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RADARSAT: First Images 
D e n n i s  N a z a r e n k o ,  G o r d o n  S t a p l e s ,  a n d  C o r y  A s p d e n  

evaluation period. The 
image parameters are as 
follows: 

Location: Cape 
Breton Island, 
Nova Scotia, Canada 
Acquisition Date: 
28 November 1995 
Acquisition Time 
(local): 1741 (2141 
Image Center: 
N46.45, W60.31 
Mode: Standard 1, 
Ascending Pass 
Local Incidence 
Angle: 23 degrees 
Image Resolution: 
25 meters 
Image Size: 
Range - 132 km, 
Azimuth - 127 km 
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~igu% 1. RADARSAT Image of Cape Breton Island, Canada. 

Even under conditions Figure 2 (page 145) 
of darkness, overcast shows a portion of an 
skies, rain, and strong image acquired in the vi- 
winds, this RADARSAT cinity of Osaka and Kobe, 
image provides informa- Japan. Details of the full 
tion useful in many ap- image details are: 
plications. For example, 
geological features, in- 
cluding major fault lines 
are clearlv visible as are 
the remnants of glacial 
drumlin fields (bottom). 
Offshore, an inbound 
and outbound ship can 
be identified both from 
the bright returns of the 
ships themselves and 
from the residual ocean 
surface disturbance cre- 
ated by their wakes. 

Location: 
Osaka, Japan 

m Acquisition Date: 
7 December 1995 
Acquisition Time: 
2104 GMT 
Image Center: 
N34.61, E134.59 

m Mode: Standard 3, 
Ascending Pass 
Local Incidence 
Angle: 34 degrees 

m Image Resolution: 
25 meters 

Image Size: 
Range - 132 km, 
Azimuth - 133 km 

The water body 
(nearly black] in Figure 2 
is Osaka Bay with Kobe 
visible along the top 
shore and Osaka to the 
right. The two reclaimed 
islands visible off Kobe 
were severely damaged 
during the 17 January 
1995 earthquake. There 
is a distinct contrast be- 
tween the urban areas 
and the steeper moun- 
tainous terrain which 
appear as darker tone 
along the north (upper) 



shore of Osaka Bay. 
Once again, numerous 
ships are also visible in  
Osaka Bay. 

Overview of the 
RADARSAT Program 
The RADARSAT program 
was designed to provide 
operational functionality 
to meet Canadian and in- 
ternational Earth obser- 
vation requirements. As 
part of the process, con- 
siderable effort was 
spent addressing mission 
requirements from the 
perspective of data users 
(Parashar et al., 1993; 
Canadian Space Agency, 
1991). The results of 
this effort were incorpo- 
rated into the many ele- 
ments of the RADARSAT 
system. 

The satellite is 
equipped with an active 
microwave sensor that 
guarantees data collection 
independent of weather 
conditions and illumina- 
tion. Furthermore, 
RADARSAT's SAR an- 
tenna has selectable in- 
cidence (viewing) angles 
that can be optimized for 
specific applications, 
terrain conditions, and 
coverage area require- 
ments. With its range of 
selectable resolutions, 
RADARSAT can provide 
a wide range of products 
that meet the special re- 
quirements of each user. 

... considerable ' 
effort was 
spent address- 
ing mission 
requirements 
from the 
perspective of 
data users. 

Table 1. Key Beam Mode Performance Parameters 
I 

Standard Fine Wide ScanSAR (N,W) Extended (H,L) 
Nominal Swath Width [kml 100 45 150 300. 500 75.17n . . --. - - -  , - - -  . -, -. - 
Range resolution (m) < 25 < 9  <35 50,100 < 20 

Azimuth resolution (m) < 28 < 9  <28 50, 100 < 37.27, 27 
Peak impulse response 
sidelobe (dB) < -20 < -20 < -20 < -20 < -20 

Range ambiguity ratio (dB) < -20 

Azimuth ambiguity ration (dB) < -20 
Noise equivalent (dB) < -20 

Equivalent number of 
independent looks z 3.4 1 >3.4 14, 8 > 3.4 

Global dynamic range (dB) > 30 1 
Finally, with its different 
beam modes and "steer- 
able" antenna, RADARSAT 
can revisit the same area 
on a frequent basis. 

Satellite System... 
RADARSAT employs a 
near-polar, dawn-to-dusk 
orbit with latitudinal 
crossing at approximately 
the same solar time 
(nominally 0900 and 
1800 at the equator) each 
day. In a dawn-dusk 
orbit, RADARSAT remains 
in sunlight for longer pe- 
riods, providing maxi- 
mum power to operate 
the SAR. In addition, 
this orbit reduces poten- 
tial downlink conflicts 
with other satellites 
(such as ERS, SPOT, and 
Landsat). 

Data are collected 
continuously along a 
line parallel to the sub- 
satellite track offset to the 
right of nadir, approxi- 
mately 250 km. The nor- 
mal field of view is an 
additional 500 km off 
nadir. Data collection in 
the azimuth direction is 
limited by the maximum 
SAR on-time of approxi- 
mately 28 minutes per 
orbit. Although collected 
continuously, the data 
products are available on 
a frame-by-frame basis, 
with the spatial size of 
the frame dependent on 
the beam mode. Data 
acquisition rates for 

RADARSAT beam modes 
are consistent with the 
maximum 105 Mb/s real- 
time downlink capacity. 

RADARSAT is 
equipped with a C-Band, 
horizontal-like polarized 
SAR system looking to 
the right. SAR on-time 
will be approximately 28 
minutes per orbit, equal- 
ling about one-quarter of 
an orbit period (100.7 
minuteslorbit or slightly 
more than 14 orbits per 
day). The repeat cycle for 
an orbit will be every 24 
days; however, the re- 
peat coverage for a given 
area ranges from every 
day in Arctic regions to 
every sixth day at the 
Equator. RADARSAT 
will also have two on- 
board tape recorders 
facilitating data acquisi- 
tion over areas not cov- 
ered by ground receiving 
stations. 

RADARSAT Beam 
Modes...~he WARSAT 
SAR has the flexibility 
to operate in seven beam 
modes (Luscombe et al., 
1993), providing data 
with varying image char- 
acteristics. RADARSAT 
beam modes include 
Standard, Fine, Wide, 
ScanSAR, and Extended 
(Table 1). For each of the 
beam modes, a number 
of beam positions can be 
programmed, providing 

users with a wide variety 
of acquisition options. 

The implementation 
of RADARSAT's ScanSAR 
imaging mode (Luscombe 
et al., 1993; Raney et al., 
1991) is unique among 
spaceborne SARs and will 
provide a useful wide 
area coverage capability 
with total swath width 
of either 310 or 505 km 
at reduced resolution, 
but with no increase in 
the mean data downlink 
rate. The basic approach 
to ScanSAR implementa- 
tion is to share'SAR op- 
erational time between 
two or more separate sub- 
swaths in such a way as 
to obtain complete cov- 
erage of each sub-swath, 
and to allow sufficient 
time for the synthetic ap- 
erture to image the sub- 
swath at the required 
resolution. The imaging 
operations are formulated 
into a series of blocks 
which produce a unique 
return from each sub- 
swath. Beam switching 
is fast enough so that 
each sub-swath adjoins 
or overlaps. Depending 
on the sub-swath location 
as a function of the inci- 
dence angle, one or more 
pulse repetition frequen- 
cies (PRF) are required 
for a given sub-swath, 
which may cause a loss 
of up to nine pulses 
between blocks of data. 
A block of data is, how- 
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ever, typically 1,000 
pulses in length; so, a 
nine-pulse loss is toler- 
able. 

Although several 
ScanSAR beam combina- 
tions are possible, 
RADARSAT will routinely 
employ two beam modes 
-ScanSAR Narrow and 
ScanSAR Wide. For 
ScanSAR Narrow, imag- 
ing alternates between- 
the three Wide swath 
beams to produce a 
swath of about 300 km. 
ScanSAR Wide uses two 
Wide swath and two 
Standard swath beams to 
produce a continuous 
swath of around 500 km. 
To achieve ScanSAR 
swath widths across in- 
cidence angles ranging 
from 20 to 49, the PRF is 
lower than previous sat- 
ellite systems and dictates 
the use of the longer 15 m 
antenna to provide an 
azimuth beam width of 
0.2 (nominal). 

Satellite CoIItrol...~he 
satellite is controlled from 
ground facilities located 
at the Canadian Space 
Agency in St. Hubert, 
Quebec, Canada. Inter- 
national requests for 
data acquisition from 
RADARSAT will be coor- 
dinated through the 
Canadian Order and Dis- 
patch Desk (CODD), lo- 
cated at the offices of 
RADARSAT International 
(RSI) in Richmond, Brit- 
ish Columbia, Canada. 
RADARSAT SAR data 
can be downlinked in 
real time to two Cana- 
dian (Prince Albert, 
Saskatchewan and 
Gatineau, Quebec), one 
American (Alaska SAR 
Facility), and other for- 
eign ground stations, or 
can be recorded on one 
of RADARSAT's tape re- 
corders and downlinked 
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Fi, - ene of 0 .. . 

to the Gatineau receiving network. This will en- 
station in Canada. There, sure the fastest possible 
it will be processed us- turnaround of data to 
ing the Canadian Data the user. 
Processing Facility 
(CDPF). This high speed, Radiometric 
moderate throughput 
processor is designed to 
process and deliver data 
in as little as four hours 
after receipt to serve op- 
erational users primarily 
located in Canada. This 
requirement meets the 
needs of the Canadian 
Ice Centre, which will be 
a major user of 
RADARSAT data. In the 
future, it is expected that 
similar RADARSAT SAR 
processors will be in- 
stalled in other coun- 
tries, in regions such as 
Europe and Asia as other 
ground receiving sta- 
tions are added to the 

Calibration...~he Image 
Data Calibration System 
[IDCS) within the CDPF 
provides overall SAR 
image calibration for 
RADARSAT. The IDCS 
capability includes 
analysis of internal cali- 
bration measurements 
performed routinely by 
the onboard calibration 
subsystem and imbedded 
in the radar telemetry 
downlink, and external 
calibration from ground 
calibration sites in 
Canada. The ground 
calibration sites, includ- 
ing receivers and corner 

reflectors, measure signal 
strength, and transpon- 
ders transmit a calibrated 
signal to the spacecraft. 
Foreign calibration 
ground-sites may be used 
if required. 

The objectives of the 
IDCS as outlined in the 
RADARSAT Systems 
Specifications (Canadian 
Space Agency, 1993) are 
to provide calibration 
capacity to: 1) correct for 
radiometric drift calibra- 
tion and range pulse dis- 
tortion compensation for 
the SAR instrument (ex- 
cluding the antenna); 
and 2) determine beam 
pattern and beam point- 
ing information for the 
SAR antenna. The design 
goal (Brown et ol., 1993) 
applies to all RADARSAT 
beam modes and requires 
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One of the key 
benefits of a 
SAR sensor is 
guaranteed 
acquisition of 

, data. 

Delivery Processing Method of 
Category l h e  Delivery 
Non Near-Real Time Regular 2 weeks Courier 

Rush 2 days Courier1 
Electronic 

Near-Real Time 4-6 hours Electronic 

the relative radiometric mission planning. Sec- Table 2. Product Turnaround Times 
error to be not greater ond, there may be a need 
than the following: for sustained information 

gathering, requiring reli- 
100 krn scene, 1.0 dB ability in data availability. 

w one orbit, 1.5 dB For instance, in  1993, 
3 days (orbit repeat parts of the Mississippi 
sub-cycle), 2.0 dB River in the United 

rn 5 years (in-orbit life- States remained at or near 
time), 3.0 dB flood levels for several processor in  Canada References 
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