!'Vﬁ of low channel

If (C>= 1), update r,, 6, by merging
candidate ¢ (the value of -
o X abs(r; —r,.)+B X abs(0;—0,) of c is
most little among the merge
candidates (1.2,..7,0) of plot /) with
plot i and update velocity candidate
vector V;and belief vector C, for V;
of which velocity amb[l/guuty is
resolved by using V;, Y
(update values of »;'and 0, to
mean values of merged plots, and
store ambiguity-resolved velocity
candidates™to )

(C== 0), update V;and C;
resolving by using V;

+

% ap: atp=1, a>0, B>0

% c: index of merge
candidates for plot i

*The velocity ambiguity
resolving is processed by
c applying the range
ambiguity resolving
method of the Bl process
to resolving the velocity
ambiguity.

% H': number of plots
of high channel

Merged output plots are formed b
combining ?Iots of updated high channel
and plots’of low channel that are not
merged with high channel and remain,
and output merged plots %

(velocity ambl%ulty reso.lvu:P is also
performed for the remained low channel
plots which are not merged)

8 16. MPRF 3¢ Ad5 7He] B AP <M=
Fig. 16. The flow of merging MPRF waveform channels.

466

[1]

[6]

[7]

References

A. M. Kinghorn, N. K. Williams, "The decodability of
multiple-PRF radar waveforms," in Radar Systems(RA-
DAR 97), Edinburgh, 1997, pp. 544-547.

T. H. Kim, E. H. Kim, and S. W. Lee, "Real-time PRF
selection for search/track in MPRF waveform airborne
radar," The Journal of Korean Institute of Electromag-
netic Engineering and Science, vol. 25, no. 10, pp.
1050-1061, Oct. 2014.

T. H Kim, J. W. Yi, and Y. J. Byun, "Real-time
selection of pulse repetition frequency(PRF) set for a
triple 2-0of-3 PRF scheme," Journal of Electromagnetic
Engineering and Science, vol. 13, no. 3, pp. 186-188,
Mar. 2013.

T. H. Kim, S. H. Ryu, J. H. Shin, H. W. Jeon, S. H.
Jang, and S. J. Kim, "Design of signal processing for
target detection and tracking based on high pulse repet-
ition frequency waveforms in airborne active electroni-
cally scanned array radars," The Journal of Korean Insti-
tute of Electromagnetic Engineering and Science, vol. 30,
no. 12, pp. 951-963, Dec. 2019.

T. H. Kim, H. W. Jeon, J. H. Shin, and Y. D. Kang,
"Improvement of detection ranges for targets in sidelobe
clutter surroundings by sigma-delta STAP for airborne
radars," Journal of Electromagnetic Engineering and Sci-
ence, vol. 19, no. 4, pp. 234-238, Oct. 2019.

B. R. Mahafza, Radar Systems Analysis and Design
Using MATLAB, 2nd ed. Boca Raton, FL, Chapman &
Hall/CRC, 2005.

D. Wiley, S. Parry, C. Alabaster, and E. Hughes, "Per-
formance comparison of PRF schedules for medium PRF
radar," IEEE Transactions on Aerospace and Electronic
Systems, vol. 42, no. 2, pp. 601-611, Apr. 2006.



A W F [LIGA A/ ATY)]

https://orcid.org/0000-0002-5296-2389

19993 3Y: B 8t AR (38
)

20073 3Y: A AR (78
L2

20109 11€: 414 A74

»A 20108 129~3AA: LIGH2ALF) del

— B e S I |

[F A Z0H ol Az Az, goltt A2, e 5

oA S LG 29/ d A7)

https://orcid.org/0000-0002-2735-1324

2011 29: FAWY FHFAIFH
(F34Ah

20179 1€~8A): LIGH 2~ 9(F) doltt
A4 Ada+4

A FZOH #eolth AlaA e, AFA

=
[s)

[

o T

A F [LIGHARALAT Y]

https://orcid.org/0000-0002-1907-6123

2014 2¢: Sy AAA AHFE)
(F8Ah

2016 2¥: Sty AAA| AE F 5
(84 Ah

20164 49 ~3A: LIGY 2= Y(F) doltt

‘\ - A7x HYR7
8 = BARO0H Folg 5A 24 =

=
T T AT T

9F d LG A/H AT

https://orcid.org/0000-0003-2750-6688

1996\ 29: Fejrhstar A5 (o
A4

19963 39 ~&A): LIGY 24(F) doltt

ATa FAAT

4 A 9 [LIGH A/ 9]

https://orcid.org/0000-0003-0527-3641

1993 29 =gty Fedas
s (384

199613 29: Sh=ggrista AAbs
(F8H42h

20001 8€: ek St A Abg ot
(8Herh

20009 98 ~&A: LIGI 2 (F) dolt

20N delt A28, 21F5 24, AR 4 5

467



