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Abstract 

This document presents a study of out of band (OOB) 40 dB bandwidth requirements of 
spaceborne SARs in the Earth Exploration-Satellite Service (active) and Space Resarch Service 
(active). 

The purpose of the document is to study the OOB 40 dB bandwidth requirements and 
compare the 40 dB bandwidth B-40 as measured in simulations with that calculated using the 
ITU-R Rec SM.1541 equations. The spectra roll-off and resulting OOB 40 dB bandwidth of the 
linear FM signal is affected by the time-bandwidth product and the riselfall times. Typical 
values of these waveform characteristics are given for existing EESS (active) sensors. 

Introduction 

SFCG-23 Agenda Item 9.3 includes, as a topic for consideration by the SWGs, new active 
sensing applications and requirements. 

There is no WRC-07 Agenda Item which addresses the out-of-band emissions for the 
EESS (active). 

However, within the ITU, JRG 1A-1C-8B is addressing the "design objectives" 
highlighted in ITU-R Recommendation SM.1541 Annex 8 for Primary radars and EESS (active) 
sensors. This "design objective" concerns the possibility of making more stringent the 
requirement for radars with regard to the "roll-off" of Out-of-Band emissions and is a significant 
and important issue for the world-wide radar community and EESS (active). 

In this document, the 40 dB bandwidth B-40 as measured in simulations is compared with 
that calculated using the ITU-R Rec SM. 1541 equations. Annex 8 "OOB Domain Emission 
Limits for Primary Radar Systems" of the ITU-R Recommendation SM. 1541 includes active 
spaceborne sensors in the EESS (active) and SRS (active) as space-based radars covered by this 
recommendation. The 40 dB bandwidth B.40 is dependent upon the waveform characteristics of 
the spaceborne SARs within the Earth Exploration-Satellite Service (Active) and the 
Radiolocation Service. Optimum selection of waveform characteristics in order to improve the 
spectrum roll-off characteristics also improves the SAR image quality. Proper selection of the 
waveform characteristics typically yields increased spectra roll-off and improves the spectra roll- 



off and OOB 40 dB bandwidth. This document presents an analysis of the selection of 
waveform characteristics to optimize the out-of-band (OOB) 40 dB bandwidth using simulations 
and the 40 dB bandwidth B-40 as measured in simulations is compared with that calculated using 
the ITU-R Rec SM. 1541 equations. 

The spectra roll-off and resulting OOB 40 dB bandwidth of the linear FM signal is 
affected by the time-bandwidth product and the riselfall times, which may be unequal. Typical 
values of these waveform characteristics are given for existing EESS (active) sensors. 

Simulation of SAR LFM S~ectra 

The range bandwidth for the SARs normally range from 10 MHz to over 300 MHz. The 
return echo signal is normally downconverted to offset video frequencies and sampled slightly 
higher than the Nyquist rate. Synthetic aperture radars (SARs) within the EESS (active) 
typically have different modes for SAR imaging, SAR interferometry, and moving target 
indication (MTI). The active spaceborne sensor typically uses the synthetic aperture radar 
stripmap technique to obtain low azimuth resolution, typically uses the spotlight technique to 
obtain fine azimuth resolution, and typically uses MTI techniques for motion detection. The 
linear FM pulse compression technique is used to obtain both low and fine range resolution. The 
spectrum 40 dB bandwidth and roll-off rate is dependent on the time-bandwidth product (TBP) 
and the rise/fall time of the linear FM pulse, since the range spectrum skirts fall off faster with 
increased TBP and gentler rise/fall times. 

Figure 1 shows the range spectrum for chirp time-bandwidth products of 40 and 400 for 
rectangular pulses. Figure 2 shows the range spectrum for chirp time-bandwidth products of 40 
and 400, for trapezoidal pulses with riselfall times, both equal to 0.4 microsec. 

(a> (b) 
Figure 1. Chirp Spectrum with Rectangular Pulse 

(a) bandwidth=40 MHz, pulsewidth=l microsec (b) bandwidth=40 MHz, 
pulsewidth=lO microsec 
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Figure 3 shows the range spectrum for chirp time-bandwidth products of 40 and 400 for 
trapezoidal pulses with unequal riseifall times, one equal to 0.1 microsec and the other equal to 
0.4 microsec. Figure 4 shows the range spectrum rolloff for chirp time-bandwidth products of 40 
and 400, for trapezoidal pulses with riseifall times, both equal to 0.4 microsec. 
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Figure 2. Chirp Spectrum with Trapezoidal Pulse of Equal RiseIFalI Times 
(b) bandwidth=40 MHz, pulsewidth=l microsec, t , = t ~ 0 . 4  microsec (b) bandwidth=40 

MHz, pulsewidth=lO microsec, t,=tf=0.4 microsec 

Figure 3. Chirp Spectrum with Trapezoidal Pulse of Unequal RiseIFall Times 
(c) bandwidth=40 MHz, pulsewidth=l microsec, t,=0.4 microsec, tf=O.l microsec (b) 

bandwidth=40 MHz, pulsewidth=lO microsec, t,=0.4 microsec, tf=O.l microsec 
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Figure 4. Chirp Spectrum Rolloff with Trapezoidal Pulse of Equal Rise/Falt Times 
(d) bandwidth=40 MHz, pulsewidth=l microsec, tr=tf=0.4 microsec (b) bandwidth=40 

MHz, pulsewidth=lO microsec, t,=tf=0.4 microsec 

Effect on Necessarv Bandwidth and Out-Of-Band 40 dB Bandwidth 

In Annex 8 "OOB Domain Emission Limits for Primary Radar Systems" of the ITU-R 
Recommendation SM. 1541 are given formulas for necessary bandwidths and 40 dB bandwidth. 
For frequency modulated pulse radars, the necessary bandwidth (20 dB bandwidth) formula 
exceeds the symmetrical trapezoidal pulse case by twice the frequency deviation B,: 

For FM-pulse radars, the 40 dB bandwidth is: 

According to the notes in Annex 8, the pulse duration, t, is the interval between 50% 
amplitude points. The rise time, t,, is the time taken (s) for the leading edge of the pulse to 
increase from 10% to 90% of the maximum amplitude on the leading edge. When the fall time, 
tf, of the radar is less than the rise time, it should be used in place of the rise time in these 
equations. 



Table 1 compares the frequency deviation B,, and the 40 dB bandwidth B-40 for a 
trapezoidal pulse with unequal riselfall times, and the ITU-R Rec SM.1541 equations. The 
frequency deviation B,, is also the 6 dB bandwidth B4. Shown in the table is a shift in the center 
of the 40 dB bandwidth for unequal rise/fall times. The shift is to the left if the fall time is 
shorter than the rise time, and the shift is to the right if the rise time is shorter than the rise time. 
In both cases of unequal riselfall times, the 40 dB bandwidth B-4) measured in the simulation is 
less than that calculated using the ITU-R Rec SM. 1541 equations. 

In lTU-R Rec SM.1541 Annex 8, the roll-off rate is 20 dB/ decade, starting at the edge of 
the -40 dB bandwidth, then going from 4 0  dB to -60 dB over the decade. However, within the 
ITU, JRG IA-1C-8B is addressing the "design objectives" highlighted in XU-R 
Recommendation SM. 1541 Annex 8 for Primary radars and EESS (active) sensors. This "design 
objective" concerns the possibility of making more stringent the requirement for radars with 
regard to the "roll-off" of Out-of-Band emissions, such that the roll-off rate would be -40 
dB1decade. So, starting at the edge of the 40 dB bandwidth, the spectrum would drop from 4 0  
dB to -80 dB over the decade. Let a be the ratio of the riselfall time t, to the pulse width t, and 
B, t be the time-bandwidth product. For SARs within 1-10 GHz, typical of alpha are 0.01 to 0.1 
and typical values of time-bandwidth products are 40 to 4000. In Table 1, the values of alpha 
range from 0.001 to 0.4. Table 2 shows key parameter values of EESS (active) SAR 
characteristics of systems in the 1-10 GHz frequency range. 



Table 1. Comparison of B,, and BmdO for Trapezoidal Pulse with Unequal Rise/Fall Times, and 

40 dB 
Band- 
width, 
B-40 
(MHz) 

- 

70.1 
69.5 
69.3 
69.5 

148.2 
102.7 
104.8 
437.4 

92.3 
105.3 
105.3 
105.3 
169.0 
169.0 
169.0 
450.3 

Pulse 

- 
Trapezoidal 
Simulations 

TBP=40 
TBP=40 
TBP=40 
TBP=40 
TBP=40 
TBP=40 
TBP=40 
TBP-40 

SM. 1541 
Equations 

TBP=40 
TBP=40 
TBP=40 
TBP=40 
TBP=40 
TBP=40 
TBP=40 
TBP=40 

SM.1541 

Fall 
time 
(micro 
sec) 

0.4 
0.1 
0.4 
0.1 
0.01 
0.01 
0.1 
0.00 1 

0.4 
0.1 
0.4 
0.1 
0.01 
0.01 
0.1 
0.001 

40 dB 
Band- 
width 
Center 
Shift 
(MHz) 

0 
-3.2 
+3.1 

0 
0 

-20.1 
+18.8 

0 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

Equations 

Fre- 
quency 
Devi- 
ation, 
Bc 
(MHz) 

40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 

40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 

Band- 
width 
(MHz) 

40 
40 
40 
40 
40 
40 
40 
40 

40 
40 
40 
40 
40 
40 
40 
40 

Roll- 
off 
rate 
(dB/ 
dec) 

57.5 
48.5 
55.5 
42.5 
27.2 
30.0 
30.0 
18.2 

20 
20 
20 
20 
20 
20 
20 
20 

Pulse- 
width 
(micro 
sec) 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
I 
I 
1 
1 
1 
1 

ITU-R Rec 

Rise 
time 
(micro 
sec) 

0.4 
0.4 
0.1 
0.1 
0.01 
0.1 
0.01 
0.001 

0.4 
0.4 
0.1 
0.1 
0.01 
0.1 
0.0 1 
0.00 1 



Table 2. Key Parameters of Example EESS(active) SAR Systems 

Parameters 

Orbital Altitude, km 
Orbital Inclination, deg 
Transmitter Power into Antenna, W 
Modulation 
Pulse Width, microsec 
Pulse Rise/Fall Times, microsec 
Pulse Repetition Frequency, Hz 
RF Center Frequency, MHz 
Bandwidth, MHz 
Output Device 
Antenna Gain, dBi 
Mechanical Antenna Pointing 

Relative to Nadir, deg 
Electronic Beam Steering, deg 
Polarization 
Antenna Type 

SIR-C 
L-band 

225 
5 7 

4300 peak 
Linear FM pulse 
8.4, 16.9, 33.8 

0.1-0.4 
1240-1736 

1248.75 
10,20 

Solid state 
36.4 
15-55 

+I- 23 
HH,HV,VV,VH 

Planar array 

SIR-C 
C-band 

225 
57 

2250 peak 
Linear FM pulse 
8.4, 16.9, 33.8 

0.1-0.4 
1240- 1736 
5298.75 
lo, 20 

Solid state 
42.8 
15-55 

+/- 23 
HH,HV,VV,VH 

Planar array 

X-S AR 
X-band 

225 
57 

1400 peak 
Linear FM pulse 

40 
N/ A 

1240- 1736 
9600 
10,20 
TWT 
44.5 
15-55 

None 
VV 

Slotted WG 




