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Abstract: Two different sensors (here, KOMPSAT and RA-
DARSAT) are considered for ship detection, and are used to
delineate the detection performance for their data. The experi-
ments are set for coastal regions of Mokpo Port and Ulsan Port
and field experiments on board pilot boat are conducted to
collect in situ ship validation information such as ship type and
length. This paper introduce mainly the experiment result of
ship detection by both RADARSAT SAR imagery and land-
based RADAR data, operated by the local Authority of South
Korea, so called vessel traffic system (VTS) radar. Fine im-
agery of Ulsan Port was acquired on June 19, 2004 and in-situ
data such as wind speed and direction, taking pictures of ships
and natural features were obtained aboard a pilot ship. North
winds, with a maximum speed of 3.1 m/s were recorded. Ship's
position, size and shape and natural features of breakwaters, oil
pipeline and alongside ship were compared using SAR and
VTS. It is shown that KOMPSAT/EOC has a good perform-
ance in the detection of a moving ship at a speed of 7 kts or
more an hour that ship and its wake can be imaged. The detec-
tion capability of RADARSAT doesn’t matter how fast ship is
running and depends on a ship itself, e.g. its material, length
and type. Our results indicate that SAR can be applicable to
automated ship detection for a VTS and SAR combination
service.
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1. Introdyction

With the increasing importance in monitoring ship
traffic in both coastal and ocean waters, an automatic
detection of ships, wakes, and ship velocity is very de-
sirable. By using land-based radar, Vessel Traffic Ser-
vice (VTS) has been developed and applied in water-
ways around ports. The control of ships near coasts is
currently supported by VTS radar but it is restricted be-
cause of available information limitations. In addition to
that, the coverage of monitoring ships by the traditional
VTS is limited to the bay area or the approach from the
sea to a harbour. There is a requirement for improving
the VTS to be able to cover areas where radar coverage
is almost impossible to achieve.

Yang and Park (2003) suggested an approach merg-
ing of satellite remote sensing and environmental stress
model to ensure marine safety for the navigational wa-
ters off the radar range.

As shown in Fig. 1, optical sensor such as KOMP-
SAT/ECO with a high spatial resolution can image
clearly ship and its wake, but it is difficult to separate the
two data individually. Figure 2 shows an overlay image

of ship and wake area extracted from KOMPSAT data
on the PTMS radar information. The acquisition time is
different to each other by 5 seconds because PTMS
backup data is updated every 20 seconds. Ship informa-
tion tracked by the PTMS during the data acquisition are
listed in Table 1. In the comparison of KOMPSAT with
PTMS radar, two ships (the Mi Ra, the Gwang Sun 2)
was not detected in the image and the Sam Yang 7 of §1
m long and 14.5 m across appeared as a bright dot.

Fig. 1 KOMPSAT/EOC subimage, Mokpo Southeast Coast of
South Korea, March 21, 2003, The right-bottom figure represents
the Korean Peninsula and Mokpo area.

Black(O-): PTMS(11:01:
Rod () KOMPSAT(11:0

Fig. 2 Overlay image of ship and wake area extracted from
KOMPSAT data on the PTMS radar information. The acquisition
time is different to each other by 5 seconds because PTMS backup
data is updated every 20 seconds.
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Table 1 Ship Information tracked by the PTMS during the data
acquisition as shown in Figure 1.

No | Ship name Breadth | Length | Status

1 | Jae11201 58m | 22m | O" @ VOyage
(moving)

2 Han Sung 2 4.5m 25m on a voyage

3 Jin San 2 3.6m [5m on a voyage

4 Hae Sin 3 4.0m 14m on a voyage

5 Mi Ra 3.0m 10m on a voyage
at anchor

6 Sam Yang 7 14.5m 8Im (stationary ot
stop)

7 Gwang Sun2 | 2.5m 12m at anchor

KOMPSAT/EOC has a good performance in the de-
tection of a moving ship at a speed of 7 kts or more an
hour that ship and its wake can be imaged.

RADARSAT has the capability to detect both station-

ary and moving ships on the ocean. Ships are good mi-
crowave reflectors, or hard targets, in a sense acting as
radar corner reflectors. They return a large portion of the
incident energy back to the SAR sensor and may appear
in the SAR imagery as relatively bright points or elon-
gated bright blobs. Due to this strong hard target behav-
ior, the location of fishing fleets can be easily deter-
mined using SAR imagery. Successful SAR detection of
ships depends, nevertheless, on the size and type of ves-
sel, the prevailing wind speed conditions, the SAR reso-
lution used and the viewing angle [Vachon et al. (1997),
Morse and Protheroe (1997), Wackerman (1996)].
A VTS and SAR combination service, therefore, could
be an alternative proposal to expand vessel-monitoring
coverage to ocean waters. The objective of this paper is
to present the results of field experiment in detecting
ships using RADARSAT-1/SAR File mode. VTS-radar
data was used to validate the ship position obtained from
SAR imagery and to obtain a vessel code. Because the
detection depends on the ship size and type, the inci-
dence angle, and the sea state such as wind speed and
wave height, in-situ data were measured and pictures of
ships were taken aboard a ship.

2. Data

1) SAR Image Data: Fine Mode

The SAR aboard RADARSAT-1 operates in the C-
band and with horizontal transmit and horizontal receive
polarization (C-HH). SAR images cover a swath width
of about 45 km and have an across-track spatial resolu-
tion of about 9m. This instrument can produce images in
seven different modes and with multiple viewing angles

ranging from 10° to 59°. RADARSAT-1 is sun-
synchronous satellite operating in near polar orbit at alti-
tudes of about 800 km. In the case of ship detection, the
probability of detection is enhanced at large incidence
angles (Vachon et al., 1996).

RADARSAT-1 satellite SAR data acquired on June 19.
2004 and processed at the Korea Earth Observation Cen-
ter (KEOC) as shown in Fig. 3. The Fine mode is proc-
essed to the path image plus level (SGX) with 3.125m
pixel spacing (F2) and the incidence angle is 41.2°. SAR
image is calibrated to geophysical (sigma-naught) values
of radar cross section (RCS) even if data numbers (DN)
on these detected images can be viewed as indicating
relative radar backscatter intensities.

2) Wind and Ship Information: VTS

Wind and radar data were acquired at Hwaamchu site
and transmitted to VTS center (PTMS in Fig. 4). The
line in Fig. 4 shows a trajectory moved aboard a pilot
ship as shown in Fig. 5. VTS refers to the services pro-
moting effectiveness improvement in port operation and
reduction in distribution cost by providing counsel or
required information for safe vessel service within the
range of not violating rights or exempting obligations of
the shipmaster via observing movement of vessels in
port area and entrance routes with the latest scientific
devices of radar, CCTV and VHF, etc. for the purpose of
increasing vessel safety and effectiveness as well as of
protecting environment.

Fig. 3 RADARSAT image, Ulsan Bay-centered East Coast of South
Korea, June 19, 2004.
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Fig. 4 Map of Ulsan Bay. Radar and weather data were measured
at Hwaamchu site. The bold line represents a trajectory of ship
used here.

Fig. 5 Ship used during the field experiment.

During the field experiment, northwest winds, with
speeds from 2.6 m/s to 3.2 m/s were recorded with 0.5 m
significant wave height. VTS tracks most shipping traffic
using shore-based radar. VTS data are available at
twelve-second intervals and consist of a vessel code
(ship name, position, speed, course and speed) on a map.
The code can be used to ascertain ship length, breadth,
depth, and type, and the VTS display can be overlaid
with radar images of ships.

A pilot ship was going around at Ulsan anchorage un-
der the RADARSAT pass and boarded taking photos of
ships along the line as shown in Fig. 4.

3. Ship Detection Results

The vessels tracked by the VTS and pictured aboard a
pilot ship are listed in Table 1. Figure 4 represents VTS-
Radar (X band) based ship locations and Fig. 5 shows
RADARSAT Fine mode image calibrated to sigma
naught. Vessels at anchorage No. 1 and No.2 as shown
in Fig. 4 are identified in SAR image (Fig.5). Breakwater
(B.W. in Fig. 4) is also not seen in the image, but the two
lighthouses at each end of the breakwater appear as a
bright dot. In addition, the pilot boat of length 14 m
made of FRP was detected by the Fine mode image but
was not apparent. The fine line between detected or not
detected is likely related to vessel type, vessel course
relative to SAR look-direction, or vessel material. For
example, the Hanyang Ace, a petroleum product tanker
has a scattered radar reflection property and then is rep-
resented by several parts of potential ship pixels in the
SAR data. The Haenam at the right-bottom of Fig. 4 was
identified by the RADARSAT but because there was a
discrepancy between the VTS Radar location and the
real ship location as revealed in VTS radar images(here
omitted). There was no evidence of ship wakes, but ship
detection rate for merchant vessels is almost 100 % in
this experiment.

Table 2 Ship Information tracked by the PTMS during the data

acquisition as shown in Figure 1.

Shi Ship | Len | Brea | De
P | Cod | gth( | dth( | pth( | Type of ship
Name
e m) m) | m)

HAN- Petroleum

YANG EIAC 78 13 7 Product

ACE Tanker

PA- .

ciFIC | % |84 |14 |8 g::lf:rcal

SAMBU

DE DA EED 90 16 8 Towing Tug
Liquefied

ALPHA 1AL 193 116 |7 | Gas(LPG)

GAS
Tanker

SEA SEA General Cargo

tne L |7 {2 |8 |ship

SU- SUP General Cargo

PERTE 185 [32 |16 neral Larg

C T Ship
Petroleum

HAE HAE

NAM N 60 10 5 Product
Tanker

ASIAN AS/

DY- D 193 | 32 20 Car Carrier

NASTY

BUNGA

KE- /il_q_n 236 | 42 21 Oil Tanker

LANA3 <
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Fig. 3 VTS-Radar based ship locations and codes. NO.1 and 2 are
anchorages.

Fig. S RADARSAT Fine mode image calibrated to sigma naught.

4. Concluding Remarks

Two different sensors (here, KOMPSAT and RADAR-

SAT) are considered for ship detection, and are used to
delineate the detection performance for their data. The
experiments are set for coastal regions of Mokpo Port
and Ulsan Port and field experiments on board pilot boat
are conducted to collect in situ ship validation informa-
tion such as ship type and length. This paper introduce
mainly the experiment result of ship detection by satel-
lite images and land-based RADAR data, operated by
the local Authority of South Korea, so called vessel traf-
fic system (VTS) radar. It is shown that KOMP-
SAT/EOC has a good performance in the detection of a
moving ship at a speed of 7 kts or more an hour that ship
and its wake can be imaged. The detection capability of
RADARSAT doesn’t matter how fast ship is running and
depends on a ship itself, e.g. its material, length and type.
Our results indicate that SAR can be applicable to auto-
mated ship detection for a VTS and SAR combination
service.
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