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Abstract  — In this paper, a research on coastal Radar to 
support C4ISR (Command, Control, Communications, 
Computers, Surveillance and Reconnaissance) was carried 
out.This coastal Radar has an advantage of easy to be 
transported in order to observe seas/coastal areas in different 
locations. The Radar technology used in this research is FM-
CW (frequency modulated continuous wave) with a S-band 
working frequencies, where this type of Radar has a LPI (low 
probability of intercept) capability. In this paper, the 
presentation is on antenna and hardware development, while 
the radar software is currently still on progress for the 
installation. The Radar consists of antenna system (dual 
antenna), an antenna moving parts (stator + motor), the high 
frequency part of RF (radio frequency), power supply, rotary 
joint for connecting between the RF with antenna, down 
converter to convert the signal RF to IF (intermediate 
frequency), power splitter 3-1 and 1-3 serves as a multiplexer 
and de-multiplexer. The mux/de-mux connects to the signal 
processing part of IF, part of the data processing and Radar 
signal, and the Radar display. The designed and fabricated 
antenna system produces bandwidth of 61.25 MHz, VSWR at 3 
GHz = 1.303, one degree of horizontal angle and vertical angle 
of 19.6 degrees. The measurement results show a similarity 
between the designed and the measured antennas, i.e., the 
vertical beamwidth <20 ° and antenna gain array of 27.52 dBi. 

Keywords-component;radar; coastal; radio frequency; 
antenna; continuous wave. 

I. INTRODUCTION 
Surveillance and navigation of Indonesian waters, which 

consist of more than 17.000 islands and 2/3 of them are seas, 
will be greatly helped by the use of a marine Radar. High 
transmitted power Radars on coastal areas can be used to 
monitor the seas up to tens of nautical miles or until the 
border of economic exclusive zone. At the moment, a 
transportable coastal Radar using FM-CW technology is 
under development and one of the primary researches at the 
RCET-LIPI.  

Indonesia as shown in the map on Figure 1 is surrounded 
by many countries including Singapore, Malaysia, Philippine, 
New Guinea and Australia. There are a lot of activities 
occurred in the Indonesian waters including legal and illegal 
activities. The security and transportation safety can be 
increased by the use of coastal Radar along the Indonesian 
coastal lines and at the remote Island close to boundary 
region. 

 

 
Figure 1. Indonesianmap. 

II. BASIC THEORY 

A. Radar FM-CW (frequency modulated continuous wave) 
The FM-CW radar systememits and receives the radio 

signals all the time. Almost all the time here can be 
interpreted as at least 10% of the time spent by the signal to 
reach target. This is a very large percentage compared to that 
normally used in radar pulses, where the energy emitted is 
usually less than 0.1% of the time. Thus, to obtain the same 
average received by the target, the pulse radar transmitter 
output power requires far greater than the power output of an 
FM-CW radar transmitter [1], [2], [3]. 

 
Figure 2. Radar system block diagramRCET-LIPI. 

III.  SYSTEM DESIGN 

B.  Specifications Transportable coastal Radar 
Researchspecificationsof coastalRadar  [6], [7], [8] : 
1) Transmitter: 

• Frequency: S band (2.8 - 3.1 GHz). 
• Ranges: 48 Km, 24 km, 12 Km, 6 Km, 3 Km.  
• Output power: 50 Watt. 

2) Receiver: 
• IF bandwidth: 512 kHz. 
• Number of range cells: 512. 
• Range cells: 125 m, 62 m, 31 m, 12 m, 6 m. 
• PC-Based processing system. 
• Standard PC display. 

3rd International Conference on Electric and Electronics (EEIC 2013) 

© 2013. The authors - Published by Atlantis Press 172



D

 

 

• Maxim
• Beat s

3) Freque
• Main 

oscill
• FM –
• Linea

synth
• Swee
• Fixed
• Frequ

32 M
4) Antenn

• Micro
• Dual 
• Azim
• Eleva
• Beam
• Vertic

5) Softwa
6) Featur

• Low t
• Low P
• No in
• Targe
• Dopp
• Able 

C. Desi
Figure 3 s

be stand alon
where there i
including all e
display, powe
down. Behind
provide electr
will be drawn

Ø

RAK MODUL

IF Modul

DSP Modul

DDS Modul

AIS Modul

Outriggers

Antenna AIS / GPS

20
0 

C
m

Figu

D. Ante
In this res

of 4.4 and thi
depicted on F

Rectangul
radiation from
where λ is the

mal beat frequ
signal samplin
ency Generati

frequency ge
lator). 
– Modulation. 
ar saw-tooth 
hesizer). 
ep (Sweep Rep
d sweep time o
uency Sweep: 
Hz. 

na: 
ostrip Patch ar
antenna confi

muth range: 180
ation range: -5

mwidth: < 1 de
cal beamwidth

are : IMO Stan
res of Transpo
transmit powe
Probability of

nterference to o
et tracking  
pler capability 
to be integrate

ign of Transpo
shows the desi
ne (stand alone
is a container
electronic dev
er supply, and 
d this contain
rical power su

n using a vehic

Indicator
 Display

UPS

LCD

LCD

Switch/Hub

ure 3. Design of

ennadesign 
search, we use
ickness of 3.2m
igure 4. 
lar patch, W 
m the edge of 
e wavelength o

uency 2 MHz.
ng by 16 bit A
ion 
enerator DRO

by using D

petition Freque
of  0.66 ms.  

2MHz, 4MH

rray with gain 
iguration for tr
0 degree 

5 degree up to 
egree. 
h: ~10 degree.
ndard + ARPA
ortable coasta
er (<= 50 W) 
f Intercept (LP
other Radars 

ed into a Rada

ortableCoasta
ign of a portab
e / not depend
r that contain

vices, radio fre
a device for t

ner there is a 
upplies. Conta
cle such as a tr

Tx Antena

Rx Antena

Control Mechanic

Outriggers

f coastal radar by 

ed FR4 as the 
mm. The desi

can be enla
the patch. Wh

of the dielectri

. 
ADC 

O (dielectric re

DDS (direct 

ency): 1,5 KH

Hz, 8MHz, 16

~ 30 dB. 
ransmitand rec

10 degree 

. 
A+ ECDIS 
l Radar 

PI) Radar 

ar network 

alRadar 
ble coastal Ra
ding on the ve
ns the Radar 
equency, comp
the ascending 
system gener
ainers and ge
ruck [6]. 

GENSET  UNIT

Outr

RCET-LIPI. 

substrate with
ign of this ant

arged to cop
hile L must b
ic medium. 

esonant 

digital 

Hz. 

6 MHz, 

ceive. 

dar can 
ehicle), 
system 

mputer + 
Radar-

rator to 
enerator 

riggers

h the εr 
tenna is 

pe with 
be <λ/2, 

die
the

im
of
[5

W ൌ  ଶ
ଶ୤ 

Where λ0 is
electric const
e equation: 

εeff ൌ ቀக౨
ଶ

To find the l

∆L
୦

ൌ 0.4

Lୣ୤୤ ൌ  
ଶ୤

L ൌ  Lୣ୤୤

Ground plan

After getting
mpedance Zr =
f square patch
]. 

R୰ ൌ 90

Dan, Xr = 0

Figure 4. O

ට ଶ
க୰ାଵ

s the vacuum w
tant patch. εre

౨శభ
ଶ

ቁ ൅ ቀக౨షభ
ଶ

ቁ ൬

length L can b

12 
ሺக౨౛౜౜ା଴.ଷሻቀ

ሺக౨౛౜౜ା଴.ଶହ଼

ୡ
୤ ඥக౛౜౜

୤ െ 2∆L

ne size equal t

Λ

Ω

g the antenna
= Rr + Xr half-
h antenna “for

 ቀ க౨
మ

க౨ିଵ
ቁ ቀ L

W
ቁ Ω

0 

One module anten

Figure 5. Simu

Figure 6. Sim

wavelength an
eff value can 

൬ ଵ
ඥଵାଵଶ୦/W

൰ 

be used the fol

ቀW
౞ ା଴.ଶ଺ସቁ

଼ሻቀW
౞ ା଴.଼ቁ

 

o the size of th

Λγ ε 6η +Λ 

Ωγε 6η +Ω 

a dimensions c
f-wave resonan
rmula Jackson

Ω 

nna construction 

ulated of return lo

mulated of VSWR

nd εreff is effe
be obtained 

llowing equati

he substrate:

can be determ
nce radiation p
n and Alexopo

 
by RCET-LIPI

oss  

R 

 (1) 

ective 
from 

 ሺ2ሻ 

ion : 

 ሺ3ሻ 

 ሺ4ሻ 

ሺ5ሻ 

(6) 

(7) 

mined 
patch 
olus” 

ሺ8ሻ 

 

 

173



 

 

 (a)

Figure 7. (a) S

For plana
27.86 dBi. 

Fig

Fig

Simulation
azimuth angl
angle of 19.6 

E. Ante
Based on 

as the coastal
arranged in a
seen in the 
design of th
antenna. Ant
described in th

Figure

Radom se
as rain, heat, 
corrosion and

 

 

Simulated gain on
array 4 x

ar antennas ar

 
gure 8. Azimuth

 
gure 9. Elivation

n of planar a
e of 1 º, whi
º. 

ennamechanic
the results of
  radar antenn

a planarantenn
image below

he drive syste
tenna used is
he previous ex

e 10. Radome des

erves as a prot
and dirt. So th

d can last a lon

F
M
M
A
S

ne antenna 12.76 
x 8 by RCET-LIP

re arranged, g

h 3dB beamwidth 

n 3dB beamwidth

antenna, acqui
ile the 3dB b

calsystemdesig
f research that
na consisting o
na. the mount

w.The above p
em for a po
s a 8x4 ante
xplanation. 

sign antenna syste

ective antenna
the antenna wi
ng time. 

Frequency 
Main lobe magnitu
Main lobe direcrion
Angular width (3 d
Side lobe level 

Frequency 
Main lobe magnitud
Main lobe direcrion 
Angular width (3 dB
Side lobe level 

 (b) 

dB, (b) Simulated
I 

generating a g

angle result 

h angle result 

ired 3dB beam
beamwidth ele

gn 
t used radar a
of 8 x 4 modu
ting position 
picture presen

ortable coastal
enna array th

 
em RCET-LIPI

a from weathe
ill not be exp

= 3 GHz
ude = 27.5 dB
n = 0.0 deg

dB) = 1.0 deg
= -12.6 d

= 3 GHz
de = 27.5 dB

= 0.0 deg.
B) = 19.6 deg

= -12.6 dB

 

d planar 

gain of 

mwidth 
evation 

antenna 
ules are 
can be 
nts the 
l radar 

hat was 

er, such 
osed to 

F.

co
Fo
na
the

A.

co
An
ma
mm
im

F

tha
se

B.

ad
an
rec
to 

F

C.

ba
ma
or
re
en
sy

B 
g. 
g. 
dB 

 
 
g. 
B 

 Antenn

Figure 1

The above 
ombiner, good
or transmitting
amely combin
ere are 10 ante

IV. 
 Antenna Rea

In the stud
oastal Radar a
ntenna simul
aterial having
m. Antenna m

mage below.

Figure 12.(a) Ante

1 module d
at was fabrica
en in the imag

 MechanicalR
Mechanics a

djusted to the
ntenna transm
ceiver antenna
reduce the iso

Figure 13. Realiz

 S-band RF sy
The Radar 

and or S-ba
anufacturing 

rdering materi
sults of its ow

nding with t
ystem is realize

• LNA (L
• Bandpa
• Mixer 

Input / outp

na Combiner D

11. Antenna com

image is a
d for receiver 
g antenna com
ner 1 to 4 and
enna combine

REALIZATION

alization 
dy conducted,
antenna  work
lation results
g εr value of 4
module fabrica

(a)

enna realization b
1x 4 for 1 modu

esign of anten
ated antenna 
ge below. 

Realization 
are made usin

e overall ante
mitter or rece
as have a rang
olation which 

zation antenna 64 

ystemRealizat
is designed to

and. Radar 
of circuit 

ials including
wn assembly 
esting or m
ed as follows:
Low Noise Am
ass Filter 

put 

Design 

mbiner design by R

a composition
antenna or tr

mbiner design
d 1 to 8. So 
er. 

N AND MEASU

, simulating  
king at a freq
 then fabric
4.4 to substra
ation results c

by RCET-LIPI, (b
ule by RCET-LIP

nnas used are
module into 4

 

ng aluminum-
enna size (8 
eiver antenna
ge called Air g
is derived from

 
module (TX and

tion 
o work on a 
development 
design, the 

g imported co
(local content

measurements. 
 

mplifier) 

 
RCET-LIPI 

n of an ant
ransmitter ante
ned using 5 pi

that on the w

REMENT 

for transpor
quency of 3 G
cated using 
ate thickness =
can be seen in

 
(b) 

b) Antenna realiz
PI. 

e 4 flats plana
4 pieces 1, ca

-framed, with
x 4 modules

a. transmitter 
gap. Air gap se
m each antenn

d RX) by RCET-L

3 GHz frequ
was started

gain calcula
omponents and
t), integration

Frequency 

Antenna 

tenna 
enna. 
ieces, 
whole 

rtable 
GHz. 
FR-4 
= 3.2 
n the 

ation 

ar, so 
an be 

h size 
s) for 

and 
erves 
na. 

LIPI. 

uency 
d by 
ation, 
d the 
, and 
radio 

174



 

 

• IF (Inter Mediate) Amplifier 
• IF Filter 
• Phase Detector  
• Bandpass Filter Beat frequency 
• Beat amplifier 

With Receiver Specification s-Band Radar of Realized: 
• frequency center   :   3 GHz (BW 60 MHz) 
• Impedance Input  :  50Ω 
• Sensitivity :  -100 dBm (0 dBμV) 
• Dynamic Range  :  40 dB (70 dB with attenuator) 
• Conversion Gain :  70db – 77 db 
• IF (intermediate Frequency) :  600 MHz 
• S/N ratio :    18 db 

 
Figure 14. Radar system, motor driver, frequency generator and power 

amplifier by RCET-LIPI. 

Modules and components that have been developed for 
the integrated frequency generator section are: Main 
frequency generator (DRO), 2.4 GHz signal generator, 
splitter 4, splitter 6, filters 400 MHz, 20 dB Coupler and 
Splitter 2.4. Figure 15 (a) states the frequency generator 
section assembly. 

 
Figure 15. Assembly frequency generator and transceiver. 

Figure 15 (b) shows the development of transmitters 
(including the frequency generator). The transmitter consists 
of an up-converter mixer, band pass filter, step attenuator, 2 
W power amplifier, coupler and power detector. Receiver 
assembly are shown in Figure 15 (c). The receiver section 
consists of: Low noise amplifiers, band pass filter, down-
converter mixer, IF amplifier, IF filter, IF mixer, a low 
frequency band pass filters, and amplifiers beat. On the 
development of frequency generator, transmitter, and 
receiver, some modules have been made by RCET-LIPI beat 
amplifier, IF filter, and IF amplifier. 

 

 
Figure 16. Overall radar antenna system, motor driver, frequency generator 

and power amplifier 

D. Antenna Measurement 
Antenna measurement carried out in the laboratory of 

telecommunications PPET-LIPI. Tool used to measure the 
antenna VSWR is a network analyzer that operates at a 
frequency of 50MHz-20GHz. 

 

 
Figure 17. Results of VSWR measurement antenna 

The value of VSWR ≤ 1.5 obtained in the frequency 
range from 2.967750 to 3.029 GHz so that the bandwidth of 
antenna is 61.25 MHz. This shows that the designed antenna 
meets the specifications set has a bandwidth of 60 MHz. 

 
Figure 18. Results of return loss measurment 

 
Figure 19. Results of antenna impedance 

Impedance of the antenna at a frequency of 3 GHz, 
resulting impedance of 52 ohms, this shows that the antenna 
has an impedance that is made is within their specification 
antenna is determined, that is equal to 50 ohms. 

Antenna radiation pattern is a representation of a 
comparison of levels of power out of the antenna in various 
directions. Antenna radiation pattern is measured at the 
antenna far-field region, due to the area that radiates 
electromagnetic waves are transverse full. The radiation 
pattern is measured by placing the antenna vertically or 
horizontally. 
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