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The Harmonic Distortion Level Measurement System by Using the Adaptive Filter
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Fig.2 Harmonic distortion level measurement sys-
tem for a loudspeaker by using the tracking
filter.
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Fig.3 Block diagram of the proposed measurement
system by using the LMS adaptive filter.
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Fig.5 Convergence characteristics of the harmonic

distortion level by the proposed technique
with LMS algorithm. (f1 = 1000 Hz)
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with DXHS algorithm. (f; = 1000 Hz)

77



B EHRERE FRRILEE 2009/2 Vol. J92-A No. 2

ABEOTARRAEIZLLCFIBEINS f, = 1000Hz O
TAMEBDLEDUERRTH A, RN, #l
Lo THEIELTHAERBS DT =153 T 5 &5
BRTOT 4 VI HRANT —-OBBEBFEREOT
AETRLTNA. @5 K6 Lh, £2~85KE
RBERS IZOWTIZIERIEE 10 BRETIEIT—%
DUVTARIZIR L TWS Z LA RMRETESL. LML
fr = 1000Hz IZBIL T, 46, 8 7 RERERDIC
DV —70~—-75dB IZIEL TWB X H IR S
NELDODEHHFKREWLD, FHRUTHAROBRE
BHEELERE o7 D f1 DT A MEHFDHE
DERBEOTAEE, EEACOBREHNFTIZOVT
IR 5, 6 D 2~ 5 REFEHES &
VIZEIRICEERRIA A 10 BARE TIEIZ—E @I
L.

4.5.2 Bl ERE

z3, F4, £51, R ogRIcksr0x

ARG PNVERVUERENES AT LTOEHELT
AEFRT. FAFERTIE, R (3), X@) HHD
EERTORUEEREZ KDL, RADOEIRKRTH
1dB kil TH o7, K 3 THIMT X TRLAHEE
i, 4.4 ThkO/BETREL VY (0~-66dB) D5t
DELZTLTWS. &4, £5 OHITEE, Lokl
TH 71 ¥ BHHITIZIGE L - EBEE 30 o
BATORMEETHS. RUELERTHE, WEENE
MBI NEEE LT TLL, RAET R Lo
TWAHHIEE 5, K6 D6, 57 REFERDTD &
HIYLREEDER A K E W OMERT S HEF L 72D
DERLTWVA. 72, £ 3 TRHETEL > V4D
EAL ENAREEII OV TIEEREICIEIM & TRL
TWh, 4, F5 BV TRKETRLABEBER,
FREETHE SN -ERAROTARNP 7D ARRY
VR X ZEIEECH L £3dB DATH - e
EXRLTWAE, $EAKXRTTRODHHEMEIL, 2

£3 JOAARY PVRIZEBERKOTAK

Table 3 Harmonic distortion level by using the cross-spectrum analysis.

harmonic f1 = 200Hz f1 = 500Hz f1 = 1000Hz f1 = 1500Hz
2nd —51.4dB —36.6dB —41.1dB —35.2dB
3rd —29.9dB —38.1dB —38.8dB —35.5dB
4th —47.5dB —47.2dB —61.4dB —60.2dB
5th —36.8dB —46.7dB —49.6dB —47.4dB
6th —50.6dB —60.1dB (—69.4dB) -
7th —43.1dB —-50.6dB —48.5dB -
8th —46.0dB (—69.3dB) - -

F4 LMSHET7 AV FBECARENERICL EEHEOTAE

Table 4 Harmonic distortion level by using the proposed technique with LMS
adaptive filter.
harmonic f1 = 200Hz f1 = 500Hz f1 = 1000 Hz f1 = 1500 Hz
2nd —45.6dB —34.9dB —40.3dB —34.3dB
3rd —29.1dB —36.2dB —38.9dB —37.7d4dB
4th —46.8dB —45.9dB —59.9dB —62.7dB
5th —37.4dB —45.7dB —43.5dB —57.3dB
6th —48.2dB —-59.3dB (*¥*¥) -
7th —43.5dB —52.1dB Hrx -
8th —43.7dB (x*%) - -

5 DXHS @74 Vy2HVARFUEECLAEREDT AR
Table 5 Harmonic distortion level by using the proposed technique with DXHS

adaptive filter.

harmonic f1 = 200Hz f1 = 500 Hz f1 = 1000 Hz f1 = 1500 Hz
2nd —48.0dB —35.0dB —40.3dB —34.34dB
3rd —-29.1dB —36.3dB —38.9dB —37.7dB
4th —47.4dB —46.0dB —60.1dB —62.7dB
5th —36.5dB —45.7dB —43.6dB —56.9dB
6th —45.5dB —60.2dB ) -
7th —42.9dB —-52.1dB Fak -
8th —42.5dB (***) - -
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Table 6 Measurement time by using the proposed technique with LMS adaptive

filter.
harmonic f1 = 200 Hz f1 = 500 Hz f1 = 1000 Hz f1 = 1500 Hz

2nd 9.8s 7.7s 7.8s 8.0s
3rd 7.4s 7.7s 74s 8.1s
4th 8.0s T.4s 10.1s 12.0s
5th 7.8s 7.3s 8.0s 8.0s

6th 9.4s 5.8s (***%)

Tth 7.5s 7.2s Hkx

8th 9.1s (H%%) -

£ 7 DXHS #IL7 A4 VY % BHORENEEC L 50 ERM
Table 7 Measurement time by using the proposed technique with DXHS adaptive

filter.
harmonic f1 = 200 Hz f1 = 500Hz f1 = 1000 Hz f1 = 1500Hz
2nd 10.9s 7.1s 6.3s 6.8s
3rd 6.5s 6.8s 6.3s 6.9s
4th 5.1s 6.5s 9.6s 9.5s
5th 74s 6.3s 6.7s 7.1s
6th 5.9s 4.8s (***) -
7th 6.4s 6.6s HEX -
8th 8.8s (*¥¥*) -
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Fig. 7 Harmonic distortion level by the proposed
technique with two adaptive filters. (LMS

adaptive filter, f; = 1000 Hz)
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technique with two adaptive filters. (DXHS
adaptive filter, f; = 1000 Hz)
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#8 ZODWETA NV FBAVWERENTECL2BRAKOTAE (LMSHLE71VF)
Table 8 Harmonic distortion level by using the proposed technique with two
adaptive filters. (LMS adaptive filter)

harmonic f1 = 200Hz fi = 500 Hz f1 = 1000 Hz f1 = 1500 Hz
2nd —46.7dB —35.0dB —40.3dB —34.3dB
3rd —29.3dB —36.3dB —38.8dB —37.7dB
4th —47.0dB —46.1dB —60.4dB —63.4dB
5th —38.0dB —45.7dB —43.6dB —56.9dB
6th —49.8dB —60.2dB (***) -
7th —43.7dB —52.0dB kol -
8th —45.4dB (***) - -

£ ZODBELT AN EHVIRENERI & 5EAROTHE (DXHS BT 7 A
Nz
Table 9 Harmonic distortion level by using the proposed technique with two adap-
tive filters. (DXHS adaptive filter)

harmonic f1 = 200Hz f1 = 500Hz f1 = 1000 Hz f1 = 1500 Hz
2nd —49.9dB —35.1dB —40.3dB —34.3dB
3rd —29.2dB —36.3dB —38.8dB —37.7dB
4th —47.2dB —46.1dB —60.3dB —62.6dB
5th —37.5dB —45.7dB —43.6 dB —57.0dB
6th —48.8dB —60.6dB (**%) -
7th —43.9dB —~52.0dB kol -
8th —44.4dB (***) - -

R 10 ZOOMIB7 4 VY & BOWIREMEEC & 2 WERH (LMS #E7 14 v5)
Table 10 Measurement time by using the proposed technique with two adaptive
filters. (LMS adaptive filter)

harmonic f1 = 200Hz f1 = 500Hz f1 = 1000 Hz f1 = 1500 Hz
2nd 1.2s 0.1s 0.1s 0.1s
3rd 0.1s 0.1s 0.1s 0.1s
4th 1.0s 0.1s 2.9s 0.8s
5th 0.1s 0.2s 0.1ls 0.1ls
6th 4.5s 7.8s (***) -
7th 0.1s 0.4s ok -
8th 1.0s (***) - -

R 11 ZODHIET 1V F EFRAVRENEE X 2R ERMHE (DXHS BIG7 1 V)
Table 11 Measurement time by using the proposed technique with two adaptive
filters. (DXHS adaptive filter)

harmonic f1 = 200Hz f1 = 500 Hz f1 = 1000 Hz f1 = 1500 Hz
2nd 1.3s 0.1s 0.1ls 0.1s
3rd 0.1s 0.1s 0.1ls 0.1s
4th 1.0s 0.1s 2.6s 9.6s
5th 0.1s 0.1s 0.1ls 0.2s
6th 5.0s 4.5s (***) -
7th 0.2s 0.4s HEE -
8th 0.9s (***) - -
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