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Hammering diagnosis algorithm with automated calibration
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Abstract

The hammering test has been widely used for inspection of social infrastructures because of its accuracy and efficiency
of operation. In order to automate and apply the method to actual inspection sites, it is important for the system to
calibrate itself against various environmental noise sources, such as strong winds, that influence the accuracy of the
acoustic diagnosis. In this paper, a boosting based diagnostic algorithm with an updation rule for the weak learners
that constitute the whole defect detector is proposed. Both clean and defective hammering sounds are templatized in
the frequency domain, and inner parameters of the weak learners are optimized by using the pair of frequency template
vectors. Furthermore, a new updation rule for template vectors is proposed. In experiments, our method was applied to
defect detection of concrete test-pieces having slant cracks, which are considered to be serious defects in inspection sites.

From the results, the effectiveness of the proposed method was confirmed.
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- Inspection hammers

Fig. 1 Hammering test using an inspection hammer. Fig. 2 A prototype of a hammering robot.
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Fig.3 Feature vector u is weighted by bootstrapping feature Fig.4 Schematic of training data distribution in €S —
extraction (subsection 2-2-2). D§ space and linear discriminant function.
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Fig. 5 Schematic of a general boosting algorithm. Fig. 6  Schematic of proposed boosting framework. Each

weak learner has a different pair of frequency
templates which can be altered in additional
learning for calibrating the whole detector.
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Fig.7 Schematic of template vector updation shown in  Fig. 8 Schematic of the proposed defect detection system.
eq. (18).
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Fig. 9 Hammered sound detection by trigger. Fig. 10 Hammer head detection by using RGB-

D sensor.
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Fig. 11  Experimental devices for hammering test and (2) Plan view of TPp;. (b) Elevation of TPy;.

concrete test pieces.

Fig. 12 Schematic of test piece TPy, for learning.

Table 1 The specifications of concrete test-pieces. All these are the same volume (W X D X H = 500mm X 500mm X 150mm).

Test-pieces Entry degree of crack  Size of crack extension Max depth the crack attains
for learning (TPr;) clean (no crack)

for learning (TPy2) 15 deg 200 mm X 142 mm 38 mm

for validation (TPy) 15 deg 200 mm X 71 mm 19 mm

for validation (TPy») 30 deg 200 mm X 64 mm 37 mm

for validation of calibration (TPy3) 45 deg 200 mm X 53 mm 53 mm

e clean example

8 m for clean + defect example
= m for defect
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(a) Components weight u selected by bootstraping for clean and detect (b) Distribution of trainig data set in €S —PS§ plane. The defective and
comparison. The weak learner focuss on up to 4000 Hz. clean training samples are classified in the €S — P plane by using a

pair of defective and clean frequency templates.

Fig. 13 Optimization result of a weak learner. One classifier forcuss its own frequency subband. If single learner
cannot classify all training samples, the proposed method increases whole performance of detection by
integrating plural weak learners.

43 EEBRER

431 BREMREDFTMEER

REFRIZL O ERBHBOFZE 21T o7z, FHOIMT — X TIZ@RY > T e UTERZ R 027
REEDIRERIK TP, D=2 A, 2RV 2 7 e UTRIO OO EIN % R DRRERIK TPy OZRIBDIT =% W7z,
T — X DIRENZ 4,263 TH 0, HIRY > TEIT 1,617, ZRY > TIVEIZ 2,646 TH - 7=,

AR U 72 2R B8 D 55 25 DI T — X Tk 2 FEEE R OFI % X 13(a) B L K 13(b) 12739, ¥ 13(a)
1EH B 95HBIERIZ B W T 222 THTHR AR 72 e HIRIC K 0 BRI N BB S DEATH 5. Ml R



N | ‘ N
z o Rk o 2
> : i >
% o] B 3 } £ < Suuk L E Thae ?',‘
SN FESH S5 5 K SN s o .

0 2000 400 6000 800 0 2000 4000 6000 8000

Time [ms] Time [ms]
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Fig. 14  Result of slant crack detection in TPy and TPy, from hammering sound. Figures (d) and (h) shows results
of defect detection in time domain. In both figures, the areas emphasized by the half-tone background with
red color indicate the time intervals whose spectrum was detected as defect. The resulting time intervals
coincide the moments in which the defective parts were actually hammered.
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slant crack. slant crack.
A A
600 600
400 400
g g
) . . )
> > v
200 200
0 T T T T T T T — 0 T T T T T T T —
0 200 400 600 800 0 200 400 600 800
X [mm] X [mm]
(b) Defect detection result of TPy;. (d) Defect detection result of TPyy.

Fig. 15 Result of slant crack position detection in TPy; and TPy,. Figures (a) and (c) are the ground truth of the
defective area of TPy, and TPy, respectively. In both figures, the area under which exfoliation exists is
emphasized by the half-tone background with red color. Figure (a) also shows a result of the stroke point
estimation by detecting the hammer head, which is painted in red. The estimated stroke point is indicated
as a blue point. Figures (b) and (d) are the results of defect detection from TPy and TPy, respectively.
In both figures, the green spots indicate the stroke points estimated as cleans. The red spots indicate ones
as defects. The proposed detector could detect the defective areas accurately.
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Fig. 16 Hammering spectrogram of under the background Fig. 17 Result of template updation: The new template

noise of an air conditioner. The noise mainly vector was updated based on the prior template
overlapped hammering sound at up to 10 kHz. vector that was reduced constantly by a factor of
The noise influences the performance of the defect ¢y in eq. (18). Although A* basically retained the
detector in diagnosis. shape of the prior template vector according to

eq. (18), the shape changed partly.
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Fig. 18  Result of validation experiment of updation algorithm of proposed method. The test piece TPy3 that has
45 deg crack was used to confirm the validity of the proposed method under the noise-free (a) and noisy
(b), (c) environments. The areas emphasized by the half-tone background with red color indicate the time
intervals that were detected as the defects.
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Fig. 19 ROC curves show the performance of the defect Fig.20 Ground truth of defect position of TPys3,
detectors, which were evaluated by using TPy3. Blue which has 45 deg slant clack. The area under
line indicates the result by the prior detector under which exfoliation exists is emphasized by the
the noise-free environment. The proposed detector half-tone background with red color.

performed accurately.  Green line is one by the
prior detector under the noisy environment, whose
performance of detection was decreased by influence
of the noise. While, red line is the result by the updated
detector under the noisy environment. The performance
was considerably recovered by the proposed updation
method.
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(a) Result by the prior detector under the (b) Result by the prior detector under the (c) Result by the updated detector under the
noise-free environment. The hammering background noise. The defective parts were background noise. The defective parts has
sounds from defective parts were detected not detected by influence of the noise. become identified correctly.
accurately, and the locations were identified
correctly.

Fig. 21  Results of slant crack position detection in TPy3. In all figures, the green spots indicate the stroke points
estimated as cleans. The red spots indicate ones as defects. As shown in the ground truth of [X| 20, the
performance of the detector which had decresed by the influence of the noise was recovered by proposed
method.
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