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Overview Impact Echo Principle GPR Back Projection
* Introduce two robots for concrete infrastructure inspection: * A mechanical impact is generated in the surface, causing the impact Back-projection (BP) is a naive GPR data processing method
* GPR Rover, for ground penetration radar automated data collection. wave to propagate in the concrete structure. Transmitter Recelver
* Impact Rover V2, for impact-echo automated data collection. * P-wave is reflected from boundary conditions. —
e Sensor fusion between IMU and Camera data for localization.  The reflected wave is of most importance for impact-echo. s:r:
* Feedback control and coverage path planning module.  The time of flight is directly related to the geometry of the structure. — =

* GPR naive back projection and migration for subsurface mapping. It can represent either the depth of the concrete slab, or a defect.

 Learning-based Impact-Echo subsurface defect mapping. )
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Model Acc. % | Defect Acc.% | Solid Acc.% | DS2 Map
CPR Rover BL-IDCNN | 88.65 70.0 95.0 Fail
* Datasetl BL-BiLSTM | 80.03 61.0 87.0 Fail
. IDCNN 82.93 75.0 85.64 Fail
Controller
Ll * With labels. Dp-IDCNN | 84.13 84.38 84.04 Weak
S * Split for training / validation / testing. BILSTM | 85.71 60.93 o415 Weak
, CRNN 88.09 68.75 94.68 Good
: * Dataset2 IENet1024 87.69 60.93 96.08 Fail
e * Without labels, ground truth schematics only. IENet 20.45 750 0. 74 Best

Antenna Quantitative results are generated using test data from DS1. “DS2 MAP” column states

how well model identifies defects on DS2, shown in fig. 9. Bl means baseline model
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 Used for qualitative validation only.
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Slices of GPR BP results for different depths

Feedback Control for Trajectory Execution Proposed IENet Model for Impact Echo

IENET MODEL STRUCTURE

Desired and executed trajectory
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Forwarddirection(m] = bilstm_] BILSTM({units=32) (64 1)
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|@RA2024 bilstm_3 BiLSTM(units=32) (64 % 1)
YOKOHAMA | JAPAN | Output Dense(2, Softmax) 2%
| No# of parameters 534498 |
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