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Frequency-Diverse Array Radars
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Abstract

If the same azimuth angle is maintained in phased-array radar, it is impossible to distinguish the range. To solve this problem,
frequency-diverse array radar has been proposed; many studies have been conducted recently. If the phased-array radar arranges signals
with different phases and projects a beam at one azimuth angle, the frequency-diverse array radar produces a two-dimensional beam
that distinguishes range and angle by arranging signals with the same phase but different frequencies. Frequency-diverse array radar
produces a beam directed to a target by changing the frequency offset between neighboring array elements. The beam pattern varies
according to whether the frequency offSet is constant or variable, and whether it is linear or non-linear. Compared to phased-array radar,
there are significant advantages including target-detection accuracy; there are also several disadvantages. In this paper, we discuss
frequency-diverse array radar and its future, considering research achievements and applications to improve performance and overcome
its disadvantages.

Key words: Radar, Frequency Diverse Array Radar, Phased Array Radar

2w goltke] £AE A3 Hete T o
oF ¥ & (FDA, frequency diverse array) & ©]th7} 200613 A
& AgtE 0% we Ayt Aol 94 wjd

.M E

91 ZHangle)o]l oW A (range) 7ol BT

Fo] Azks AR(TE/)2HRENR)e] AP0 T FTATLATEE] A 9S wol 438 AFY(No. 2022RIFIAI072478).,
Stralg i et 71424887 (Department of Electrical and Electronic Engineering, Korea Aerospace University)

- Manuscript received October 19, 2023 ; Revised September 14, 2023 ; Accepted January 9, 2024. (ID No. 20231019-001S)

- Corresponding Author: Choon Sik Cho (e-mail: cscho@kau.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 85
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 35, no. 2, February. 2024.

glojthrt 7ol e A ES WEate]

Zto g fFAbstE d ot FDA #loltt

U Fo7t g2 A5 ES wgsty
T

12
tlo
o

rlr
N
N
& (o Hdo

it

e dlo

N
5=

o

o @
£

N rlr
1
I
]
[o%
oft
E
o [
P,L

H
T off -Ho
oot S rlo et
e

s
o
hy
=
L
AL
1o
ol
do
N
o
-
Hr
QL
rir
)

g o ox oX
oX,
ofr
o

\N
~

ot o
2
o
—_— mlo
g
e ok
2 (ol
ok,
ot o
i
o o

L
2
=
A
futes
=y
rm
1o
oft
ox
o
st
L)
(R
)
ﬁ

&N

-

1E ox

< =

olf ng

rol w
o

/8] FDA #lolth= 1) A2 2 9
A, 2) 14 Hol7] B8 3) A Av:
2349 AAgRE w9 FHold FHo] EAjst
HA APEA A fFElsh, 1) B el Aol
delo] Ao} W97t A3 AEHEHE E,
FE(SLL)o] =4 Yehve A7, 4) 95 5
Al | Fuigho] 71302 Yehys A4 5o B
ol EAjgict.
oj9} & TAE Azt st s A2t A
o} gkl $A W sjele AHAdS
AR ARESHAY Al EA]

o[\
AR

2 &

? o & ©
w
SN~

B
K=
e
fol

-

ook 4T H M o T

flo w

T
-0,
=
o
=)
of>
r
r
fol
fl
2
b
£
> T
folr ofX
2o N -z orlo

= ok
b Ej il
>

O
@ Ay [ oot fo

ol

12

3

[P

)

1o

re

-4

iy
oo

glojthe] Jid At o
g doltrt Algsks § 4 Adseolv |
o] el obd wiAA Xatal gick ek 4
78 B354 812 ZHNE FDA7) 8538 A
uroll ¢itk. 1213 FDA #o|ts $l3 EAAI
AFE A Ak gloy AA TEE A=
Tt} wEhA 2 Jo A= FDA #olthe] 71&E
23 FAA, T8 gHd TAE A $
3 A7LARE 2o sast

=2

SO

o P
ro, o il lo oo
o

r N2 off
1o

R
o2

II. FDA 2fo|Ctel O|&

UEERST

2

o F34 2

[

Ae Adshd 19 13

86

Pulse 2 % § § § . .

Pulse 1 § =
............. rr¥Eny

O 1. FDA doltte] Hzx A Al
Fig. 1. The first proposed concept for the FDA radar'.

2ol FET 7 gl 91430l Zotk Adoldt WE A
8 4= 9lE FDA dlolthrl 20064 A3 Al otE o, o]
= 973 g Foltke] A A A RS §71H L
o e g9S Artstatl wid &9 7k 3
T o4& A HE FAHY NEEE IZF
Fdo] AuA I8 29 2 712 EES] §

X
oo
nE oy o v T

b rir
a3
2 3} oo
ot
Uiy

we -
>

I 2001M mAA FA AT 5,()

B gons

| () o] v

S, (1) = 2! (1)
Atk NN 1, =fo+mAf, m=0,1, .., M—10]1
foE W R ArE FOE QI M WLe] )
g Q7= 9% F BT 29 0, r FH A

f 0 f 1 fg f M—1
fow=fo+mAf,m=01,...,1 M -1

T8 2. FDA @ojtte] 7] Fgei
Fig. 2. The basic concept for the FDA radar?,



slant range [m]

80 60 -4 20 0 2
azimuth angle [deg]

(a) FDA #lolthé] 2-D ¥ =¥
(a) The beam pattern for FDA radar

1.8

1.6

1.4

1.2

slant range [m]

0.8

0.6

0.4

0.2

-80 -60 -40 -20 0 20 40 60 80
azimuth angle [deg]

(b) PA(phased array) #|°|tte] 2-D H =¥
(b) The beam pattern for PA(phased array) radar

T2 3. FDASH PA #Holthe] 2-D ® siel 2ol
Fig. 3. The beam pattern difference between FDA and PA
(phased array) radars in 2-D'.

A71H ¢ ol LS vehith &b MY 24 7
o ALY W, mAA) WG 249 B4 7he] ATE 43)
3 2}

F3h4 thak g el

7,y =7, —mdsing (3)

M—-1
AF(t0,r) =Y exp[jZ;rfm(t Cm )}
m=0"m 0
1 7
= exp[jZ;rfO(tO)]
70 Co
M1 Afr df,sinf
X Zexp j2n|lmA ft —m %+ m OC 0
m=0 0 0
o A fdsing
& )
o8 1A,
o ¢? sin(MrX)
AF(t:6,7) = 7, sin(zX) Q)

7FHA 9714 0 2 X 4 (6) B A (7)o YERSITH

A dsind
@=27rf0(tfﬁ +x(M—1) fr°+;r(M71)7f° o
€/ ) &
b)) AL 1) a g
0 (6)
Afry, df,sind i
X=Afie S 0y 1o n A fdsind

co ¢ o (7)

2] (5)ell Uebd 29 FDA glojthe] v elAl= A
2o Y9Iz ol ol $A Bl g #olthe
W d ozt 893 tes & F Utk A A (7)Y X
= A 8)F 7o utojM HHE 4 Qlth

vy dfesingd | dsing

= Af(tc(f N @®)

JHEE, 9=03 0=rn/20149] vl Az HUNZk

Aol (;—;)(%)wiw W Rl $4 HHE a/a,
G F3he 9ZA Ar9 BHUS L 4 YUk o F 2D
2 Uehe 19 33 2o 3D uehe 19 49
2ol Ho] 944 M dolrre] W e} oj S 23 A
29} SAHCRZ T wo] Heha WS Kol T Tk

944 W dolttst vlLstel Ae wEye BAZ



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 35, no. 2, February. 2024.

CF Transmit Spatial Patern, 10-68 Beamwidth

Y 100 400 X (km}

T2l 4. FDA(9%)8t PA(REZ) dotte] 3-D ¥ djel

Aol
Fig. 4. The beam pattern difference between FDA(left) and
PA(right) radars in 3-D.
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