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Figure S1 The input file for the gprMax software to create the results presented in Figure 3.
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Figure S2 (a) Normalized GPR radargram obtained using gprMax in lossless ground. (b) Normalized HRTR pseudospectrum in lossless ground. (c) Normalized GPR radargram obtained using gprMax in lossy ground (σ = 0.01 S/m). (d) Normalized HRTR pseudospectrum in lossy ground (σ = 0.01 S/m).   
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Figure S3 (a) Normalized GPR radargram obtained using gprMax in lossless ground. (b) Normalized HRTR pseudospectrum in lossless ground. (c) Normalized GPR radargram obtained using gprMax in lossy ground (σ = 0.1 S/m). (d) Normalized HRTR pseudospectrum in lossy ground in lossy ground (σ = 1 S/m).   
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Figure S4 (a) Normalized radargram and (b) normalized pseudospectrum at x = 60 mm corresponding to Figure 3. (c) Normalized radargram and (d) normalized pseudospectrum at x = 60 mm corresponding to Figure 5. 
It should be noted that the first radargram and time-domain pseudospectrum (i.e., (a) and (b)) are produced based on a Gaussian pulse with a center frequency of 1.5 GHz and an approximately one-octave bandwidth. For more information, see the pseudocode presented in Figure S1. In (a), the solid ellipse indicates the first reflection from the ground, while the dashed ellipse represents the reflection from the buried object. In (b), the solid circles show the positive and negative amplitudes of the ground reflection, and the dashed circles indicate the reflection from the object. In (a) and (b), the bandwidth and burial depth of the object are sufficient for both the conventional and HRTR methods to identify the reflections.
[bookmark: _GoBack]Figures (c) and (d) show the radargram and time-domain pseudospectrum produced for a Gaussian pulse with a center frequency of 750 MHz and an approximately one-octave bandwidth. As seen in (c), reducing the bandwidth decreases the resolution, causing the reflections from the ground and the object to merge. This means that object recognition with this limited bandwidth is not possible using the conventional method. In (d), the solid circles represent the positive and negative reflections from the ground, while the dashed circles show the reflection from the object. The recognition of the object is still possible at this bandwidth without any difficulty. 
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Figure S5 A top view of the GSSI 1.5 GHz antenna model in the gprMax software.
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Figure S6 The input file for performing a B-scan using a GSSI 1.5 GHz antenna over a dielectric half-space containing a buried pipe.
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Figure S7 Landmines and other buried objects used in the test field experiment: (a) An anti-tank mine with a diameter of 17.5 cm and a thickness of 7 cm. (b) A copper ring with a diameter of 7.5 cm and a thickness of 3 cm. (c) An anti-personnel mine. (d) A metallic bar with a diameter of 2.5 cm and a length of 4.7 cm. (e) A metallic L-shaped object with dimensions of 4.5 × 4.5 cm².
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Figure S8 Landmines and other buried objects used in the test field experiment: (a) An anti-tank mine with a diameter of 17.5 cm and a thickness of 7 cm. (b) A copper ring with a diameter of 7.5 cm and a thickness of 3 cm. (c) An anti-personnel mine. (d) A metallic bar with a diameter of 2.5 cm and a length of 4.7 cm. (e) A metallic L-shaped object with dimensions of 4.5 × 4.5 cm².
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#title: B-scan from a metal cylinder buried in a ...
dielectric half-space with a GSSI 1.5GHz ’like’ antenna
#domain: 0.480 0.148 0.235

#dx_dy_dz: 0.001 0.001 0.001

#time_window: 6e-9

#material: 6 O 1 O half_space

#box: 0 0 0 0.480 0.148 0.170 half_space
#cylinder: 0.240 0 0.080 0.240 0.148 0.080 0.010 pec

#python:

from user_libs.antennas.GSSI import antenna_like_GSSI_1500

antenna_like_ GSSI_1500(0.105+current_model _runx*x0.005, 0.074, 0.170, 0.001)
#end_python:

#geometry_view: 0 0 0 0.480 0.148 0.235 0.001 0.001 0.001
cylinder_GSSI_1500 n
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#title: B-Scan of a Circular Metal Object Buried in a Half-Space
#domain: 0.240 0.210 0.002

#dx_dy_dz: 0.002 0.002 0.002

#time_window: 3e-9

#material: 6 O 1 O half_space

#waveform: gaussian 1 1.5e9 my_gauss
#hertzian_dipole: z 0.040 0.170 0 my_gauss
#rx: 0.080 0.170 O

#src_steps: 0.002 0 O

#rx_steps: 0.002 0 O

#box: 0 0 0 0.240 0.170 0.002 half_space
#cylinder: 0.120 0.080 0 0.120 0.080 0.002 0.010 pec
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