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Development of an Ultrasonic Array Sensor Capable of
3-Dimensional Observation about the Inside of Concrete with
High Accuracy
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Abstract
Many concrete structures such as bridges constructed during the period of high economic growth are aging, and
observing the internal conditions efficiently without destroying the structure is demanded. JRC has developed an ultrasonic
array sensor capable of 3-dimensional observation for the inside of concrete in high accuracy using ultrasonic technology.
In order to perform 3-dimensional observation, it was necessary to develop beamforming by high-speed signal processing
associated with arraying, and ultrasonic probe with good S/N. In signal processing, by combining Full waveforms sampling
and processing (FSAP), and JRC's own high-accuracy processing, and the technology of porous materials and high-
attenuation backing materials for probes, JRC has realized high-accuracy of images inside concrete. In the future, by
combining the ultrasonic method, which excels in cavity detection, and the electromagnetic wave radar method, which
excels in reinforcing bar detection, JRC will realize efficient maintenance of infrastructure construction and aim for further
social contribution.
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Fig.1 Configuration of Ultrasonic Array Sensor System
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Table 1 Scattering Characteristics of Ultrasonic Wave
and Electromagnetic Wave
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Fig.2 Structure of Porous Piezoelectric Material
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Table 2 Specifications of Ultrasonic Array Sensor
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Fig.3 Ultrasonic Probe using Porous PZT Transducer
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Fig.4 Received Signal Measured with Porous PZT
Transducer
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Fig.5 Schematic of Ultrasonic Matrix Sensor with N
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Fig.6 Comparison of Beamforming Calculation Time by
GPU and CPU
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Fig.7 Outline of Ultrasonic Propagation Velocity
Estimation Processing
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Fig.8 Ultrasonic Simulation Model

HOZY I ab— 3y — 4% O3RICHEIFERZ RS,
T a—M{RIZE Y, ZZROME & ITBRIEEICHENTE %,
B, =S DA O = 3 —WEIEEEr S ORI L S
LDTHbh

isovalue=—-4.00

o
J

-50
E -
S \ﬁfﬂ
§—100 ’ 4
3 7
—-150 E;“
.
(5—49h)
=200 -
200 200
100 100
0 0
X, mm y, mm

M9 XalL—>3>TF—203RTHEMER
Fig.9 3-Dimensional Analysis Result of Simulation Data
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Measurement Data
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Fig.13 2-Dimensional Analysis Result of Actual
Measurement Data
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