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Overview

• Introduce two robots for concrete infrastructure inspection:
• GPR Rover, for ground penetration radar automated data collection.
• Impact Rover V2, for impact-echo automated data collection.
• Sensor fusion between IMU and Camera data for localization.
• Feedback control and coverage path planning module.

• GPR naïve back projection and migration for subsurface mapping.
• Learning-based Impact-Echo subsurface defect mapping.

GPR Rover Impact Rover V2

ES-EKF Based Visual-Inertial Fusion

1. Propagate nominal and error state:

Prediction Step (IMU) Correction Step (Camera Update)

1. Calculate Kalman gain:

2. Update state and covariance 
and Inject error state:

4. Restart error state (𝛿𝑥 = 0) 
2. Propagate covariance:

Feedback Control for Trajectory Execution
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Executed	Trajectory	w/Feedback	Control

Trajectory	Setpoint

Robot:	Start

Robot:	End

• Decoupled velocity 
control for each wheel.

• Platform position 
control.

Desired and executed trajectory

Impact Echo Principle

• A mechanical impact is generated in the surface, causing the impact 
wave to propagate in the concrete structure. 

• P-wave is reflected from boundary conditions. 
• The reflected wave is of most importance for impact-echo.
• The time of flight is directly related to the geometry of the structure. 

It can represent either the depth of the concrete slab, or a defect.

Impact
Accelerometer

Thickness frequency

Deep defects (thickness mode)

Shallow defects (flexural mode)

Useless range for IER-wave effect

P and S-wave superposition

d - thickness
f - peak frequency

P-wave velocity:

Impact Echo Data Preprocessing

• Dataset1
• With labels.
• Split for training / validation / testing.

• Dataset2
• Without labels, ground truth schematics only.
• Used for qualitative validation only.

• Preprocessing: 
• 1 - Shorten to 1.72ms
• 2 - LPF (cutoff=25kHZ).
• 3 - Upsample to 500kHz.

Proposed IENet Model for Impact Echo

GPR Back Projection
Back-projection (BP) is a naïve GPR data processing method

Back Projection

∀𝑨𝒒
𝒌 ∈ 𝑩𝒌, 𝒙 − 𝒂 𝟐 + 𝒚 − 𝒃 𝟐 = ൯ሺ𝒂𝒕 ∗ 𝒕

𝟐
, 𝒚 < 𝟎

ൟ𝑨𝒒
𝒌 =  {𝒂𝒕|𝒕 = 𝟏, … , 𝒏𝒒 : the 𝑞-th A-scan measurement in 𝑘-th B-scan data

ൟ𝑩𝒌 =  {𝑨𝒒
𝒌|𝒒 = 𝟏, … , 𝒏𝒌 : the 𝑘-th B-scan consisting of 𝑛𝑘 A-scans

𝒕: traveling time

𝒏𝒒: the total samples in a A-scan measurement

A-Scan Raw Data
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Slices of GPR BP results for different depths

Results: Impact Echo and GPR

Impact Echo Results

GPR Results

Dataset1

Dataset2

Warped Defect Maps Over Dataset2 Ground Truth
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