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Abstract—In this paper we present simulation results that 
show the effect of the two-way peak sidelobe levels on the 
signal-to-interference-plus-noise ratio (SINR) loss curve, as 
a function of clutter-to-noise ratio, for a monostatic space-
based Ground Moving Target Indicator (GMTI) radar 
operating at L-band in a low earth orbit. We perform Space-
Time Adaptive Processing (STAP) using the Joint Domain 
Localized (JDL) algorithm [1] and examine the effect of two 
receive antenna weighting functions on the SINR loss curve: 
a) uniform weights, and b) Taylor array factor weights. 
When STAP is performed using the JDL algorithm, the 
number of required spatial degrees-of-freedom determine 
the number of beams that are formed. The large aperture 
antennas used in space-based radar (SBR) are often 
partitioned into subarrays, and JDL auxiliary beams are 
formed by steering the receive array factor. Steering the 
receive array factor gives a different peak sidelobe level for 
each beam. We show that when the transmit antenna is 
uniformly weighted, the two-way peak sidelobes which 
affect the SINR loss curve are due to the first few sidelobes 
of the transmit pattern. A uniformly weighted receive 
antenna results in a narrower mainlobe and, therefore, a 
narrower SINR loss notch. However, this comes at the 
expense of increased sidelobe clutter levels when operating 
in a strong clutter-to-noise environment. Simulations are 
used to show that the best receive antenna weighting scheme 
depends on the clutter environment in which the radar 
operates. 
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1. INTRODUCTION  

STAP is often used in GMTI radar to suppress clutter, so 
that slow moving targets can be detected. Clutter is due to 
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unwanted radar returns from the natural environment and 
man-made structures such as water towers, buildings, etc. 
GMTI performance degrades from the noise-limited case 
whenever clutter returns exceed the receiver noise level. The 
SINR loss curve provides a measure of the loss in 
performance, as a function of Doppler. Minimizing this loss 
is difficult for SBR due to the satellite velocity. Large 
aperture antennas are used in SBR to reduce the mainlobe 
clutter spread and the width of the SINR loss notch, and also 
to meet power aperture requirements. 

One factor that is often used to determine the antenna peak 
sidelobe specification for a GMTI radar, is the two-way 
antenna pattern needed to suppress sidelobe clutter below 
the receiver noise floor. In this paper we present simulation 
results that show the effect of the two-way peak sidelobe 
levels on the SINR loss curve, as a function of clutter-to-
noise ratio, for a monostatic space-based GMTI radar 
operating at L-band in a low earth orbit. When the two-way 
peak sidelobe levels are inadequate, sidelobe clutter will 
appear above the receiver noise level. When STAP is used 
to cancel the sidelobe clutter, a series of ‘mini-notches’ are 
introduced into the SINR loss curve, causing ripple in the 
SINR loss curve. Each ‘mini-notch’ occurs at the Doppler 
corresponding to the angle of the peak sidelobe. This effect 
gets worse as the clutter-to-noise ratio increases since more 
sidelobe clutter appears above the receiver noise level. 
Clutter-to-noise ratios from 35 dB to 50 dB were examined 
by increasing the grazing angle of the radar from 15 degrees 
to 60 degrees, and a clutter-to-noise ratio of 60 dB was 
simulated by increasing the peak power of the transmitter. 
Clutter-to-noise ratio can be defined a number of different 
ways. In this paper, clutter-to-noise ratio refers to the 
integrated (i.e., over all pulses) clutter-to-noise ratio for the 
entire antenna. This definition is convenient because it is the 
clutter-to-noise ratio that is input to STAP. 

The results presented in this paper were generated by 
applying STAP using the JDL algorithm, to datacubes which 
were simulated by the Research Laboratory Space-Time 
Adaptive Processing (RLSTAP) tool [2]. RLSTAP is a high 
fidelity radar simulation and analysis tool that supports 
modular synthesis of the entire radar process, including 
homogeneous and site-specific clutter models, detailed 
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modeling of the transmit waveform, antenna architecture, 
and receiver characteristics. RLSTAP models signals and 
the radar hardware at the sampled waveform level, and all 
geometry calculations are updated on a pulse-to-pulse basis, 
to capture effects such as range walk and Doppler walk. 
RLSTAP was primarily used to generate datacubes, that 
contain range, channel, and pulse data, organized as a 3-
dimensional matrix. The primary radar parameters used in 
our RLSTAP simulations are listed in Table 1. The 

simulated radar geometry is illustrated in Figure 1. The 
grazing angle of the radar was increased from 15 degrees to 
60 degrees by increasing the mechanical elevation angle of 
the antenna. 

Figure 2 shows the architecture of the antenna array used in 
our simulations. The size of the antenna array is 2 m in 
elevation by 50 m in azimuth and is organized as 32 non-
overlapping subarrays that are arranged in-line in the 

Table 1 – Radar parameters for L-band SBR simulation 

Parameter Value Units 

Center Frequency 1.26  GHz 

Waveform LFM chirp  

LFM Bandwidth 10 MHz 

Pulse Width 80 ms 

Pulse Repetition Frequency (PRF) 2000 Hz 

Coherent Processing Interval (CPI) 128 pulses 

Peak power 25 kW 

Receiver Noise Figure 3.0 dB 

Antenna Length 50 m 

Horizontal Element Spacing 0.5468 wavelengths 

Antenna Height 2 m 

Vertical Element Spacing 0.70 wavelengths 

Azimuth Steering 0 degrees 

Elevation Steering 0 degrees 

Horizontal Subarrays 32  

Vertical Subarrays 1  

Subarray Spacing (non-overlapped) 1.56 m 

Radar Altitude 506 km 

Radar Speed 7609.3 m/s 

Radar Direction North  

Clutter Type Homogeneous  
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Figure 1 – L-band SBR viewing geometry 
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azimuth direction. Each subarray contains 12 radiating 
elements in the azimuth direction with element separation of 
0.5468 wavelengths and 12 radiating elements in the 
elevation direction with element separation of 0.7 
wavelengths. The same antenna was used for transmit and 
receive. In this paper we partition the antenna into 32 
subarrays for the receiver (32-channel receiver) and use the 
full aperture for the transmitter. 

2. PEAK SIDELOBES FOR JDL  BEAMS 

STAP is often used in GMTI radar to suppress clutter so that 
slow moving targets can be detected. When STAP is 
performed using the JDL algorithm, the number of required 
spatial degrees-of-freedom determine the number of beams 
that are formed. The JDL beams consist of one main beam, 
and a number of auxiliary beams that are usually 
symmetrically arranged about the main beam. Figure 3 
shows the one-way receive JDL beam patterns for uniform 
weights when using 3 spatial degrees-of-freedom. The 
beams are spaced l /2L radians apart, where L is the length 
of the antenna. 

In this section we present simulated antenna patterns that 
show the peak sidelobe levels for these JDL beams. For 
clutter cancellation using STAP, it is the two-way peak 
sidelobe level that is important and not simply the one-way 
peak sidelobe level in the receive antenna pattern. When the 
two-way sidelobe levels cause sidelobe clutter to appear 
above the receiver noise floor, mini-notches appear in the 
SINR loss curve output by STAP. One factor that 
determines the one-way peak sidelobe specification for the 
receive antenna is the anticipated level of RF interference 

from TV, radio, jamming, etc. The effect of RF interference 
on the performance on STAP is not discussed in this paper. 

The JDL main beam is formed by electrically steering all 
antenna elements to the desired azimuth-elevation direction. 
Taylor weighting is often used at the antenna element level 
to reduce the antenna sidelobes. When Taylor weighting is 
applied at the array factor level (i.e., stepped Taylor 
weights), grating lobes appear in the antenna pattern because 
the array factor grating lobes increase in width and are no 
longer cancelled by the nulls in the subarray pattern. This 
effect gets worse, the further the main beam is steered from 
broadside in azimuth. The angular separation between the 
grating lobes is determined by the subarray phase center 
spacing in the antenna. 
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Figure 2 – L-band SBR antenna architecture 

 
Figure 3 – One-way receive JDL beam patterns for uniform 

weights and 3 spatial degrees-of-freedom 
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When a uniformly weighted transmit antenna is used, the 
one-way receive peak sidelobes are suppressed in the two-
way pattern and have negligible effect on the performance of 
STAP. The one-way receive and two-way main beam 
patterns at the maximum azimuth steering angle of the radar 
(45 degrees) are shown in Figure 4. The receive antenna 
pattern is equal to the subarray pattern multiplied by the 
array factor. The subarray pattern, array factor receive 
pattern, and composite two-way antenna pattern are shown 
in Figure 4. The two-way peak sidelobes shown in Figure 4 
are due to the first sidelobes in the transmit antenna pattern. 
The patterns in Figure 4 were generated using the following 
parameters: 

(1) Uniform weighting within each subarray. 

(2) Taylor weighted receive array factor (SLL = 45 dB, 
nbar = 6). 

(3) Uniformly weighted transmit antenna. 

(4) Azimuth steering direction = 45 degrees. 

(5) Elevation steering direction = 0 degrees. 

The large aperture antenna illustrated in Figure 2 is 

partitioned into 32 subarrays. The JDL auxiliary beams are 
formed by steering the receive array factor since the STAP 
processor only has access to the subarray signals and not the 
individual element signals. When the auxiliary beams are 
formed, the subarray pattern nulls no longer coincide with 
the receive array factor grating lobes, and the sidelobe levels 
increase further. Steering the receive array factor gives a 
different peak sidelobe level for each beam. When a 
uniformly weighted transmit antenna is used, the one-way 
receive peak sidelobe levels are suppressed in the two-way 
pattern, and have negligible effect on the performance of 
STAP. The one-way and two-way auxiliary beam patterns 
for the 3rd JDL beam are shown in Figure 5. 

In summary, the one-way receive peak sidelobes are due to 
the grating lobes in the array factor pattern, while the two-
way peak sidelobes are due to the first sidelobes of the 
uniformly weighted transmit antenna. It is the two-way 
sidelobes levels that determine the impact of sidelobe clutter 
on STAP performance. When the two-way peak sidelobe 
levels are inadequate, sidelobe clutter will appear above the 
receiver noise level. When STAP is used to cancel the 
sidelobe clutter, a series of ‘mini-notches’ are introduced 
into the SINR loss curve, causing ripple in the SINR loss 
curve. Each ‘mini-notch’ occurs at the Doppler angle 

 

Figure 4 – One-way receive and two-way JDL main beam patterns 
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corresponding to the angle of the peak sidelobe. This effect 
gets worse as the clutter-to-noise ratio increases because 
more sidelobe clutter appears above the receiver noise level. 

The antenna patterns shown in Figure 4 and Figure 5 are 
center frequency patterns, and do not include wideband 
effects. Also, the large aperture SBR antenna described in 
this paper will suffer from some mechanical deformation, 
which can change the peak sidelobe levels. Mechanical 
deformation effects are not addressed in this paper. 

3. RESULTS 

RLSTAP simulations were used to determine the effect of 
the two-way peak sidelobe levels on the SINR loss curve, 
for different clutter-to-noise ratios. To simulate different 
clutter-to-noise ratios, the grazing angle was increased from 
15 degrees to 60 degrees. Using these grazing angle 
extremes, the clutter-to-noise ratio increased from 35 dB to 
50 dB. A clutter-to-noise ratio of 60 dB was simulated by 
increasing the peak power of the transmitter. RLSTAP 
simulations were also used to compare the effect of two 
receive array factor weighting functions on the SINR loss 
curve: a) uniform receive array factor weights, and b) Taylor 

receive array factor weights with SLL = 45 dB and nbar = 6 
(i.e., stepped Taylor weights). 

Figure 6 shows the main beam two-way peak sidelobe 
levels for uniform receive array factor weights and Taylor 
receive array factor weights. In both cases, the transmit 
antenna was uniformly weighted. Figure 6 also shows 
sidelobe clutter above the receiver noise level, caused by the 
two-way peak sidelobes. Throughout this paper, we set the 
receiver noise level to 0 dB by normalizing the datacubes 
output by RLSTAP. For the uniform weights case, the two-
way peak sidelobes are higher and more sidelobe clutter 
appears above the receiver noise level. Sidelobe clutter will 
appear above the receiver noise level whenever the clutter-
to-noise ratio exceeds the two-way sidelobe level. In Figure 
6, the clutter-to-noise ratio is 35 dB and the two-way 
sidelobes above -35 dB cause sidelobe clutter to appear 
above the receiver noise level. 

The JDL algorithm was used to perform STAP on datacubes 
simulated by RLSTAP. The JDL algorithm parameters are 
listed in Table 2. The diagonal loading applied to the 
estimated covariance matrix is relative to the thermal noise 
level. 

Figure 7 compares the SINR loss curves when the clutter-
to-noise ratio is equal to 35 dB. The SINR loss notch is 

 

Figure 5 – One-way receive and two-way JDL 3rd auxiliary beam patterns 
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narrower for the uniform weights case, because uniform 
weights result in a narrower mainlobe. For the uniform 
weights case, ripples appear in the SINR loss curve due to 
sidelobe clutter cancellation. When the clutter-to-noise level 
is equal to 35 dB, uniform weights result in a better SINR 
loss curve, that is, narrower SINR loss notch, lower 
Minimum Detectable Velocity (MDV), and less SINR loss 
over the entire unambiguous Doppler spectrum. 

Figure 8 compares the SINR loss curves when the clutter-
to-noise ratio is equal to 50 dB. The clutter-to-noise ratio 
was increased from 35 dB to 50 dB by increasing the 
grazing angle from 15 degrees to 60 degrees. When the 
clutter-to-noise ratio is equal to 50 dB, uniform weights 
provide only a slightly better SINR loss curve. 

Figure 9 compares the SINR loss curves when the clutter-
to-noise ratio is equal to 60 dB. The clutter-to-noise ratio 
was increased from 50 dB to 60 dB by increasing the 
transmitter power by 10 dB. When the clutter-to-noise ratio 
is equal to 60 dB, Taylor weights provide less SINR loss 
over regions of the unambiguous Doppler spectrum. The 
peak power specification (25 kW), maximum grazing angle 
(60 degrees), and R4 losses limit the maximum clutter-to-
noise ratio of our radar to 50 dB. A peak power value of 250 
kW was only used to demonstrate the effect of antenna 
weighting on STAP performance when the clutter-to-noise 
ratio is high. Other radars may have a clutter-to-noise ratio 
greater than the maximum clutter-to-noise ratio of our radar. 

 

 

 

Figure 6 – Sidelobe clutter due to two-way sidelobes when clutter-to-noise ratio is 35 dB 

Table 2 – JDL algorithm parameters used for STAP 

Parameter Value 

Spatial degrees-of-freedom 3 

Temporal degrees-of-freedom 3 

Secondary range bins 36 (4 x total DOF) 

Guard cells per side 2 

Diagonal loading -3 dB 

Beam spacing l  / 2L (L = length of 
antenna) 

Doppler spacing 
PRF / M (M = number 
of pulses) 
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The results in Figure 7, Figure 8, and Figure 9 demonstrate 
that the impact of the antenna weighting on STAP 
performance is a function of the clutter-to-noise ratio. For 
the uniform weighting case, more ripple appears in the SINR 

loss curve at higher clutter-to-noise ratios, due to the 
increased amount of sidelobe clutter above the receiver 
noise floor. These results suggest that the best weighting 
scheme for STAP depends on the clutter environment in 

 

Figure 7 – SINR loss curves for uniform weights and Taylor weights, when clutter-to-noise ratio is 35 dB 

 

Figure 8 – SINR loss curves for uniform weights and Taylor weights, when clutter-to-noise ratio is 50 dB 

 

Figure 9 – SINR loss curves for uniform weights and Taylor weights, when clutter-to-noise ratio is 60 dB 
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which the radar is operating, and that a high clutter-to-noise 
ratio may favor some form of aperture weighting. For the 
radar described in this paper, the clutter-to-noise ratio is 
limited to 50 dB, due to R4 losses and transmit power 
limitations. A clutter-to-noise ratio of 60 dB was simulated 
to demonstrate the effect of antenna weighting on STAP 
performance when the clutter-to-noise ratio is high. 

4. CONCLUSIONS 

We presented simulation results that show the effect of two-
way peak sidelobe levels on the SINR loss curve output by 
STAP, for a monostatic spaced-based GMTI radar operating 
at L-band in a low earth orbit. Simulated antenna patterns 
were used to show that when the transmit antenna is 
uniformly weighted, the two-way peak sidelobes arise from 
the first sidelobes in the transmit pattern. We performed 
STAP using the JDL algorithm and examined the effect of 
two receive array factor weighting functions on the SINR 
loss curve: a) uniform weights, and b) Taylor weights. Our 
simulation results show that the best weighting scheme for 
JDL STAP depends on the clutter environment in which the 
radar operates, that is, the clutter-to-noise ratio. When the 
clutter-to-noise ratio is 35 dB, uniform weights yield better 
SINR loss performance. When the clutter-to-noise ratio is 
increased from 35 dB to 50 dB, uniform weights give only a 
slightly better SINR loss performance. When the clutter-to-
noise ratio is equal to 60 dB, Taylor weights give less SINR 
loss over regions of the unambiguous Doppler spectrum. 
Our results suggest that Taylor weighting may perform 
better in a high clutter-to-noise environment. These 
conclusions are only valid at center frequency and when 
there is no mechanical deformation of the antenna. 
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