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Ship Detection by Satellite Data: Radiometric and Geometric
Calibrations of RADARSAT Data

Chan-Su Yang

Korea Research Institute of Ships & Ocean Engineering/KORDI, Yuseong PO Box 23, Daejon, 305-600, Korea
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ABSTRACT ' RADARSAT is one of many possible data sources that can play an important role in marine surveillance including
ship detection because radar sensors have the two primary advantages: all-weather and day or night imaging. However,
atmospheric effects on SAR imaging can not be bypassed and any remote sensing image has various geometric distortions. In this
study, radiometric and geometric calibrations for RADARSAT/SAR data are tried using SGX products georeferenced as level 1. For
radiometric calibration, information on the magnitude of the radar backscatter coefficient of the imaged terrain is extracted from the
processed image data. Conversion method of the pixel DNs to beta nought and sigma nought is also investigated. Finally,

automatic geometric calibration based on the header file is compared to a marine chart.
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Table 1 Microwave frequency bands and
corresponding satellites

Frequency, )
Band Wavelength, cm Satellite
. GHz
P 0.22540.39 133-77 AIRSAR
ALOS(PALSAR),
L 0.39-1.55 77-19
TerraSAR-L
5 1.55-3.90 19-7.7 E-SAR
ERS(VV-Pol.), Envisat,
c | 390620 77438 (VV-Pol), Envisa
Radarsat(HH-Pol.)
X 6.20-10.9 5228 TerraSAR-X
Ku 10.9-18.0 2.8-1.7 CyroSAT, RAMSES
Ka 18.0-36.0 1.7-0.8 RAMSES

Table 2 SAR modes of RADARSAT

Swath Resolution Incidence
Mode ] Looks
width(km) | rangexaz(m) angles
Standard 100 25%28 4 20-49
165 48-30x28 4 20-31
Wide swath 150 32-25x28 4 31-39
Fine res. 45 11-9x9 1 37-48
ScanSAR(narro 305 50x50 2-4 20-40
w, wide) 510 100x100 4-8 2049
Extended 75 20-19x28 4 50-60
(high, low) 170 63-28x28 4 10-23
L
Extended

) w
WIW2W3
. . Standard LW2, HI,H2,H3,H4H5 H6
2%0Km P Toe  51.52.53,54,5556,57
SO0kmKY F1.E2F3.F4F5 SNASNB.SWASHE
L 425km i

Fig. 1 RADARSAT beam modes and positions.
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Table 3 Product characteristics

Processing
Level

Mneum

omc

General Characteristics

Presentation plane/]
mage onentation/Ab
solute location error
/Relative geometric
distortion

Signal Data

Unprocessed radar signal.
Level 0 CEOS-formatted.

NA

Single Look
Complex

SLC

Amphitude and phase ar
¢ preserved. Data remain
s m slant range. Data is
calibrated.

Slant range
! To satellite orbit/
<750m / <40m

Path Image

SGF

Data 1s converted to gro
und range and multi-look
ed processed. Image rem
ains oriented in direction
of orbit path. Image is ¢
alibrated.

Ground range
/ To satellite orbit/
<750m / <40m

Path Tmage
Plus

Data is converted to gro
und range. Image remain
s oriented in direction of
orbit path. Data has finer
pixel spacing than Path I
mage. hmage is calibrate
d

Ground range
/ To satellite orbit/
<750m / <40m

Map Image

S8G

Image is corrected to a
map projection. GIS soft
ware and/or image proce
ssing_software.

Ground range
! To map/ <750m /
<40m

Precision

Map Image

Image is comrected to a
map projection. Chient-pr
ovided GCPs are used to
wnprove positional accura
cy.

Ground range
/ To map/ <40m /
<40m

Ortho-Image

Terrain distortions are r
emoved. Orthocorrected u
sing chent-supphed DEM
and maps.

Ground range
/ To map
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Table 4 File format for RADARSAT CEOS products,

RADARSAT?| ti71B 3} 7131873

Table 5 Fields 12 to 531 of the CEOS Radiometric Data
Record

% 3& RADARSAT Aol #2jads gio) we &7
AYg 7lgsich 494 0= RAW, #¥ 12 SLC, SGF,
SGX, °lx, @ 2+ SSG, SPG, ORIC| #ddrh of7]dx
£ SGXH o[BI AR5

E 4°]= CEOS X919 #Y Tz
E& 5719 w92 FAH] stk

& YERAUTE CEOSA]

3.7l &%

3.1 7|2 -™e] 7R

utolAzwrt FEEFH Wr]e ange I%S A9 ¥A
= AR &H3] Y3 e RAe opth F, FuH]
ud AzdolHels ¥dd, Wie, 9 ZTEE FAAYR
ut olyel, JlArIee AR BAse 9 sRNF
(katabatic wind)&%, U2 F83, 4 H2 2A3le d7] &
$E°] 4, 7] AAZY sHboundary rolls), B¢ ] hF
v] P (convective cells) = e AHolt)

A71A d7IRA L PAIRA SR F2 Gain¥ LIZH WE

£ $£A8ln »Aste Aol

File Name Record Name Mneumonic
Volume | Volume descriptor record vol_desc_rec Field| Mnemonic| Bytes |Forma Description
Directory | File pointer records file pntr_rec 12 | table des | 37-60 | A24 Designator
File Text record text_rec "OUTPUT$SCALINGSS.."
SAR leader file descriptor record sar_desc_rec 13 | n_samp 61-68 I8 Number of look up table
Data set summary record dataset_sum _rec samples, generally = 512
Data quality summary record qual_sum_rec 14 | samp_type| 69-84 | Al6 {Designator "GAIN$$$$$58S..."
Signal data histogram record sdr_hist_rec 15 | samp_inc | 85-88 14 |Increment between table entries
SAR Leader Processed data 16-bit histogram record pdr16_hist_rec (ra.ngc pixels) -
Processing parameters record proc_pam _rec 16- jlookup tab} 89-8265 |512E1| Output scaling LUT values Ai,
File Map proiection dat d map broi rec 527 6.7 linear values
p projection data recor: p_proj_! - -
" 529 |noise_scale] 8285- |F16.7| Thermal noise reference level
Platform position data record pos_data_rec 8300 (dB)
Attitude data record alt_data_rec 531 offset | 8317- |E167 Scaling offset A3
Radiometric data record radi_data_rec 8332 (linear, set to 0 for SLC
Radjometric compensation data record radi_comp_rec
SAR Data Image options file descriptor record. imop_desc_rec 3.2 Beta Nought E=A
) Signal data records sdr_data rec
File | processed data records pdr_data rec 2 dolele] g st Et F ANSLCY Ae, 19 Q)
SAR trailer file descriptor record sar_desc rec 9] DNe 2 B39 gxg gae 77|18 Jepdch AAY
Data set summary record dataset_sum_rec o] FFF A8 E 'CEOS ¥ Hiojg] 7] & 7]A=e] L
Data quality summary record qualsmree | g 5 2z), ol7loHE B4 DNE beta nought(3) E&
SAR Trailer| Signa! data histograms record sdr_hist_ree dolt] HE o WA o] tjaiy AT
File Processed data (8-bit) histogram record pdr8_hist_rec
Processing parameters record proc_parm_rec
Attitude data record att_data _rec B (} =10%* log 10[ (DN% +A3)/ AZ f] dB ey
Radiometric data record radi_data rec .
Radiometric compensation data record | radi_comp_rec 47 o]]}ﬂ A2] Ja{};‘“ =H LY gam A3E 3 Zg 224
Null ojt},
DnY::z::y Null volume descriptor record null_vol_rec A% = $149] Ascending® Descending==cf e} RE
Filo Near Range First®} Far Range First® dlo]€|7} whgoix|m

2 T3] Ao m} 2@

Near Range First
A2 = Al [+ (A y— Al D*((ilsamp _€0)—i D] @)
Far Range First

AZ A2L+[(A1U_All)*
((n _data 7zxel—] 1/samp _c)—i )] |

3.3 Sigma Nought 3
doltl FAxE (B Fole TPt A% FL sigma
noughtAte] 2] FAIE= th&3 o] XA}
G‘,’=ﬂ‘}+10*log lg(SinI,') daB (4)

A71NM, T & AR YA, o A& A7k el
A Rege etdAZa 7T
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Fig. 2 Comparison site of maritime chart(left)
andauto-geocorrected RADARSAT/SAR(right image).
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