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ABSTRACT

The location template matching (LTM) method is a technique of identifying an impact location on 
a structure, and requires a certain measure of similarity between two time signals. In general, the 
correlation coefficient is widely used as the measure of similarity, while the group delay based 
method is recently proposed to improve the accuracy of the impact localization. Another possible 
measure is the frequency response assurance criterion (FRAC), though this has not been applied yet. 
In this paper, these three different measures of similarity are examined comparatively by using 
experimental data in order to understand the properties of these measures of similarity. The 
comparative study shows that the correlation coefficient and the FRAC give almost the same 
information while the group delay based method gives the shape oriented information that is best 
suitable for the location template matching method.
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Fig. 1 Pre-defined grids on a plate 

 LTM xi(t)

y(t)
,

( , )
.

 (correlation coefficient) ,
 4cm 

 100% .
,

 FRAC (Frequency Response 
Assurance Criterion) . FRAC

 LTM 
.

.

xi(t)
y(t)

.

Cov( , )
i

i

i
x y

x y

x y       (1) 

Cov(xi,y) (covariance)

ix y

(12).  1
, 0

.
, LTM y(t)

.

FRAC (Frequency Response Assurance Criterion)
 FRF (Frequency 

Response Function)  FRF 
(correlation) ,

 LTM 
. , xi(t)

y(t) Xi( f )
Y( f )

 FRAC .

-507-



   

 FRAC (13~14).

2

1

2 2

1 1

2

( ) ( )

( ) ( ) ( ) ( )

f

i
f f

f f

i i
f f f f

X f Y f
FRAC

X f X f Y f Y f
    (2) 

f1 f2  FRAC
. (2)

(1) ,

. FRAC  0  1
 1

.
, LTM 

,
Y( f )  FRAC

. ,

.

 Shin(11) (group delay)

. FRAC
,

 Xi( f ) Y( f )
(3)

 FRF, H( f )
.

arg ( )( )( ) ( )
( )

j H f

i

Y fH f H f e
X f

     (3) 

 FRF  |H( f )|
,  argH( f )

.
, LTM 

,

. ,
,

.
(4)

(5)

iX Y

iX Y

1 arg ( )( )
2iX Y

d H ff
df

         (4) 

2[( ( )) ]
i iX Y X YE f         (5) 

, LTM 

.

 LTM 
.

 Shin(11)

,

. Fig. 2 ,
1200mm  1200mm  10mm
1cm  3 3  9

(Fuji c-6H)
.

Measurement 
sensor

Pre-defined
impact points

p1 p2 p3

p4 p5 p6

p7 p8 p9

Fig. 2 Experimental setup

-508-



   

pi (i = 1, 2, , 9)
xi(t)  DB ,

yi(t)
. ,

i y1(t)
x1(t), x2(t), , x9(t) x1(t)

, .
, y2(t), y3(t), , y9(t) x2(t), x3(t), , x9(t)

.
 20kHz

 1 ,
 Fig. 3(a) x1(t) .

 Fig. 3(b)  2kHz 
.

,
 2kHz (cut-

off frequency) (low-pass filter)
.

0 0.2 0.4 0.6 0.8 1-2

-1

0

1

2

Time (s)

x 1
(t)

(a) 

0 1000 2000 3000 40000

0.05

0.1

0.15

0.2

Frequency (Hz)

|X
1(

f)
|

(b) 

Fig. 3 Sample data: (a) time signal, (b) corresponding 
magnitude spectrum 
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Table1, Table2 Table3 .

Table1 Correlation coefficients 
Signal y1 y2 y3 y4 y5 y6 y7 y8 y9

x1 0.9535 0.9639 0.9419 0.9584 0.9777 0.9342 0.9306 0.9396 0.8879 

x2 0.9658 0.9848 0.9654 0.9586 0.9885 0.9643 0.9453 0.9594 0.9308 

x3 0.9607 0.9729 0.9848 0.9646 0.9668 0.9645 0.9494 0.9549 0.9289 

x4 0.9542 0.9579 0.9474 0.9610 0.9647 0.9518 0.9546 0.9690 0.9283 

x5 0.9624 0.9703 0.9783 0.9739 0.9702 0.9705 0.9623 0.9761 0.9454 

x6 0.9555 0.9790 0.9738 0.9595 0.9843 0.9814 0.9506 0.9701 0.9583 

x7 0.9728 0.9516 0.9601 0.9706 0.9472 0.9459 0.9851 0.9652 0.9411 

x8 0.9522 0.9742 0.9604 0.9616 0.9774 0.9769 0.9608 0.9788 0.9639 

x9 0.9470 0.9684 0.9659 0.9573 0.9644 0.9860 0.9602 0.9839 0.9790 

Table2 FRAC values 
Signal y1 y2 y3 y4 y5 y6 y7 y8 y9

x1 0.9178 0.9263 0.8852 0.9162 0.9548 0.8564 0.8471 0.8689 0.7459 

x2 0.9460 0.9594 0.9241 0.9087 0.9715 0.9062 0.8685 0.9004 0.8129 

x3 0.9314 0.9402 0.9625 0.9199 0.9415 0.9137 0.8784 0.8981 0.8154 

x4 0.9141 0.9177 0.8977 0.9255 0.9379 0.9069 0.9040 0.9400 0.8414 

x5 0.9256 0.9417 0.9571 0.9500 0.9520 0.9444 0.9205 0.9543 0.8754 

x6 0.9194 0.9588 0.9483 0.9223 0.9752 0.9554 0.8938 0.9378 0.8849 

x7 0.9387 0.9094 0.9226 0.9421 0.9112 0.8954 0.9671 0.9350 0.8683 

x8 0.9072 0.9498 0.9223 0.9257 0.9624 0.9498 0.9153 0.9571 0.9008 

x9 0.8826 0.9336 0.9305 0.9193 0.9310 0.9741 0.9221 0.9706 0.9516 

Table3 Standard deviations of group delays 
Signal y1 y2 y3 y4 y5 y6 y7 y8 y9

x1 0.0185 0.0331 0.0438 0.0309 0.0359 0.0437 0.0391 0.0419 0.0470 

x2 0.0308 0.0153 0.0394 0.0342 0.0349 0.0407 0.0379 0.0440 0.0493 

x3 0.0409 0.0389 0.0259 0.0398 0.0356 0.0451 0.0379 0.0440 0.0526 

x4 0.0338 0.0368 0.0442 0.0291 0.0377 0.0457 0.0372 0.0418 0.0492 

x5 0.0397 0.0398 0.0370 0.0393 0.0204 0.0428 0.0308 0.0406 0.0477 

x6 0.0469 0.0471 0.0489 0.0488 0.0444 0.0225 0.0480 0.0400 0.0409 

x7 0.0349 0.0350 0.0361 0.0353 0.0281 0.0419 0.0173 0.0375 0.0448

x8 0.0393 0.0428 0.0452 0.0408 0.0411 0.0351 0.0370 0.0221 0.0384

x9 0.0448 0.0487 0.0517 0.0471 0.0485 0.0403 0.0463 0.0416 0.0186

Table1 Table2  FRAC
,

. ,  9
 4
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Table4 Discriminability, D (%) 
Method y1 y2 y3 y4 y5 y6 y7 y8 y9

CC 0.72 0.59 0.66 0.34 0.42 0.47 2.32 0.51 1.54

FRAC 0.78 0.06 0.57 0.83 0.38 1.92 4.81 1.39 5.34

GD 67.09 116.34 39.11 6.41 37.59 56.15 78.46 70.01 106.58
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