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Compression Sensing Technique for Efficient Structural Health Monitoring -
Focusing on Optimization of CAFB and Shaking Table Test Using Kobe Seismic
Waveforms

Gwang-Hee Heo', Chin-Ok Lee?, Sang-Gu Seo’, Yu-Seung Jeong4, Joon-Ryong ]eons*

Abstract: The compression sensing technology, CAFB, was developed to obtain the raw signal of the target structure by compressing it into a signal
of the intended frequency range. At this point, for compression sensing, the CAFB can be optimized for various reference signals depending on the
desired frequency range of the target structure. In addition, optimized CAFB should be able to efficiently compress the effective structural answers
of the target structure even in sudden/dangerous conditions such as earthquakes. In this paper, the targeted frequency range for efficient structural
integrity monitoring of relatively flexible structures was set below 10Hz, and the optimization method of CAFB for this purpose and the seismic response
performance of CAFB in seismic conditions were evaluated experimentally. To this end, in this paper, CAFB was first optimized using Kobe seismic
waveform, and embedded it in its own wireless IDAQ system. In addition, seismic response tests were conducted on two span bridges using Kobe seismic
waveform. Finally, using an IDAQ system with built-in CAFB, the seismic response of the two-span bridge was wirelessly obtained, and the compression
signal obtained was cross-referenced with the raw signal. From the results of the experiment, the compression signal showed excellent response
performance and data compression effects in relation to the raw signal, and CAFB was able to effectively compress and sensitize the effective structural
response of the structure even in seismic situations. Finally, in this paper, the optimization method of CAFB was presented to suit the intended frequency
range (less than 10Hz), and CAFB proved to be an economical and efficient data compression sensing technology for instrumentation-monitoring of
seismic conditions.

Keywords: Compression Sensing(CS), Cochlea-inspired Artificial Filter Bank (CAFB), Band-pass Filter Optimizing Algorithm (BOA), Peak-picking
Algorithm (PPA), Reconstruction Error (RE), Compressive Ratio (CR), Spectrum Error (SE), Structural Health Monitoring (SHM)

1.M E oA =Y S AL QT 1-5]. el = BrstaL 7| AT =
E9| SHM2 913 7285 AS-S tii-E F-4 AISA 21

T e]H o= |31 8l e F3 -2 A A 8l o} Tl o TheF o) ZA] o|EskaL A= A oItH6-9]. o7 74 ASA =H
gHQIA RO = Qle thE A2 T=2E2] A7t 571t o] ARl = Bt A5 fI AllA o] ]9} o] 5ol
a1, BEZE AR ] QPRI A o] Szob o whet A A okl A= A2 o)1, -2 o= AAg o] Aol EP oz Qg ro]=
ZE0| ekd st 9 §A ¢, Jg] L UlFAd Stk 24 (noise)®] Y= realjof Fh =3k SHMS 98l &7 7=
e tetes TR JUS A delshe 72 AAE o] SRl ueh Az e vlolH 2718 el wix st
Y HE H(structural health monitoring; SHM)®l| th s+ A-1+7) & of AR 79 FA Y FF2 g o 8o 1259 A
ASHE LdE-SANH R 85| Refshet B =83

;7%;13, Zﬁ\"ijﬁl 3ﬂﬁﬁ%§%@}ﬂ, i Alzke] B a3t 10-11]. 53], o1& Hlo]E] A= tiF a7}
A3, e, E5Eshs), we o = . e
429, i, AR, B Yol = B3kl I E ASAH IS EoetE R B4, O
931, el shan, A ek BT, 44 g AT BN e Ao TS AH 07 F)=5)
459 7 okry sk ol atalr)ske] o Z= - - -
o o @A, )8 SRS IA PR 10 RES Al
Ml I u ] yang.ac. N - _ B B
Konyang University, 121 Daehak-ro, Nonsan, Chungnam 32992, Korea 73" éiﬂ g4& 9—:]' 25 78‘"?“0"*:3 ﬁ] g;_}\] ./_\.E\Bgl =2 ]7 ]’ 7’] 7(]37— =7 ]
o2 =20 g E9]520201d 59 31971A] &3] 2 B FAw 20201 6 A 2H FLA]E 913 7}A o) ol BB A AH 9] 2. 7] 3}

sol EE2AHE AASAEI,

Copyright © 2020 by The Korea Institute for Structural Maintenance and Inspection. This is an Open Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

23



LA e Fol7} @ FHTH12-15]. o818 V& A A& =
B3tz 2ol @43 AT 2 752 7S A5
&) 54 Al A Y| EQ] S(wireless sensor networks; WSNs)E- ©]-&
gk SHMO 3t A7 Ebstth 3, 10-11, 16-18]. WSNsE ©]
43 SHM 712 7412 2857 ol | E&2 A1
7 glo] AA 8] ), o) Fo] AfFaL, =3 HTH/W 7|9
= Aoz o 2 AHsHA ASA 'S 743 S 3L
OH= S 2= 11,19-20]. WSNs=- 0] 831 SHMS- =38
317] S8l A= A8 o2 5412 Alghe s ellA
O] F23HS AART 5T F Qlofok i3, 21]. 53
TEEY 58S B4 - "7 flali A= A 28 Fel Bl
A o 2 w2 H|o]H ;(data-size)d] FH-SHUIKEE 5

< AL g 53] of gk A=, WSNsE ©]-8-3F SHM S =35}
7] M= WEQ GO Z It Hlo|E £4gle] 87H T4
SHE TR 2338] ¥ 53tal, -8-%F DB(data-base) 2] 7+
-2 Ao A vl =8-S H 4318 4 Q= 7] Tijt

o
ox I

(¢4

AEA(CS) 71E2 T T4 B oA tl-§7Fe] Hlo]
EE A2 ($A-23h] 218 71<4 gigke] & 4 ok
[23-26]. ]2t WEtel| A F T 7444 Eofof A= WSNs 71E
SHM< 913t 1A A](7h) 7138%1 2@¥o)de] d8E
Zro 2 JidkE Q1F-BEIH F(cochlea-inspired  artificial
filter bank; CAFB)E ©] &3t 7 2E=5E 9 5239
AANZE AT = = 7]1E0] 271EATH27]. CAFB=
e o] A A3} 24 =2 1 Aoj(M-code 5)= ©|
&3l SIWA O E a1 w2A] /A, o] YHH =
2ZE o] 7]&(embedded software technique; EST)S ©]-&
o] A2 2Elo]] A 3F5] 21-(FPGA 7|4k embedded) & <
A= A o] ArH28-29]. AT o] Aol = EtEkaL
A3y ATe A 7E CAFB7F WSNsE ©]-8-3F SHM < 23]
AF-Z Q1 Ao A -857] A e T 2A(TF(E)
22, 9R3H =1 F)olA AP AFe] 879 53
O FRE] HsiEs, #4 T3k t19 ] s ot
CAFB= 28] HAskd < 7] wl&el, HA3& 918 71+
Aol e o] 5 Tl HA3E CAFBY Ad5/a%7} 3
7}z ojof gk}, ®ESE CAFBE= SHM S $l8l| A +2E2] 34
(TNY F2F Brt ole} MK 22 &3] o
& YD Ao E 2B FEI TRIFS S
2 o2 F5T = lojof g

E=wdAe gy o® a7 250 a8 7=
AT RUEP S 918t 34 T34 M9 E 10Hz 1|RES.
2 A3l o5 915 CAFBY] A3} o} x| 31743
Al CAFBE] A|R-$HA5S A8z o7 Hrlstgtt o] 5 9
3l WA Kobe A|Z13}8-& o] 8-3te] CAFBE A 3}31,

)
N
ra
H
41
B
MO
[al
rn
Jo
A
e
o
ot

grl
I
T

27! HM243 X 25(2020. 04)

o] = AA 73 T IDAQ Al =Hlol AWt & 3k} 1
11 Kobe A X3} -8 o] 83k 27371 nlafol th gk 2| 155

2

28-S 35T npA| e 2 CAFBY WS IDAQ Al
HS o]g3te] AATEO R 277t wEF] A X-gHE FAL
2 3531y, 359 A5EE RIS} 4T v aEk
ol Age] A2 RE FAEE AR S} tinlste] 9
T3 $E4%5H volE 4FEAE B, T3 CAFBE
AN GG E F2EY AT SHSHES ARH 0 E ¢
FALE 7 A} HFZ o2 B =FolA H7HE CAFB
= BA FI g Y(10Hz VThE S4 o2 HAsHH A,
FAA] FREZHE Y AZSHE 8302 F5ste]

58 5 gl 71 %2 B

2. EYOIH-2ETPG UTEEIYI(CAFB)

2.1 CAFBL| 7Hdxt <14

st 1K AEANE Y FAZEI S WiE(SF, ZEA)
o|tH20]. o]#igt BE A= ¥4 Falroll A wet 2] &
At 2 o om, HAIE el A Y 5D E Y
7W4x(number), O & Z(bandwidth), 7F4(spacing) 5= 273l
of gtt. w3k WA RRE 9 YA (F, AT
52 o EA JHENF, ALY HE
A3} FY(F, dlolE] Z27(size)= FL)3ITh Wk Algh
AEE S 2= WSNs 7IHEe 2 229 T35 S
E7 o= g5517] flsiAE tlolH ¢ h=7leo] 874
. Ol flall A3 Aol JiEE CAFB:= 2 ZE{H=
d< 918l Fig. 13 o] tid 532y HZ s} dag&
(band-pass filter optimizing algorithm; BOA)$} Hlo|H] 452
2t HFA| ME 1] F(peak-picking algorithm; PPA).L.
2 FASATH27].

Aol

)

4 & o oft

CAFB = Band-pass filter Optimizing Algorithm(B0A) + Peak Picking Algorithm(PFPA)

\ . A

E L T |

Signal recomposition | | Peak value detection

Dynamic respanse Signal Decomposition

(Raw slgnal) (Filtering slgnal) (Reconstruction signal) ~ (Compressive signal)

Fig. 1 Concept and component of CAFB



SHMS -r] 0]'04 7= %31 F_‘E(target-mode)e_r 7S]
o A3etes WA T d9e SACE dHWasE
Adatal, oA ZHE AL S E 4HE3 o] BOATE T
A HEHY M, G E, HE S HHEH o 2 M,
AN EE AHETTE BOAA A28 A Es o 7

ZEZHE 53 YA4 S (raw(original) mgnal)ﬂ«] Ho!
£ &3l AR E TR A sl FFeE e grieith
=EAE YAALE Oib] BOAYA Aed A Ee] &+
59 kel 918t Fig. 2 2 2(HEFH, 21(2)] Al
9 ZKreconstruction error; RE)E- ©]-&-3}53TtH27].

FIF

i

l‘

AL ofN

—— Raw signa
— Fecon. signal
0 \\ / T

Fig. 2 Concept of reconstruction error (RE)

u(t) = y(t) :ayt(t) (1)

ST 1= 11/ 1uto)]
RE = 7 )

T

[ 11/t

0

T

SA71H, ult) s SHARE S AAAE, (1) SHAIZE A
AN E, y, (1) SHARE B AZRE (0 S A
ANE, T $HAE] A Zol(ser), N 7 SolTh

HFA A= ?—_mal%(PPA)% (1)< F3 289 A
3E JFEo 7 AANFTY HFXH|(peak-values) TS ZrolA
Sk 7}—’4_"‘—11:_ 2 535-& - ESKre-sampling) SF

o] S ARSI S NS TH27). olw) M FX] s
L HA 415 Eﬂ%ﬂi ol TAI9] 259} o] F TA | A
5 9 21(3)9] TUYAHER S o] 83l Al4ks)

a1, 3o —rl‘ﬂg}ﬂ WAE RS 75wk 7] e Al
e AEsIAT. olFA AEd Az AAE i)

BA
Fa18 Q1 dlo|E Z7](data-size)E BlL3E7] IsiA] 2l(4)<]
4=-E(compressive ratio; CR)= ©]-8-5k] H7}Fsk{TH27].

v

Fig. 3 Concept of central difference method for CR

(z(i+1)— flz(i—1))

P |

fa(i))= w(i+1)—z(i—1) v
NS, — NS¢

CR= TSO @

A7NA, £ (2(i)) e THHERE o] 83 FA 7122 E 2(i)
o] &3k, NS o= 452139 HolE] i<, NS = dAE

o] dlo]g} 7j4-o]th.

3. CAFB 7|2F IDAQ A&

3.1 Kobe X|XlufdS 0|E3H CAFBL| =X}

kA 27l A YJERA CAFBE 953} B E H43) ¢
g5 2 ATA AE GuEgFoE FAHY, o) ¢uEFE
S ™| AL S T FREERE Y dANEE HH
o 202 Fal-AA-tEeth B Ao s dUdo R &
At AAFZES] 5H-SHE ASAYE] St 2159
Fak @ o] 10 Hz P9kl 55 o] 1= Kobe(1995, IMA,

NS)< ©|-83t] CAFBE 23} 3l th. £ =&l 4 CAFB
o] ARl 93l 71FAI SR AHS-H Kobe A 7198 9] A[ZE
2 Fu}= o -0 Fig, 49} 2T}, o1 7] A] Fig, 4(b)2] Kobe A%
e Fa F9E e}zmwa, 10Hz 7] ¥hol] ~IE A&
o] FFH ] U= Ae T = Uk WEkA Kobe #1713
3O = CAFBE =3} & CAFB: 10Hz W|9+e] #4)
T U9 S FACZ ASE FEY & F IS Y
HZE 9 A=, thHE 18], 14 5ol AARE E}. =
?‘5]- om}zq og Zj/‘\j-_l ]:9] 73]—1;]] :rL}_

Ak ATEAS 27| t ol AXE =

@%
3=

2
H
ol
ruk*l
_|
S
O
=)
%
e
}F
é
)
rr
o
fiu)
N
ot o
=
Jo
e
e

J. Korea Inst. Struct. Maint. Insp. 25



— 05
=2
(=
: \
g o M J 'V” e
©
8
<
0 5 10 15 20 25 30 35 40 45
Time[sec.]
(a) Time domain(Kobe)

0.6
@ |
S04 ‘\\1
B I,
4 “\J" 1
302 I \

\ I [\ \

e‘\
U”W ‘\“ ) , WM / / \ U ‘wf\A”M AP YN AN VYA
0 2 4 6 8 10
Frequency[Hz]

(b) Frequency domain(Kobe)

Fig. 4 Kobe seismic waveforms for optimizing of CAFB
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Table 1 RE values for a filter bank with 11 filters (Kobe)

Bandwidth of Filters (Hz)

0.1 0.2 03 04 0.5 0.6 0.7 0.8 09 1.0

0.1 0.096067 0.084236 0.080077 0.082365 0.087837 0.094984 0.102483 0.109345 0.116136 0.121995

0.2 0.095633 0.08176 0.07732 0.082198 0.091912 0.102962 0.115322 0.126398 0.138912 0.151859

0.3 0.091655 0.075071 0.074938 0.083112 0.097074 0.115053 0.133659 0.151348 0.168486 0.186931

04 0.084667 0.064194 0.064858 0.078022 0.098218 0.119631 0.142064 0.162638 0.183067 0.203075

0.5 0.090779 0.069007 0.055638 0.054312 0.06462 0.082086 0.101667 0.123018 0.144793 0.16486

0.6 0.090381 0.069556 0.054696 0.049381 0.05618 0.068812 0.0848 0.103019 0.121652 0.140129

0.7 0.089742 0.070533 0.055998 0.047675 0.050395 0.060625 0.073092 0.088175 0.104443 0.121059

(zH) Suoedg Joy1q

0.8 0.091335 0.073134 0.057185 0.045402 0.04377 0.04854 0.057511 0.07127 0.087238 0.10383

09 0.093537 0.076502 0.060853 0.04571 0.035046 0.033989 0.040913 0.052939 0.067468 0.082595

1.0 0.095675 0.079609 0.06516 0.051377 0.039153 0.0315 0.032037 0.040796 0.052226 0.064903
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Fig. 8 S/W for the IDAQ system(Embedded CAFB)

4. 2BZt LTS OIS X|XIGEEY

41 cha TXE2(AEZ Y

H =Fo]| 4= Kobe AN IE H 2 3E CAFBY S84 %
S AP o2 PrIEAT o] & sk, A R 277k
WS AR, S8tk 277 w2 T3 7H2300%x1800x
400 mm(BxLxH))3} %74 7+ (6000x1800x400 mm(BxLxH)) <
2709] 7E1 Ello] Bof Aok o & uijx|atl om, #= 9 9=
ol 25 &4 A Hste] S RzE A A5k
o} 3, 7F 73318 shtoll = Al = e 7343 S ZHe LRB(lead
rubber bearing) & &85+ 7} 73112] 3 WK X-direction) 1 2}
IFZ1EF7F 10Hz PITke] E =5 A AISHATh

Fig. 72 &% o) 278k A-FZE W 3 (CAFB)2] 5%

(e} =
A H F2EH IES A SR AN E9 AA(F 3D E
YUehd Zolt) 2747 wEke] 52717 (dynamical excitation)
2 3ol A7 Nk A-FHEY A9 HA3HE 93l 7S
2o 2 AR Fig. 4(a)2] Kobe AR (A7F0]8 A %5)S
o]-g-3l] 7}l o) &2 -3 weko 2 7RISt vpx| ko 2
7R S 2 RE FEREEE F2731e] TN R
(A-SA), 117371e] 33 715 5(A-SB), 711 H o] E2] &
ek 7= SRH(T-A T, T-B) S 71127 (Kobe A 711k
%) HE g53i3th o2 A 7H Blol & o] 83l =X A

A& AL o] /9] F3E zhs d% < B ol
9)5-2] MATE A 78} (Kobe A7 HAZE 5)& WS o),

J. Korea Inst. Struct. Maint. Insp. 27



ErTiy

II’.I

Lead Rubber bearing(LRE}

Fig. 9 Test setup of 2-span bridges and measurement Points

A 3 o A= A ZETF10HZ PITR] A s A
=9 THSHE YA E 7+ UES CAFBE HZ 313
t}. o] 24| HZ3lE CAFB S5 %5 S A 8% o= rtst
7] A B =rollA e 2737t mEFs ARSIt ol 273
ZFaERe AAH 1525571 10Hz 7] 9HY w)) Kobe R 21324
2 & 3lE CAFB7} V@& <+ dth whehs] 2 =7
218G SEA Fig. 103} 32o] 2733t ko] 433
2575 Frkstanh 2733 wEFke] #2737k 11
o] A WA I/ 5= 47 9F4.5Hz9) 2.2Hz WL =2
A= 273 ﬂ%} 10Hz 7]9He] &8-8H-< ¢t
2 HZ 3l CAFBY] 394
== B}

T

A

=

X

ol
oo rlr

ox
kY

ot
sy
o o~
3
Pﬂ-ﬂ

off A
tlo =

N
3
X
R
e
k)
ox
4
PN

Short-span

10

Magnitude
(&
~

0 L L L e A e AN ]
2 4 6 8 10 12 14 16 18 20
Frequency [Hz]

Long-span
T T

Magnitude
(&)

2 4 6 8 10 12 14 16 18 20
Frequency [Hz]

Fig. 10 Natural frequency of 2-span bridge(Horizontal)

A4S FYsion, o 3
S 7HEE S92 I ESE T B4 EAAE A AH

T o H"d= 17

o] AW T] = B CAFBE A 3-8 oA =

Kobe XX 3L 7|F0 2 F 117019 thg532E, 0.6Hz
o] "¥ 9= 18], 1.0Hz2] ¥H HF o= 74zt A8}
Atk Fig. 118 2733 w @] Kobe A28 2] 717240
g 54-8F S5 g AR BAL A E ] HA o))

e —

Wireless sensing

W Ly

Main host PC(Real-time)

CAFB-based IDAQ system

Fig. 11 Acquiring dynamic response of 2-span bridges

Kobe #1717452 0] 83t 7|

rﬁ

BAF A S 9Jste] R4
Shal A YA AFAE oA A AP S W38k AL, o] 23 o]
o A7k I3 B A7} 1:]! HH= @ F4A4S 359
H S ?J8] 878 HaT(FAAIS 88) tlolEl& Az
AAFANE ANA A=, A "‘6]-911:]- Fig. 12+ Kobe #3173

L 0] 83 7} 57401]/\1 247+ AT AZH G4 A=2et
I} FAAS HE2 DA Z (original signal)S A T3t
T ez ‘/}F/Pﬁi Zlo|tt.
Fig. 12(a)¢} Fig. 12(b)= Kobe A X33 7}z 2710 th3k
7470 Hjo] B A ﬂ]ZQ PO PAR I I EE R ORI |
BP9 Zl01E, o5 2t ool v S W Fig. 29) 47

71% &5l ﬂm%‘%%%v‘} | BT, B3 FAAS
A 2EH O 2 HES JAX T T FAAZ A| 2] AT E &
8] FE 5 ek, B i=Rol A TG FAAS A 2Hlo]

E}33he Slskait). ok Fig. 12(c)~()= Kobe A X133
7Rz gk SR AR AR ke SRS

Tstel ekl slolt o1= SHL HH, A T
Pz Ke) @%A]A]

(6]

™o

E(CME)o) 2 HRE FAN VIEE oo 2 BRI
*1IDAQ AIAELo}%%P
& A AR E
X<l

e

i
i
1o
N
N
oX
2
rr
of
o
ftlo
N
N
52
N
)
o
i
-
o,
P~
L
i oy (2

£



—Vired

Acceleration(g]

o 5 10 15 20 25 0 35 40 45 ] 5 10 5 20
Time[sec] Frequency[Hz]

(a) Time responses(Excitation table) (b) Frequency responses(Excitation table)

Short-span(Kobe) Short-span(Kobe)

—Vired
|—wircless|

lagnitude

Accelerationig]

o s w0 15 20 25 30 3 40 a5 o 5 10 15 20
Timefsec] Frequency[Hz]

(c) Time responses(Short-span) (d) Frequency responses(Short-span)

Long-span(Kobe) Long-span(Kobe)

—Vired
|—wirctess|

To s 0 15 20 25 3 3 4 45 o 5 10
Timefsec] Frequency[Hz]

(e) Time responses(Long-span) (f) Frequency responses(Long-span)

5 20

Fig. 12 Seismic responses of 2-span bridges under Kobe wave

Azl e B 2 SHMol B8 s 3-8 7S At
Y5st=t B ST ol E TR & ==X
© 358 7 FASHEANN D) S e E¥old ¥
71 JAF B A] S TS Brke] A Hlalew
&8skt

5. CAFBY] X|ZIEESTEIL

5.1 X|ZISEoll cist CAFBL| RS2}

£ =Foll4& Kobe A X131 & o]&af H & sle E3go]
A7 el Z e T2 vlolE] AU S APz ow
H7V3E T o] & f1sked, SbA 478 A 71 IDAQ Al 2=H)
02 ASH 5HSEE VIFNE(YA T E FHst o
AAE div] AL s 0] FF5HS B8kt olw A
AE= HAsE JIZZEHWIE T HE T AT E o)
gt} Fig. 13- Fig. 122] Kobe X X138 71712710 A 41
AZS 53l 53 AT Oin] AR Fai4= G o) A
4135 vl veRd Zo|thFig. 130014 1, Kobe A %1
}5-& o] &3l A2 W CAFBE A4 YAAlZ e nE
HRE 83| AsIAct A=, s -gE HA st
2]Z&LS CAFBY HZ3} 210 2XE 10Hz v|Rke] a4
He YoM HHREE 233 58 F JIEE -3 A

A= A2 FdsHAT

Excitation table(Kobe)

Excitation table(Kobe)

T s 10 15 20 25 s 3 40 45 (] s 10 15 20
Timefsec] Frequency(Hz]

(a) Time responses(Excitation table) (b) Frequency responses(Excitation table)

‘Short-span(Kobe)

: - %&
i Wibsas

o s 10 15 20 25 3 35 4 45 o 5
Time{sec]

(c) Time responses(Short-span)

Short-span(Kobe)

10 20
Frequency[Hz]

(d) Frequency responses(Short-span)

Long-span(Kobe)

Acceleration(g]

* %TAWWJ' AN L.
s 10

s 10 15 20 25 30 35 40 45 o 15 20
Time{sec] Frequency[Hz]

(e) Time responses(Long-span) (f) Frequency responses(Long-span)

Fig. 13 Reconstruction vs. Original signal

Table. 4= Fig. 13(a),(c),(e) oIl YERHA YAIX T oin] A
Also] QAHHRE)S UERH Aolth Fig. 13(a)(c),(e) &
Table. 4=5-E] Kobe A X133 71zl thek A 2=
Hl=H(excitation table) 1l 41 0.003283 (A 71 &= 25 99.671%),
37kl A1 0.003770(ANA BT = <F 99.622%), 373 Tkl A
0.005278 (A B I= 25 99.472%) 0 2 Z+zF ety A=
H =504 Kobe A X3 o2 77} 223w QAF-HE
T 2- A3 wEge] 53T I5IEE -3 AAFHA

2 sl 5 gleh

oo

Table 3 Reconstruction effect

Reconstruction Excitation Short Long
effect table span span
Kob 0.00328348 0.00377063 0.00527802
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Effect[%)] 99.671 99.622 99.472
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Table 4 Compressive effect

Compressive Excitation Short Long
effect table span span
Kob CR 0.35940451 0.17420286 0.08965670
obe
Effect[%] 99.671 99.622 99.472
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Table 5 Spectrum effect

Spectrum Excitation Short Long
effect table span span
Recon. SE 0.00624964  0.00474390  0.00805394
Kobe Signal  Effect[%) 99.376 99.526 99.195
Comp. SE 0.00668556  0.00509212  0.01561914
Signal "L %] 99332 99.491 98.439
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