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Hammering Test with Image and Sound Signal Processing
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** Department of Mechanical Engineering, Shizuoka University,
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In this paper, we propose a new method for a hammering test by using image and sound signal
processing techniques. A method for discriminating a property of an object with the use of generated
sound when siriking it with a hammer is called a hammering test. However, this method depends on
human experience and skills. In addition, if we perform this test over a wide area of objects, it is
required to manually record hammering positions one by one. Therefore, this paper proposes a
hammering test system consisting of two video cameras that can acquire image and sound signals of
a hammering scene. The shape of the object is measured by the image signal processing from the
result of 3-D measurement of each hammering position, and the thickness or material of the object
is estimated by the sound signal processing in time and frequency domains. The validity of proposed

method is shown through experiments.
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Two video cameras

Fig. 1 Overview of hammering test.

ZITH G EDOFRMMIEFICKE .

KTz, HEMOBEEGEICHRIENFET % LRIMENZE
L LTzbBNE L B8, BEFUHIC K> Tlbdrfl
wRDB T L THRERNZTS R ITbhA TV
M, TebBBHELRWIGIITOREIZR$ETH S

—%, PRIV ELETIY ) — FOBRETIE,
ITERBEICINA CEERERTI RENHZ®. &5
12, FTEREREHBIBICh> THRIY 556, %
ORBFERO DA B Tz, EDNEZIIN )
5 CATENMBA IR 2 0ENH S, TDEKNES
FEE LT, FlzISRERERNICBEEDT S, MELE
HTHE LU TNBEREZGHINS HENEL 6N 5.
L L, ThoDFRRIAZAFHELREL L, BRE
DNBILDTzDD 1 DDORIES L 755, T THEIRIL
HAERO TR SMEZ TS e TE
g, HERESL BEIMIICITS T &N TE S LAFFC,
& T — 2 2 Z ONEN R & FICHEIRICEEd 5 T
EMAlREE R B, LA, ThETHEREICNLT
BRI RFHCHAAA T KA S E D A EATY
.

ZF T TAMIZE TR, BEIRES & EEES ZRRFICH
UL ER 1T S FT SRAE R R T 5. AF IR E
IR 1ISRT K DI, RENRYAZAI N
v— (NEDMMCBDETB) L2BDETAHHRAS
THO, ETFAAHATIEEGR (BB F5LEEES
REMEETRBRTZENTES.

AWIZE T, B LIZESZAY, ERUE L &S
WHAFE LTATEREZITS T LT, AIHEERE
AR fRERERE FARFCET A L ZHNE T 5. B
RIS, EHSILEE » FEIEORMAIC KD, HETZ
&AW RO T EMRE TRREAAIRETH o 1228
G A ZD TG & OMEZ RIS 5 T LD A]RE
i, Fle, #EEDOHASZBVTEHIZITS 5
BTz — A A XA SEDRAZ IS LENH 51,
AW CIATE OB Z S EIc KRz T &
T, FAfEEEE WIS H A SHOEG - SEESD

FfHZERS C ENABETH B, B, FIZEERTIE
AR OIIRNHRZ S K 0k T 575 &,
BEEBCIVEBESOTRENZMS T &x EMNT]
REE 5%,

BRI & LT, AEORBEICBVWTITED
BWERERMICHIET 372000, ZOBRETHEEKICH
BRI G NNTHEPLEEZ T, ZORHRZ
Wb kT B, i, FTEMNBEE 26D ATEZH
W AT LAFHINC K DRkD B,

2. TEREFIE

AFFBLUTITRT LS ICKE L DI T 2 DD
MO ENS.
o HFLHE
1. &N
2. VSRR T
3. ¥R v TOVERK

o FIEMRE
1. FELEIC K B AT RERIE RO
2. ESILEIC K B AT SR EER O
3. fTERBMBROME - 1R

FNEICRII Y TERERT BT e 2HNET
%. TCTHRIR Y Tlld, HENIETHE O N5
B2AWT, BIZEEEDME R ORI RO
EBWEERTZHOC L THE. TOHFIR Y ST
BRI > THMOREEPMEDOREMN & Bbh
B EY T TV ERIUELUTER L TEE, 1%
R CARARERIE 2 HIRI T B BRI AW .

I ERE TIIEBOIT S OKF iR L, SE0H
EHIR= Y T DAAHERERZEHIT 5. £ cEiR
LTI AT ER ISR D 3 KoTiEMAF T 5. D2
DOEREME LTI EMREBEOMERZRT.

3.% 8 W B

FTHEAREEE UTHRIS Y TRIERT 5. HIRI<
TIIRENSAEDRENIE D Z FaiicNE SE8ES
EEGHUIZ BT, LURIORT SUBZITWERRT 5.

31 BENE  SENETINELN SR AR
B DRSO B 75 LIS B B ARSNGB S
T 5. RAHEEROZIC X BITZ0EVWEERH
ICFHIS % 72, WERGEE & BRI O Wit b S f#
W LT BRI T 5. ARG RERIREE & ERE
FEIZ NZFNOUNIEIC DWW TEIAT 5.

311 BFRAEEICH T 0L R R F5
AHRTIE, FOBERRRERgEE LTRHRY
%. FF, SHNED D BRE T, & LD 080D
%. ZFTCIRENZBUCREL o T Mlx T, & &



774 BHALE L FENEOBME T L 2T ERE

Amplitude

7500

1)
5000 w4
:e C X e-B(t-To)
2500 'TI \/
i .
Ts Y5+ 0.1 Yy+02 7s+03 Ts+04 ime (s)

Fig.2 An example of raw sound wave and its
approximation curve.
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Fig. 3 An example of frequency spectrum with FFT.
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Fig. 4 Example of clustering in B-V; diagram.
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Fig. 5 Example of discrimination map.
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(a) Schematic. (b) Photo.

Fig. 6 Overview of the hammer.

(a) Acquired image.

(b) Enlarged image of hammer.

Fig. 8 Extraction of hammer’s marks.
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Fig. 9 Stereo measurement.

Fig. 10 Object with curved surfaces.
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Fig. 12 Examples of raw sound wave (vertical axis:

amplitude, horizontal axis: time).
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Fig. 13 Examples of frequency spectrum with FFT
(vertical axis: amplitude, horizontal axis:

frequency).

Fig. 14 Discrimination map L.
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Fig. 15 3-D positions and colors of each hammering
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(a) Experimental result. (b) Actual one.

Fig. 16 Result of hammering test for object 1.

(a) Schematic.

Fig. 17 Object II.

(b) Photo.

Fig. 18 Discrimination map IL.

Fig. 19  3-D positions and colors of each hammering

point II.
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Fig. 20 Result of hammering test for object II.
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Table | Hammering power and parameter B, V.
Strong | Medium | Weak | Faint
B | 4238 39.3 423 | 345

Ve | 183 169 167 | 159
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