WO 2023/182939 PCT/SG2023/050188
1122

100

110 115 112 130

200 210 140 120

Figure 1



WO 2023/182939 PCT/SG2023/050188
2122

300

\

310

Arranging a plurality of antennas 110 linearly on the structure 210

320

I ~

Configuring the antennas 110 to transmit and receive radio signals for

measurement
330
A
Transmitting, from each antenna 110 sequentially by the linear
arrangement 115 of the antennas 110, radio signals into the structure
210
340

: ~

Measuring, from all the antennas 110, the radio signals transmitted

from each respective antenna 110 and reflected from the embedded
object 200

350

) ~

Reconstructing an image 250 of the embedded object 200 based on
measured radio signals from all the antennas 110

360

! ~

Measuring a size of the embedded object 200 from the reconstructed
image 250

Figure 2



WO 2023/182939 PCT/SG2023/050188

3/22

100

115 220
110 110
AEEEN _I/
LLL] |

200

N
—_—
o

Figure 3A

\v dB

45 60 75 Q0
X {mum}
Figure 3B




WO 2023/182939

PCT/SG2023/050188
4/22
220
X
260

¥ s, : N N

¥ ", ¢ kY

¥ '\m §
: R )'1% E.RM\Q 2

s

§\<\w U R
3 D H
k}

Y 7

\ H

\ ¥

' ¢

£ £l
% £
“ -
\~~ (',
: \N“’%»@m‘“""
k4
Figure 3C
100
230 220
110 115

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\%\;

N

N

.

%

Figure 4A



WO 2023/182939 PCT/SG2023/050188
5122
400
\' 410
Obtain matrix data

420

v /

Remove background

430

v //

Determine cover depth

440

v //

Determine wave propagation velocity

450

v /

Reconstruct image 250 of the rebar 200

460

v /

Identify peak intensity point P

470

v //

Measure peak intensity line 260

480

A4 /

Measure size of the rebar 200

Figure 4B



PCT/SG2023/050188

WO 2023/182939

6/22

250

S

sy
ey

{ g}

Z

mmi

XA

Figure 4C

250

funuy

N}

i

XA

Figure 4D



WO 2023/182939 PCT/SG2023/050188

7122

250

X {mnn
Figure 4E

250

£ imm}

X {rm)
Figure 4F



WO 2023/182939 PCT/SG2023/050188

8/22
250
\q &
35
g{ M
N
65
3 ) N
X {mnn
Figure 4G
250

o

poi

L7
e,
o

Z {mm)

S

.
.
.
§

£3

¥
o

s
i

45 &0 7S 90
X {mm
Figure 4H



WO 2023/182939 PCT/SG2023/050188
9/22

N D28HA40

45 & 73 QG
Ximny
Figure 4l

N DI12HS50

£ (mmy

X {mny

Figure 4J



WO 2023/182939 PCT/SG2023/050188

10/22
250
\\ § 4
M \
23
=
§ 6
]
48 &8
X {mnn
Figure 4K
250

N\ D28H50

Z {vim )

X {mm}
Figure 4L



WO 2023/182939 PCT/SG2023/050188

11/22
Cover Depth Actual Diameter Measured Diameter Error
8 mm (D8) 7.63 mm 4.6%
12 mm (D12) 12.09 mm 0.75%
16 mm (D16) 17.12 mm 7.03%
30 mm (H30)
20 mm (D20) 21.3 mm 6.51%
24 mm (D24) 25.11 mm 4.64%
28 mm (D28) 29.85 mm 6.62%
8 mm (D8) 7.72 mm 3.46%
12 mm (D12) 11.11 mm 7.4%
16 mm (D16) 15.82 mm 1.1%
40 mm (H40)
20 mm (D20) 20.49 mm 2.44%
24 mm (D24) 25.27 mm 5.3%
28 mm (D28) 29.18 mm 4.23%
8 mm (D8) 8.12 mm 1.44%
12 mm (D12) 11.13 mm 7.28%
16 mm (D16) 15 mm 6.25%
50 mm (H50)
20 mm (D20) 19.53 mm 2.37%
24 mm (D24) 23.36 mm 2.68%
28 mm (D28) 28.82 mm 2.95%

Figure 4M
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Cover | Misalignment | Misalignment Actual Measured Error
Depth Distance Angle Diameter Diameter
0 mm 0° 7.63 mm 4.6%
5mm 9.5° 7.63 mm 4.6%
10 mm 18.4° 7.63 mm 4.6%
30 mm 15 mm 26.6° 8 mm 7.28 mm 8.68%
20 mm 33.7° 7.12 mm 11%
25 mm 39.8° 6.8 mm 14.94%
30 mm 45° 6.39 mm 20.18%
35 mm 49.4° 6.29 mm 21.36%
0 mm 0° 7.72 mm 3.46%
5mm 7.1° 7.72 mm 3.46%
10 mm 14° 7.54 mm 5.79%
40 mm 15 mm 20.6° 8 mm 7.54 mm 5.79%
20 mm 26.6° 7.14 mm 10.76%
25 mm 32° 6.8 mm 15.05%
30 mm 36.9° 6.96 mm 13.03%
35 mm 41.2° 6.68 mm 16.55%
0 mm 0° 8.12 mm 1.44%
5mm 57° 8.12 mm 1.44%
10 mm 11.3° 7.8 mm 2.48%
50 mm 15 mm 16.7° 8 mm 7.6 mm 4.92%
20 mm 21.8° 7.54 mm 5.79%
25 mm 26.6° 7.31 mm 8.59%
30 mm 31° 7.29 mm 8.88%
35 mm 35° 7.12mm 1%

Figure 5E
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Spacing Actual Diameter Measured Diameter Error
20 mm 10.8 mm 35%
60 mm 7.17 mm 10.35%
80 mm 7.31 mm 8.59%
90 mm 5 mm 7.46 mm 6.76%
100 mm 7.63 mm 4.61%
200 mm 7.63 mm 4.61%
Figure 6D
Sample Cover Actual Measured Error
Depth Diameter Diameter
S#1 (D10H32) 32 mm 10 mm 10.2 mm 2.01%
S#1 (D13H30) 30 mm 13 mm 13.52 mm 4%
S#1 (D16H32) 32 mm 16 mm 16.77 mm 4.8%
S#2 (D13H20) 20 mm 13 mm 13.34 mm 2.6%
S#3 (D13H30) 30 mm 13 mm 13.76 mm 5.86%
S#4 (D13H40) 40 mm 13 mm 13.05 mm 0.38%

Figure 71
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