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• There is a need to remotely determine internal structures of buildings, 
detecting presence of equipment & human activity

• Current techniques involve close contact of radar against wall.
• 3D LF SAR would penetrate walls & separate clutter
• Supporting Dstl programme: Remote Intelligence of Building Interiors
• Several strands of work ongoing including processing of airborne 

volumetric LF CSAR: Airbus/Dstl dataset

Introduction
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GOTCHA airborne 3D SAR
• We are working on MOCO for the Airbus CSAR dat
• In meantime we have been working on X-Band airborne 3DSAR 

image formation with the GOTCHA urban challenge dataset
• Eight circular trajectories at different heights
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GOTCHA Airborne CSAR
Fork lift truck tomograms
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GBSAR System

GBSAR System

Sar
SAR, bistatic SAR
500MHz – 40GHz
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GBSAR System

SarSarSAR, bistatic SAR 500MHz – 40GHz
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3D SAR of GBSAR Lab
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3D SAR of GBSAR Lab
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3D LF SAR of GBSAR Lab
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• Projections

• Barrels, multipath
• Briefcase
• Monitor
• Desk
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• Projections

• Background 
subtracted

• Barrels, multipath
• Briefcase
• Monitor
• Desk
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Fully sampled 2D aperture

• 3D LF SAR of GBSAR Lab

Background subtracted
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Ny=0 Ny=1 Ny=2 Ny=3 Ny=38

…

…

Classes of sparse sampled trajectories
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…

Repeat Linear pass

Sparse RL
2 passes, bg-s

Sparse RL
4 passes, bg-s
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…

Repeat Linear pass

Sparse RL
6 passes, bg-s

Sparse RL
8 passes, bg-s
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Sparse RL 20 passes bg-sSparse RL 18 passes bg-sSparse RL 16 passes bg-s

Sparse RL 14 passes bg-sSparse RL 12 passes bg-sSparse RL 10 passes bg-s

Repeat Linear pass
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(1) Vertical Nyquist sampling: θs fc = c / (2 Lz )

(2) Range-angle: zd = R θs 

(3) Vertical Aperture division: zd = Az / (Nz – 1)

Combining: Az / (Nz – 1) = R θs = R c / (2 Lz fc )
Nz = 2 Az fc / (R c) Lz + 1
Nz = B Lz + 1

Setting: Az = 1.5m, fc = 3.5GHz, R = 4m, c = 0.3Gm/s

B = 2*1.5*3.5/4/0.3 = 8.75

Nz = 8.75 Lz + 1

Lz (m) Nz (frac) Nz

0.5 5.4 6

1 9.8 10

1.5 14.1 15

2 18.5 19

2.5 22.9 23

Nyquist Sampling
Cell = 5
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Repeat linear pass, nonlinear in height

12 passes Nonlinear spacing in height12 passes

To attempt to spread aliased energy, try nonlinear spacing in height 
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C=1 NY=5 bg-s C=1 NY=6 bg-s

C=1 NY=7 bg-s C=1 NY=8 bg-s

Crossed Linear pass
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(1) diagonal Nyquist sampling: θs fc = c / (2 Ld )

(2) Range-angle: ld = R θs 

(3) Vertical Aperture division: ld = Ad / (Nd – 1)

Combining: Ad / (Nd – 1) = R θs = R c / (2 Ld fc )
Nd = 2 Ad fc / (R c) Ld
Nd = B Lz

Setting: Ad = 1.5/√2=1.1=m, fc = 3.5GHz, R = 4m, c = 0.3Gm/s

B = 2*1.5*3.5/4/0.3 = 6.19

Nz = 6.19 Lz

Ld (m) Nd (frac) Nd

0.5 3.1 4

1 6.2 7

1.5 9.3 10

2 12.4 13

2.5 15.5 16

3 18.6 19

3.5 21.7 22

Nyquist Sampling
Cell = 1
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Sparse CL 2 passes Sparse CS 2 passes

Crossed Linear and Sinusoid pass
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Sparse CL 4 passes 2*4 crosses Sparse CS 4 passes 2*4 crosses

Crossed Linear and Sinusoid pass
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Sparse CL 12 passes 6*14 crosses Sparse CS 12 passes 6*14 crosses

Crossed Linear and Sinusoid pass
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Sparse RS, 2 pass, 4 sinusoids/pass Sparse RS, 3 pass, 9 sinusoids/pass

Sparse RS, 12 pass, 28 sinusoids/passSparse RS, 6 pass, 14 sinusoids/pass

Repeat sinusoid pass



30 Sparse RS, 12 pass, 28 sinusoids/pass

Sparse CL 12 passes 6*14 crosses Sparse CS 12 passes 6*14 crosses

Sparse RL NY=6 (12 passes)

Comparison of 12 pass casses
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12 repeat sinusoids, giving at least 15dB artefact free dynamic range

12 repeat sinusoid pass
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Conclusion

• The resolution is mostly set by the overall aperture sizes;

• However aliased energy is dependent on the density of trajectories.

• If the aliased energy is spread out, then the max intensity of the aliased 
energy is reduced, giving an artefact free dynamic range.

• Crossed linear trajectories lead to spreading out of energy.
• Curved crosses lead to further spreading out.

• The repeat pass sinusoid path seems to spread aliased energy the most, 
such that the higher the density of trajectory, the larger the artefact free 
dynamic range.

• No doubt many other useful sparse trajectories exist, and the key seems 
to be to spread out aliased energy.
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