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Development of Multi-Modal Rehabilitation Algorithm

ABSTRACT

Subjective tinnitus is a phenomenon of sound perception without
external auditory stimuli, often accompanied by sleep disturbances,
distraction, and emotional fluctuations, significantly affecting patients'
daily lives and work. Due to its complex mechanisms, there is no
conclusive understanding, and although numerous sound therapies exist,
their effectiveness remains controversial. Currently, clinical evaluations of
rehabilitation outcomes largely rely on subjective scales, lacking objective
physiological indicators. Individual characteristics of subjective tinnitus
patients vary, and the effectiveness of the same sound therapy differs
among patients. Moreover, the separation of detection and treatment in
clinical studies also impacts the treatment outcomes. This research aims to
explore the effectiveness of personalized Notch-Masking Music Therapy
(TMNMMT) for the short-term initial treatment of subjective tinnitus
patients, identify effective characteristic parameters, optimize the sound
therapy plan based on patient-specific parameters, and design a
corresponding detection and treatment platform.

First, to explore the efficacy and effective characteristic parameters of

sound therapy in subjective tinnitus patients, a short-term initial treatment
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experiment based on TMNMMT was designed to verify the actual
therapeutic effects. In this experiment, a multi-center study approach was
used to collect individual characteristic parameters from 769 subjective
tinnitus patients from more than 20 hospitals. The "Tinnitus Rehabilitation
Therapy Instrument (QEHS-TIO1)" was used to generate personalized
therapeutic sounds, with patients receiving 10 minutes of therapy. The
effectiveness of the sound therapy plan was evaluated by analyzing the
residual inhibition (RI) duration before, during, and after treatment, as well
as the subjective scale scores (VAS L and VAS A). The results showed
significant reductions in the VAS L and VAS A scores before and after
the initial treatment (P<0.05). The average RI time after treatment was
81.02 £ 125.7 seconds, with 79.5% of patients showing an RI duration
greater than 10 seconds, and only 76 patients had an RI duration of less
than 2 seconds. In patients with a THI score greater than 38, EEG
experiments were conducted to analyze changes in the power spectral
density (PSD) in full-band and sub-band brain regions during the treatment
process. Results indicated significant differences in the Delta and Alpha
bands before and after treatment (p < 0.05), leading to changes in the power
spectral density in the frontal, temporal, left central, and occipital regions.
Notably, the VAS scale had a strong correlation with the Delta band, with
a negative correlation coefficient of -0.45 or higher between VAS A and

the left temporal and left frontal regions. These findings lay the foundation
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for optimizing the sound therapy plan.

Next, the short-term initial treatment experiment revealed individual
differences among tinnitus patients. To further improve the effectiveness
of sound therapy, a multi-modal tinnitus rehabilitation therapy
optimization plan based on patient characteristics was proposed. In this
experiment, the whistle sound, most commonly reported by patients as the
tinnitus sound, was used as the original tinnitus sound. Linear Predictive
Coding (LPC) was employed to predict the three resonance peaks of the
tinnitus sound. Three Finite Impulse Response (FIR) band-pass filters were
designed to extract the resonance peak information from the frequency
bands. Energy separation algorithms were then applied to separate the
instantaneous amplitude and frequency of the three frequency bands.
Finally, an amplitude modulation and frequency modulation model was
used to synthesize the tinnitus sound. The comparison of the Mean Squared
Error (MSE) and Mean Absolute Error (MAE) between the original and
synthesized audio showed that both were less than 0.005. The resonance
frequencies and amplitudes were set based on individual patient
characteristics, and multi-modal tinnitus rehabilitation treatment sounds
were generated by combining masking therapy and notch music therapy.

Finally, to realize the development of the tinnitus detection and
treatment platform, we selected the RK3568 development board as the core

hardware platform for detection and treatment, running a Linux system.
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The platform integrates the multi-modal tinnitus rehabilitation algorithm
and connects to a database, enabling the input of patient information,
selecting tinnitus sounds that closely match the patient’s characteristics,
and outputting therapeutic sounds based on the multi-modal tinnitus
rehabilitation algorithm. Operators can personalize and optimize the
treatment parameters through this platform, ultimately achieving the output
of multi-modal tinnitus rehabilitation therapeutic sounds.

This research utilized signal processing and clinical medical
technology to explore the effectiveness of sound therapy based on short-
term initial treatment characteristic parameters. It further designed and
optimized sound therapy and deployed it in a system, laying the foundation
for establishing global tinnitus sound therapy diagnostic and treatment
protocols. The research not only provides new insights for precision and
personalized treatment but also lays the theoretical foundation and
technical support for customized treatment plans in clinical practice.

Chen Huan (Electronic Information)

Supervised by Professor Gong Qin

KEY WORDS: Tinnitus, Sound Therapy, Electroencephalographic (EEG)

signals, Subjective scales, Residual inhibition
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B EEM RN LA, RiE VAS 0%, el LUK E 4 LR AN
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PSD) . Multitaper 777% /& David T 1982 SES3IFE H f—FlATRE 4347 7575, HEZ
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F2 |FP2|,VAF41,IFZI’VF2V,IF4',VF6I,|F8V
T1 'FT7,'FCS5'.'FC3','C3"'C5','T7
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ARSI AR S T SR N8 2.5 PR, B AHRbRAHER L, 1AE
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REAE, 8 BN S IR T A8 AN PRI DR R AT IR YT, S AR SRR
T HG R AR, R IR R 2 A GO M RN . O T SRR
#EF I, HRGEEAHEAE, KAUR RS R S, Jsd AH
BALIE RO B AT R 129697 . 18T 10 min JE4EH, FKICRZAFIRIT
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2.4 JATTHAED R

2.4.1 ZIREBHHES T

AT RIS — LN 769 4 FWNEH G B (1315 HD) , KA B EH
B 420 (52.6%) %, WHEFNY R 379 (47.4%) %o FEMS5I N 2 B
HAH 365 B (27.8%) , AMIEILA 262 #] (19.9%) , WEHEH 688 i
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A47. 4%

52. 6%
19. 9%
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P 2.6 () M3 88 55 LU (b) T3 R85 A B RS 0 531 L 451 P

AHFF A LI — B P ER A 4575134 %, BE TR ERRE A
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MRYEE G F PR IS, AT UK E S o AN RIS, AR RAE NS (<1k
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EIENGA 788 (60.0%) H. fEARBIFLSLR —h, HMHZEigLrh e 8k Hz M
4k Hz /i h5 o

LA . [ SR I DN S |
10 20 30 40 50 60 70 80
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(a)

0 L T r—————— ey
0 5 10 15 20 25 30 35
TR
(b)

Bl 2.7 BRGS0 E 1 (a) Rl (b) AR Aol
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KIGITHTS JE VAS L. VAS A VPl. g5 E R, JGI7A0 & THI 1 F45
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12 5 12 4
sk
10 H seksk 10 4 ,! 1
I 1
8 8
6 1 6 1
& |
R 4 | el & o |
2 4 2 4
0 - 0 -
2 T Zay I_ = 2 T o z T =
BRI wIT kG HITTI RIT G
(a) VAS_L (b) VAS_A

2.9 YT TG HSAZ i35 11 (a) VAS L; (b) VAS A B3R/ FUEL(**P<0.001)

21



RT3

o '\
" 60
£ sof 5 80 z
z | z S
f 60
60 . 40
)
40 l » r
i i.n B _N
® 20 40 60 8 100 120 (40 160 1892
2% RIis)

ol -i
. bl | i = nl,
0 00

100 200 300 400 500 600
RI(0)

K 2.10 V677 JE SR AR I o3 A

2.4.3 MER 31

TMNMMT 76 57 B 2 M FH e 38k 18 s 4 D8 ik ARG 38 H NG 3313 g vt ) —
BV E ARG S, RN I R MG S, I SEILR HARSER N
PREE TR ) 4t 25OR o I B R SeEe — R SIS B FE AT R, £ TMNMMT
WITIE, REHEHESHIEKNTEN RUIME, EVE SR, Hg iy
ARG H T 3 S T I 2R G 22 [ M R S TR G n 2 DA
%, BB (BEG) mTRDME N M A ikiny BRI EE T A .
BE— BRI TMNMMT 51 E Tz i 284\ ] 5: 808 RAS R 57 i
MG, AEFFEHAT . EUERMW DR, KREMHR
TMNMMT 5 H- 7 ROt 22 R S8 B 520

FE_EIR SRR b, % THI PP K155 T 38 BB 321 1 0 7 1 Fi S
B CanlE 2.11 FroR) o SERRTFARRT, 7 VRN R 2R VHEA K SES H AT R
FI o AR FE S0 b S S R e S A AT B R A, i R R AR )
TORZAE B OBOS . REFZE . MRIE. STRAMEE, A REZIEE
A 2R 7T BT (Before treatment) 5 434f. JAJ7H IT (In treatment) 10 4
PANGIT IS AT (After treatment) 5 70NN B . WITAR)E, IEFHEZIR
HHEIUAS VAS L. VAS_A 8%, JFids RIN K. L EKEESREH T
B Hria I AR AT BEAFAEHIAE L], PR SR & 3R vh o Tk LS 5 )
REATTE BRI .
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T HTBT(Before treatment): 54711

A 4

97 PITIn treatment): 1047 fh

A 4

T AT(After treatment): 5771

P 211 i i S AR R P
PATXS 17 ZE 2RI AR BN 26T 1 B s iR, A%
AR RFFE N N R 2.0 s seie A 2ilE (17 ) HH SR,
BWEREEE o4, LIEEE 8 4, HWMBINHE 8 ), £H 3N,

HE (6 D
R 2.1 588 — A B B R AE

pain F s ;z - JI% (H) WP AB)  EEMSIRERARIT
" “F) E & K ] £ &
1 19 E'S 6  WH 3175 4387 40 40 20 20
2 23 % 4  WH 4702 5657 40 30 25 20
3 19 5 1 XH 8500 3819 50 30 30 20
4 55 1L 10  XH 2828 2144 46 74 42 70
5 64 L 1 HE - 758 - 47 - 43
6 68 L 1 AEH 3482 - 70 - 65 -
7 18 % 3 XH 2462 3325 42 38 35 34
8 54 L 2 HHE - 3403 - 71 - 65
9 25 % 4  WH 5528 3564 46 20 40 20
10 25 5 1 HE - 5278 - 30 - 25
11 24 5 3 HE - 3000 - 28 - 25
12 23 5 1 HE - 4595 - 78 - 70
13 70 L 20 AH O 2047 - 89 -
14 25 &t 1 MH 3520 2520 @ 34 34
15 56 5 3 HE - 3403 - 58
16 34 5 AH 1023 - 31 -
17 21 % XH- 4287 3909 33 29

PatID: £ %5 (Patient ID)

T 2.2 VAL T b A A #E (n=17) £EVRYT T B RR B R
(THD ¥4 WEITRIE SRR (VAS) EWT5, BLARITE R AN
e ddl (RD BB . BEO=17)EITHTE VAS_A FIF1E5 755N
5.7+£1.8 f1 3.7+1.4, VAS_L WITEIRITHI G 13155 939 9 5.5+1.0 F1 3.8+1.0,

23



RT3

VAS_L 1 VAS_A BRI NG KA S8 N EESs B R BEEE R
(p<0.001) . XEW—VAITHIfE VAS L fll VAS A EEBIEA L 15,
H2Zi# 4 TMNMMT 697 5 714 RIBHECH 146.8+158.5 #. A A B H R M

H AR AR R ], Fedr 11 44 83 1) RUE 60s, RIS K&Ky 600 5.
Bl: £33k TMNMMT J&877 )5, B3 VAS L Al VAS A BR 1P 2B E FEEH,
H IR DA (A R AR R MBI G, RIZ P YT 77 ks BnG R A &7

% 2.2 B2 R 1 THI. VAS 43 0F 5% 4304

VAS A VAS L
PatID THI RI (s)
Before After Before After
1 39 8 4 6 4 60
2 42 7 6 6 120
3 46 6 5 6 4 60
4 52 8 4 7 3 90
5 48 6 2 6 5 30
6 40 8 5 5 4 60
7 46 4 3 5 5 30
8 48 3 3 4 3 120
9 68 4 2 5 2 600
10 38 7 4 7 3 120
11 44 5 2 5 3 200
12 72 8 5 7 6 120
13 58 6 6 5 4 480
14 38 5 3 5 3 25
15 49 4 4 5 4 80
16 38 3 3 4 3 210
17 51 4 2 6 3 90
Mean 48.06 5.65 3.71 5.53 3.76 146.76
SD 10.02 1.80 1.36 0.94 1.03 158.46

FESRES — o, A2 5 05T ) HE G 2 1) T FR R AT T A . 17
LR EAEIRITRT (BT « WEITHh (IT) FNAITIE (AT) =B [a) 5 s i i
AT RE, H ot ERMN AU D% E (Power spectral density, PSD)
R 212 Fixs
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K 2.12 JeoR T 28 i A SR ) Th 3 il % B AR a3y, BARBUE ik 2.3
Fiom. 8B E RIS WE AT LR B, 3R EE Delta. Alpha $EAE AR
HITH B PSD AR Z 5 76 BT (B, Delta 5B 1 Th 261 55 B Ab T AR
IMAE IT BrE, Delta HEH PSD M T#HESE T m: 27 AT BrE, Delta
BB PSD ISR . 5240, Alpha $EL PSD ARMLBEE 1GIT AT 2BL R
Bfa%s . IXsegt LR LEVRITIEFEH, Delta SBAPZIE IG5, Alpha SE
ZAHFN AR, X FTRER T AT 1R A2 AR BN 1 AR o X M B R
PE ) PSD A8k Ay ik — 45 B A% TMNMMT S 508 g 35 e 28 T P R S it 1
TR,

| — Br
=T
= ar
|

|

- | | Wlﬂ :Frequencv(Hz) £0 3“0
Bl 2,12 097G B9 19T R BE I DB AR
LEMEIR AN E (linear mixed-effects models, LMM) A& —Fh GE 1% [] i 45
£ 18 T RLSLANBEATL BN, B G v 25 7B, RS T o S N ik A .
LR B (AR A O REAE BRAT o ZEARF ST A BATIR I LMM 8L 53 #7524
FHWAITHT (BT) « 97 H (D) ANAITIE (AT) =B B B 7= =,
BAAHUEZ Rk 2.3 Frox. AWFsd, Midy (4% Delta. Theta. Alphal.
Betal. Beta2) #& M NZIAFEANRER, MiRTHE (BT. IT. AT) #M AR
WH AR E, [RS8 BN, DAEE e 2 A A HERA I .
N ZAAFEAE BT 1T F1 AT B BUR i s A 22 e k47 20 Canil 2.13 fir
R 0GR EIR Delta HUBH) PSD fEIGYT BUANGYTH (BT &IT, P=0.008) LLJ
WBITEIAIGYT 5 (BT & AT, P=0.009) 2 HLE EINP<0.01), X—KILFH
JERAE T TMNMMT V697 75 R RS HIAA . 1esh, 697 518775 Delta 4
B PSD LR 2 5, XA E B R AL T KR 57T, Alphatii
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B EAEVRITRIAIYAITH (BT & IT, P=0.045) MIGTRIAETE (BT & AT,
P=0.039) ZH[8)45 &2/ (P<0.05). SAMEBE TR . J5 PSD EAAEUE IR
2.3 A7

b O
|1 1T

A\
\

Delta Theta Alpha Betal Beta2
Brlrr[ar|Br]or[ar|Br |1 ]ar|Br[1r[ar[BT]IT AT

Kl 213 AEARBLAIT RIS . LA ME(**P<0.01, *P<0.05)
23 R EIRIT R P JE B PSD

PSD (v?) pfE

AL

BT IT AT BT & IT BT & AT IT & AT
Delta 41.85 4258 4317 P=0.008**  P=0.009**  P=0.163
Theta 35.28 3534 3576  P=0818 P=0.069 P=0.102
Alpha 38.09 37.03 3597  P=0.045%  P=0.039* P=0.254
Betal 31.47 3130 30.84  P=0.491 P=0.135 P=0.195
Beta2 27.37 2791 2744  P=0.123 P=0.0859 P=0.269

* P<0.05; ** P<0.01;

BE— DR FUAN R X AE VR 9T 10 5 Dh 280 0 A A R, R T o R L
R Z ANOVA 77 Z 523 /& BT 1T A1 AT ) PSD fg& (9 MEX7T
B, 3t 63 MEFEE) , 5B ER BT IT A AT =AM 8] A 52183 Delta-
F1 (P=0.042) . Delta-F2 ( P=0.016 ) . Delta-T1 ( P=0.043 ) . Delta-T2

(P=0.024) . Delta-C1 (P=0.034) [JPSDREEH B&HMZER. W EAMEER
MRS (R 2.4) , Delta #iBt PSD LR ERIMIX %, oA HH. Wi
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R e X . & 2.14 UL LM IX 9 PSD A& 1 2 ARG B, 7640 BT Ml
1 AT ZJa], Delta #iB% (F1. F2. T1. T2. C1) [ PSD fg i 2 B &£ R
(P<0.01), P{E%514 0.004 3. 0.003 5. 0.009 0. 0.002 5 1 0.006, 41 BT FI4H
IT 28], Delta #iE% (F1. F2. T1. T2) K PSD fe B RIH B EMEERP
<0.05), P54 0.024 8. 0.036 5. 0.049 3 1 0.040 0. M4k, Delta-C1 7E4H

BT FI4H 1T Z [A] ] PSD A& 7% Jth 235 (P<0.01), P{H N 0.006.
R 2.4 SYRIX AR 1 Th AR 0 B B ) 5 22 00 HT

Delta-F1 Delta-F2 Delta-T1 Delta-T2 Delta-C1

BT IT  P=0.024 8* P=0.036 5* P=0.049 2* P=0.040 0* P=0.006 0**

AT  P=0.0043**  P=0.003 5**  P=0.009 0**  P=0.002 5**  P=0.006 0**

IT AT P=0.2733 P=0.0556 P=0.0701 P=0.068 9 P=0.059 6
*P<0.05; **P<0.01;

rE
20 7]

50 Kk

i ﬁ? i

Delta-F1 Delta-F2 Delta-T1 Delta-T2 Delta—Cl
grlor]ar [Bror[ar|sr]ar]ar]er]ir]ar[Br]ir[ar

PSD

A\
AN

Kl 2.14 S AB I X V6 T AT s JE A G+ P< 0.01, *P <0.05)

2.5 EMERMMKEHIE

A W E R AN AR b, Z2ik# VAS_L M VAS_A SE48hR1EiR )T
Al JERIHREEE R W EBIRSS RN, Delta 5Bt PSD AL R, Jf
HAEJRIT JG Ko B RIA R K RIS . L& 0T % EM
ERAMBEE = KB, AT TMNMMT 283677 B0 Hh R 8 R A ML
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il o 215 Bon T 17 B2 0T (AEbniE) MRT e (RERE)
VAS_A #1 VAS_L 5 Delta Sl 2 [AIBI4A1E B35 FUAHDG,  AHOGME R %0571 29-0.49
F1-0.37. AL, VAITFHT. J5 VAS_A Al VAS L 32084k B0 B A T s,
37 TMNMMT e Rt B s ok iy M 4 o

Correlation: -0.49 10 :
Correlation: -0.37
10.0 [p-value: 0.0033 Poralue 0.0296

VAS L

1 1 1 1 1 0 L 1 1 | ]
00 375 400 425 450 475 375 400 425 450 475
Delta (uV/?/Hz) Delta (V2/Hz)
e VAS-A(Before) e  VAS-A(After)

K 2151697 R0E (a) VAS A ¥F4r: (b) VAS L 5IAJ7HIJE Delta 4Bt PSD (A <14

K 2.16 /R T 17 % B IRITHI G VAS_ A PR FIETT 7 J5 &N X Delta 47
B D23k ARG . BT RIS VAS_A Wor 5ANGITHTE Delta MBI 5l
- J 2 H X PSD A B 2 Fik e, Hid VAS A Al Delta #71E% ft) 22 i) PSD A%
T B RIA et i 3 (corr=-0.48, P=0.0045) , HIXALTH (corr=-0.45, P
=0.0074) .

17 % BEIGITHIE VAS_L PP FNEST RIS %M X Delta ARUBL D) Z1E [1) AH
KMt (K 2.17) , WBITHIE VAS_L AN SIRIT TG Delta SB35 PSD £ AH
KM (corr=-0.38, P=0.0258) , 5 Delta H'EfiN[X (F2. Tl1. T2. C1) PSD ¥J

AY
ToH A (P>0.05).
10 [Correlation: -0.40 10 [Comrelation: -0.38 10 [Comelation: -0.48
P-valuc: 0.0206; P-value: 0 0239 4o P-\'aluc'I 0.0945
8+ s 8 . e 8| ;T.(J“ .
‘CI 6 i < 6
w) w
z 4t = g4t
2 2F
0 40 45 50 0 40 45
Delia-F1 (uV211) Delia-F2 (uV2T1x) Delta-T1 (V?/11z)
(a) (b) (c)
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[Correlation: -0.41
P-valug,00172 o 4
r . e e @

10 [Correlation: -0.45

P-value: O'E?Z“

= .. *
2 10

¥

<

'JJI

=

2r L I )
375 400 425 450 475 0 20 25 50
Delta-T2 (V211z) Delta-C1 (uV21Tz)
(d) (e)

s VAS-A(Before) e VAS-A(After)

Kl 2.16 VAT HIJG VAS A $E4> 5¥RJT TG Delta S (a) 24 (b) A% () AW,
(d) Aint; (e) A deX PSD fFHRME 1T

10 [Correlation: -0.23 10 [Correlation; -0.23 10 [Correlation: -0.38
P-value: 0.1982 P-value: 0.1969 P-value: 0.0258
Toow @ T owe s
) 2 17 B 21 3 W
> 2oty 1% e
g Sy e —— E e
B I M &
! 2r 3 2r
0 40 45 50 0 40 45 50 0 40 45
Delta-F1 (uV211z) Delta-F2 (uV2/11z) Delta-T1 {(UV2/112)
(@ (b) (c)
10 fegrretation: -0.31 10 fegrmelasion: -0.33
P-value: 0.0719 P-value: 0.0592
Towme i
5 w7 2 15 13
:I 6r; 67 12 15 O Bew T s
I Rl v T\gv\n\a
R R ¢ e = Are " B
th i & & AN
2r 8 2r 5
L . . . - 0 . L .
375 40,0 425 450 475 40 45 50
Delta-T2 (UV2112) Delta-C1 (uV211z)
(d) (e
o VAS-A(Before) e VAS-A(After)

Kl 2.17 169715 VAS_ L P2 53697 B J5 Delta SHEL (a) £ 8 (b) A%iH: (¢) AW
s () A (e) AH[X PSD fIAHIME

UeAh, EiRIT IR , BTA 17 252 R A R AR AR A E] (RD
RRL. B 218 #E—B0 M 7R INHIN K 5697 FEANFESE (Deltay Theta.
Alpha, Beta. Gammal. Gamma2) DjZFiE%E (PSD) A4k [A] 7 £E G Ik
SR BT 4 R BRI 7] 5 & B PSD {H A RIL RIS it &
FEMAK(P>0.05) . A BT EE AR e IR B SBURE S ORI, (HB PR B4
FAAFAELL R RHIEZR: (D BEARER/N (0=17) , ATREEMSIT): (2D
o FEL B S R B BV TT W ST AS . REBIB BRI, (3D MK
MARGR AR et BT IAEARESS,  FRATHEN R AR 2™ w]
A&t Delta #1iEt (1~4 Hz) 1 Gamma2 #ilft (55~80 Hz) fF/EWEIERLSR: Delta
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BB AT B
WG R PR . X R AT
& DIRe R 7 in PASRHIE .
800 [Correlation: -0.31 800 Earretation: -0.09g
P#valuc: 0.2184 P-value: 0.7416
600 :
o (K]
';% 400
=
L 16 U
) 3 ° ) o‘ 'Olj.4u :‘

Delta(RI) (V2/Hz)

(@)

[Correlation: 0.14 2
P-value: 0.5914 .
g

32 3 36 38 40
Theta(RI) (UV2/Hz)
(b)
800 fegrretation: 0.24 g
P-value: 0.3573 .

26 28 30 32
Betal(RI) (uV?/Hz)

(d)

[Cogrelation: -0.28
P-#aluc: 0.2779

0.0

2.5
Gamma2(RI) (UV?/1z)

(@

L | 1
2426 28 30
Beta2(RI) (uV2/Hz)

(©

B IS B2 - F o 19X 28 OGP S, 10 Gamma2 BB AT BE#) K i AR A I
JRETKEEAE . KM S W45

[Correlation: 0.25 N
P-value: 0.3246 ®
600 :
13
J
400
200, ¢ i ;
E i S
U L ® L L
30 35 40
Alpha(RT) (uV?/Hz)
(©)
800 [Corrglation: -0.23
P-valfie: 0.3719
600 :
13
;
400 -
1
200 ¢
214 8
U L . 1 1
0.0 25 5.0 7.5
Gammal(R1) (UV?/Hz)

Bl 2.18 JAIT I ik AR K 577 )54 (a) Delta; (b) Theta; (¢) Alpha; (d)

Betal;

2.6 ZERSH

TR,
FH APl m]

(e) Beta2; (f) Gammal;

Wir i e 2 B2 TE R B
RE -5 B0k B0 g B
ML TTACT, T HAHAR R A 22 70 th 2 A 40,

N 58 (W 5 5 2 B ZH AR I AT DA

RESE IR,

1EH W 7,

VS 1 P 6

XA R AR i ) 1o

(g) Gammal PSD [AH %%

PEAT A VA 22 A ELAR

g MUY R R = )

H

A B 7 AT RS 1 RK A7 —

Yo B H AT LR B 2 0 5 2R VAl B R 7728
AW T — T Z LT TT, W E N 20 REELH ARG . iR
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B LSRR I A R I T EE M, FRATIE BN 52 U HE SR B AR AT T
HEBR YNt . ABFFILIREET 769 4 (45.7+13.4) B F MM EE,
Kb 174 25H) BESSRABELK. AT B 7RI R THI AR AT
J6 VAS 23R CE¥E VAS A f1 VAS L) vFosidE, oirfdsin, HuGEEE
BITHTE VAS BRI BRI, XRY] TMNMMT A 250 B0 R N LA
BEITR. HIGITHI THI 5 VAS L Fl VAS A &S, fEAM T, VAS A
5 THI kIS, MIRMERECN 0.53. X —45 15 EIRBEIH g it —3L,
R VAS AT LA R T PR PPl BERS f £ 58 H AR 135 0 1 B I S T8 T R
(RIPEAT

[l A SR OB 7 I, Alpha U5 138 A5 DR B2 2% 6 X A P AN 400 ol 2 3 45 5 )
FARB, Delta 45 AT U FENEI DD RE A5 26 5 AREARAS J7 Tt B A 8 2
1 FRIOON, i o) 2 5 S (10 R i e 250 A [ B T 3 £ TR AH DR 20 B IR
X FIEIT AT, TMNMMT 697 i B2 Delta A B 1) 3 56 1% A5 4k B o0 8 3%
(P<0.01), FKZ Alpha SilBL(P<0.05), FFHiGY7 R AIEIT G 1EIX e B TG 2 2%
ZE 5o UEH Delta AE (3805 HWS 1 AZ7EAHC, TMNMMT [i6y7 i B vl ge 5l
BT EEES., X4 5k aRMEe, SHTaMEL, &
TMNMMT 7597 Delta #EL ) PSD 2338 i1, TMNMMT 418022 & 7141 1) Alpha2
W HR BB ERK, HTFARLRRE LA, SHTaHt, BridE
H Alpha 4B PSD 3 f#K(P<0.05). iXFHH TMNMMT H] G541 Alpha A1t
R, 0f ER AR AR AL P A i . S UL AN R, AR IR 75T
LLiRITRT, ARAE Theta MBLR BB ZE 257, MU LERIER, aERAKS
5206 W R B RN (n=17) ,  FLIU/E AR R AR I 18] K2 367 B 18] -
PEA R

I B R ANOVA J5 270 Mr 321X # E BT IT #1 AT i PSD g5 5 i fa 4F
MERIZE R R I, Delta #1Bt PSD B4 35 MG X fc %, it — D] % 358 7 7
TR IS A R os (B 2.13) , EEIT . B R Al X (K EAS Delta S1EL A
AR AE RN XN RITRT, 9T PRNAYT SR S e T R X
HFEER (R 24) o XKW Delta FUBMAT . FH &7 e X, X Eefix X0
R E NIl
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L5570 Bt Delta SB[ PSD 5 B RHIAH K. VAS_A M VAS L8R
RITHT RIS Detla B MIRIT TG PSD BI2BGFAER (K 2.14) , X
YLH Delta SER P REARER VAS S RAE VPG H-NG X 5 5 a7 R AN
e br. HH VAS_A. VAS L 5 Deta SEBFIAHCME R E5 1 8-0.49 Fi-
0.37, X 3 BH A OAR I IS R AN AN 52 T B 5 ) G S iR R )RR N, TR 2 I
BHMIEL GG E . BRI, Delta S M INEH 5 2N/ B & M
ZRINEBNARDS, X LA AT S B T H R R 22 TR U R,
ARG ARSI () FOIRESO162, VAS A BIFARSCR I, 155 25 AR L (1 3
TR R 5 K o 7E 0 A S R R O R SR B R O X2
SCFET AR RGEH IR AN A A P i AR, R AR 4 I R AN
WEZ =4 b

A, FATEMER)EITRTI G VAS_A PFr SHARYT AT G Delta SE: FIAH- |
B b e g (X PSD 4947 35 SR O . 28 I R X Al X B 5k 2 ATk
BEZPW, JUHERABEMNALETRES . Hd VAS_A 1 Delta 5B /2
Wit PSD AR L B A O M i 58 (corr=-0.48, P=0.0045) , F & A4 Wit
(corr=-0.45, P=0.0074) . XUBLFIREH], ot A s 78 50 i) 1 45 N 30
BEEIP AT RE B T AR OAE R, SRR A, B AT RE S N D\ N A FE R S
SR RIS, HE—35 KL, JRITETIE VAS_L X 5RIT RIS Delta 43
B PSD A AHSME (corr=-0.38, P=0.0258) , 5 Delta H'EMiX (F2.
T1. T2. C1) PSD JToAHKE(P>0.05). X AT 7 B 78 H-0g i B e oy, /e 3
I DX 3L AL B 7S 5 R iR B A e L b S T ORI AL, HLIX R S At
NG [X. BROAH LB N R 2

ARIGURE 5 ¥ TS FBEFN QRN 2 AR IAE DL R LA RS A B0k, BN — D%
FULEIERTTT, WHISs RAETE T 2 A BB s v, Hk, whsih
X AE R BT 1 g, IR TR I ik, BOR 1A
RSN S5, BEAT AR IR RN R = KK S
B, ILT TMNMMT 1ERT7 50 18R B AR AL o SR % HE B A S5 )
ZRE AR, H AT R BEE OO 55 1 2 W B A EOE DR ot
TRTT IR b a] BEIEAFLE MU AE FH AL, A7) 75 S 5E DR A R ST B R 40 Sf ik
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— BRI

2.7 KRB

BRI, AN AR T AU R R T VR I E 28T A AL
Ve R ia T RE R BRI, 2R E 1) VAS L fl VAS A BRIAIT TG 1535
PIEA W7 7(P<0.001). fERHESZEH, 4 TMNMMT 697 513 RIE[E
N 182.1£210.4 FF, 64.7%M1EE RI M 60s. 43 HI7E BT IT A1 AT #4717 i
BB R . WAt B R, TMNMMT E3RT 7 i B AV 58 T Delta 4 Bt
3E2h, [FIRURTS T Alpha SRBL IR 0IG2h . SARE A S J /e Aok
[X Delta #TBLRIFLIT ) Alpha ATUEBL Th2e 16 25 B AR A0 i 2, 1X R IH £ 35 AT et HEnG
VB TERH AR =L T 50 LRG0T EWER . AT A Hs R A5 PSD
AT, VAS #3R1E Delta S Z M SCERMEBON' R %, JUH VAS_A 1E75 5
I 22 B [X 2 ) S 26 REOEH] 7-0.45 LA b o IX 8R4k v g 4 45 ] 48
VSO AR BRSO I B RHE S BRI TR

g8 bRTIR, AR g gE R A IR LI AN R A R )
NG 58 5 B R T AL, IR YT I R L P SR A T AT EE AR, v E
FARME T TR R RO IR TR R, O AR AT A IR B TR
T S5 R -
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£3F ZRAFBREFEZNZITA

82 B, BATELHW R E 2RI, RENIRN TR
XA TRV R AR EE S f 3 IR YT RCR, WEFUSE RO e Sese i AL A a7 77 R et
ROt T AR R, FERIIESE T R R R IR T A A A ] SE

L 2 O M FUNERATAE I, A B AR H PR L i B2 AN 5
EAAAEZES, T EHARA TR T B0 ) R R B A A o IR REE T, AR
AR R N FERA, af DG O 2 R ESRG, GIUniEng s i e
M. RHUE. SAEA %, CAPIRM, SOREEAT BN ERILEC AT
AL, By s UL AR TN oo B R IR B AT B ROR, HILACAH (1 B s fig
B3R (THD vFoE@itFRILEA . HAT, 7fEHSEREILEGE TS, 8
FHEEE 78 M s Bl A M 75 5 MO 0 = R g P AR T 9 7= 5 EAT DL S . 2R
EA IR, T ARAT IR FE 2 1 L A A8 i 1) B 7 AR B AR D DL i 7 R kAT
97 KRR THMENREE R A2 NE SR, I H&ERAEZHERR A
Jit AR e 58 5 2R A= A B K RS 3R 77 7, ANUACRT LA S HE S DL 7 R
ZRENE, DX T A% GEULIC 75 U5 AE AR B A B XM BRI 100, 34 B S DIORG T PR X R
BEATAT X EIRT .

3.1 RN E IS E K [RIE

EZU SR 3R 878 DRty il RSRIEP NG R il S I VD A Ve e B U
Fe A PRI AL R, SRR AN [R] i B J S RS HES AL G . AR lid 45 548
WO TR AN EAC VDI 35 SR 6 T SRR, 2R A T R AN AR AL 0 22 A5 S R
5L AR 20T, BT EME M S LR HN R & R
Gi. WA, N T HERAEILEE HG AL, [ B Se AT B UL A YR A L R
T, )P R e R A TR e Rt RS A A S 0 B S A . Bl A A 1 AR
a5 BE BB WESERIESEL AR T E S LR . e A
ARINRTT FE AT &, AR A AR B . R 2 A UG e 2 505 1
HHRESSIRETN . EDBEE. 2B, ZREES SN
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T P AR A ROR T B DB SE A ) H-n UL i A YA BRI T T RCR -

3.1.1 LPC Z&:Fm:m

DA F S0 7E 047 B0 DT O 86 SR I Al A% i M s Bl ) gt 7 56 2 3 NS A
MESHHATICR CEIEAR. WS, HTULR SIS B H g BN 7 2
S 5 BOA [R] £ 35 0T [5] — P H M UG P 5 ) 25 SR AN AR ] . T H AR E S AR R S
HMg 7S & FAEH T S8 PR, BT RABE T B SRS AR s R g
VLRGSR, 7T DACSE B UURAC 7S YR AN 2 BRCR Z PR BARE Y YR 2
FEVEAE T H B 2 A RIESUR A i, AR i RSN = A A 5] & i) B
NS E T 75 o WERREREX AR B AG 75 (1 JL AR U AR (1 A ORI X [A]2 i SRk Af & it
FERAEEMS . AR 7R &M TS (Linear Predictive Coding,
LPC) AR, ad AT 24, A= &R/ ML, WIS 59 i &
TR IERFE .

LPC (ZeMEFMZnA%) HA% O AR Rl i — AR AR TS 5, A
AR REANME S REA W] DL I FE R0 LSRR A (R DRI S T o 308 3 28 M TR0 44
(LPC) Tl & 415 5 Hh 3R I& F (Formants) BI/ANECRUAR, HoAZ O R B3
T LPC X 75 T8 % 38 bR 25 R AR RE ) o RIS 75 T T ARAE SR 75 T 2 v 7 A [ A
WREEAETIX, RIS 1R, i LPC R ER] B S il 75 T 8
FROOHREME . DUR R VRGN SR ER S A 0%

(1) FiEEALE LPC

FEF S SRR, PRy — AN R, FA% 33 R HmT DA ALy 4
RE A

H(z)=—"— (3-1)

1- Zakz’k

k=1
Hrp: GAMEERET, a NLPC RZEL, p NLPCHIEL, XIS E ISR
RAE, BT R — AN R
LPC Ze M iy B b @i 7ol a, , 15 000 5% 22 135 7 (B B /M

BARKUL, 458 —ANEES x(n), LPC BALKE M M1 E x(n) K@ 7T p A
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FEAS BRI A T -

x(n)= —Zp:akx(n—k)+e(n) (3-2)

Horr: x(n) HHTFEA ((FBSHAFED. a /& LPC REWRIRENETIK

A2 pATNBIB L GRAREIET p MEASKTI ZBIAEAD . e(n) TR TR

Ze (BRZE), RN ARTREA S e 45 28 Fl ()48 2 [a) 1R 22 5
Hr, /MU E o R R R i e A ol 22 i A2 (X03-3)

E=Yé(n)= Z{x(n) - Zp:akx(n —k)} (3-3)
(2) LPC &M
TEARSCH, FLARERNUER LPC Y4 p e i), THE LPC REUEH 1 H
PR W . B— R /N g BT AM Rk LPC 24 HAH
KRB T RIRME 5 5 H B B AEA R S A S . @i vk B Tt i 22 1)
w/ME, AT PSREURAL ) LPC &%, %% —Fl/& Levinson-Durbin & i%: 1X & —Ff
AR, HTARMME LPC 2%, #4 7 Bt E KBRS RE.
i3 U b e 2R 1 5 R AR D HE S Y LPC R B
(3) FLPRUEIFEEL
LPC %% a,,a,,a;,a,....a, 7T U RAYIE — LT 2 50 (3-4): T
w22 e(n) WAL A I 1% 2 TR R AR B, O e B 5 R 4615 5 R AR
2 H Ab.
Az)=1-az" -a,z? —.....—a 7 (3-4)
Hr A(z) 2 LPC 2T, 27V R ESHNRERE F. @il 2,
A DAOHE 5 BARS 3EAT 2B, IORAS 5 iR .
WK A(z) =0 B (Bl 0D, ] DAAS 30 75 T8 I8 e 2 i IR 1 (X 3-5)
FoAp AN AT 2, 0 R — AN AE B SRR I

z,=re’",i=12,.... , P (3-5)
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B 2BEENBEEE

SRS, T PDEHE ST s(n) 1T LRIV 2 IR IE F I

W& RE S PR A B I AR, SRR F 2 S AUE S T e S A X,

HO BT R E ISR AR o RS ILIRIE F KSR AT LRl N (8] Zh A AR A, Sk
%

TEE S N AR . 8RS 7RI RE R B AL, B S
PGS B S AN 1T A AR G o TR R A iR 1 IR MR B I T (122 4k
W5 EH N AR A5G . A AE A A o, Hi, kSRRt
PRGNS ne(n) R Ve KA FERIGE R i ey 1

s(n) :ZK:rk(n) (3-6)

XA EAUE T AR SRS B I ) L R IR K () BT RARE— 2200

i P A AR R 2, BARSRIR IR
#(n) = a(n) cos(e, + jo" q(k)dk +0) (3-7)

o, o 25 n DN ILIRER BN, X EF IS T 1 IR IESTZ AT U,
Ris g(n) X RENE S, a(n) NELREENE S Hrdoe TR SRR RIA
RATURAN: w(n) = o, +q(n)

X 1 JEE R s M A 1 o) B SR AR A5 5, AT DL o SRR R R R e Rt
HAZ A5 5 B R BN R E . BT ARSI h M EAUE 5 N EE S, o
DA T B 5 5 HR AR RIA XY r(n) , Teager BEEH 7 & 1T

¥, [r(m)]=r*(n)—r(n=r(n+1) (3-8)

XF T B E R NE ARG 5, THEEBRIN IR B a(n) AIBEN AR o(n) #7715 KH
HE MR Z 01t 5G5S r(n) BUREEE, o IR ) s 2 AR st B3 () B A =X
e

~ 2YW  [r(n)]
JPr(n+1)—r(n-1)]

a(n) (3-9)
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o(n) ~ arcsin ( J Flr(n+)=r(n=1)] J (3-10)
49 (n)]

DL B 805 M5 5 b BRI R, B 2 e & 70 & 5% (Discrete Energy
Separation Algorithm, DESA)FZEARI . fEASCH AR 255 W\ EZE 2R
B U310 .

{ y(m)=r(n)—r(n-1) (3-11)

y(n+1)=r(n+1)—r(n)

F p(n+1) = 2(n) I ‘Pd[”(”’]; YalzO0] pes o) 0 SR RE BT,
459 BRI (B I ST A U P M2 32 2
WEAZO)
|atm]~ 1-G*2(n)
f(n)=~ MLTarccos[G(n)] (3-12)

Y ]+, [y +1)]

CO T )

33 HIBESEARAS

XF BN JRAG S SRBEAT Re R B e, 49 3 1 I I 0 A R B P i ) Rk 3
SR 5 AT HE G () O R o AR AT 78 A8 R R B 00 B RVEAS B 1) 4
)P R S R A R AT A RCEE RS AR o AR B SIS o H [ R S R A
LA ARG BARE NS 0 IR . TR AE 52 b SEEG T 78 A FH Sk 6 il HE
VLHC A JE ) H AR (S 5 Ay (n), W ReE S SEE DS y(n) B a(n) M o(n)
J& o FRIERE T LB AR U S R AT R AR R Y B Rk S R TR
w.n+ j:q(k)dk) (3-13)

—

y(n) = a(n)cos(p(n)) = a(n) cos

a)(n)zwza)c+q(n) (3-14)

n
dn

LLERIEA T, o AFNELE BRFNEIE S FIIRIETR ;o) 18R

b AR S A5 5 ORI 05 q(n) 1R 9 S B SR BRS04 5 (0 4503 1 A
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W TR R da H AR SIS 5 M IIRIEDN SO, 10 L RE & 7 88 SR B X Y
re ALRIER GG S, B A8 R0 B FAN R G B 2R & P47 70 8 H 1
W I i P2 AN 3 22 R 5 SRR B AP AR BORIR 22 . T AR RE B0 B 2T
FAEH LPC LVETMIILIRIE B, SR 5 iy I e At Jl s AR 5 S
THATIER, R ARSE, SEAPBE S — NI IRIE,  faxt BEASBL R
S S HAT AT AL B

ot B AR BN S SRR IE N R, AT SRR BSE, TINE A
B P55 oo AN IRIRIE SN R FLIR, R 8 B s 4 23 il ) 73 3R g A7
FER) n DNBL. TR IRBLINAG 5 0 AT 0 8. e i@ A NS Bl & M &
JRHG 7S UL RS AR y(n)

FEARSCHIER LPC ZeMETI H B SR B0 2 A0 ) = AN LR, FRiseit i 2%
W B AO R () = AN LRI B IR I H oK o AR ARG B A8 1 2 8
S EHE &N EIE PRI A E A A . X7 @ s A 1) FE E T Re R R
UEAE 5 R IR X = AR I 4y, TRV 3 A CRE I 28 1 7 B e g v, DAR
D> B AR EG B S AR A I S AR TG R RE R A R . AR kR oy BB
H AL RS, I T XSS R A AW ULEE A IR 1A 50 y(n) » AT RAEEIE—
IR A

y(n) =r(n)+r,(n)+rn) (3-15)
() = a,(n) cos (p,(n)) )
ry(n) = a,(n) cos (¢,(n)) ) (3-16)
r,(n) = ay(n)cos((¢y(n)) )

Hrh, n(n) RN BAHEERUE S x(n) B8 — A FLIRIE S B B T
BCFE sy (n) ot N B A BN 5405 5 x(n) W5 AN LRI S Rl i B PL AL
P r(n) BN HIRE S H G 5 x(n) 1958 AN PR G A B r) B3 UL RS 75
W a(n) ay(n)~ a,(n) 530327 H AR H 5 40E 5 (AN [R] LR 06 A5 B 1) B )
W o - o, o, FosHRHEGEHES A RSBHIIRIESR.

a ]
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Hb o) o,(n)~ o) FITHHRERMT:

@ (m) =, n+ | q,(k)dk
() =@, n+ | q,(k)dk (3-17)

o,(n) =@ n+| q;(k)dk
Forpm e 70 &5 ) B AR B 5 AR RIS (B N AR o (n) « @, (n) ~ @y(n)

Hid )
RN FARB IR HIE T g,(n) « g,(n) g, (n) BIFRIE AT Fros:

d
ql(n) = a)l(n)_a)q - y_ G
n
0 (n) = 0y (n) -, =22 _ (3-18)
2 dn 2
@) =0, -0, =@_%
n

SFRC SR, AAFME S ESERAGHE 3.1 B iR
KFBTR . AEZRGH x(n) Kox BE I UGG BT 5 2R B B AR F G 500, i
3 85t (%) Hh % B A 2R (Instantaneous Frequency, IF) [ i % (Instantaneous
Amplitude, TA) & i 2 KT HGVLEC YR y(n) o 1% 5 G0E I 70 B AL PEAN T S
R, SEEL T E AR E Y S [ ks RS B R

— brn AM-FM
™ FSE ™ IF.IA
rlin)
X(n) v a1 b e e 1 , AM-FM
—» iEEN > AT DSEA »  IF. 1A >
12{n} t
(n)
P : . AM-FM
e Rt S I, 1A

K 3.1 BRI EE AL
3.1.4 HISE MRS

FERM PRI RE T, R EE R YT R AR, W B0 ST
Fe S A B I H LR HNG 7S o DO MIRAR 2 A — AU, AN T A8 X i B A0
BURE B AR (R, X FE 0 DTG 7 95 i P AN 5 AT SRR R e AL
BEIIE T AE L L R AR BB AR/ S L O ] AT R 1 R B S
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W) 2. BART S, &R R S5, v DR IS SA B 1)
B AR HNY A LR A YRS, IR AR @I LR AR IR ki ks ksl
B AT L[] B 38 R Bl /N AT DAOREEANAR AT 2R 77 AR 1 A s B 1 75 G i 75 9
TEAS R AR O N M B o 2 k> 1B, A s UG TEE 75 A AR T iR 4 2 A ) s 32 2
PEREIN; 2 0<k <1, A R UG EC S AR T 506G 5 20 10 s 2 28 1/, 3BT
53R A I Y6 97 A O T G 75 PR ) BEAN AL 22 A 1 e
y(n)=ky,(n)+k,y,(n)+k,y,(n) (3-19)
B RULEC A TF 1250 2l WA B I RIE F (B o, -
@, ~ ) KEDERRE W OISR . E AR AR TR A R 3
KNSR F EOHT%, 9T b4 HR R 2R LR . 43,191
T AFDLIRIE F RR WAL G k. AR o, v o, v o, BIHTR,

Il N BANAR S 4R
R 3.1 AU BB AR

B LT
o KE AR Wk Wk W B
v, T owmxam M owmxam M wmk am

Z0 S VNI € %)) A R D A R GEVND

32 T EAFEEENZHFILERER

FEES 2 BEBETT, BATRYE B3 iR L B 1 UM BOH W H I R,
RGO JEH . TN R . MRS . IR SR AR EOREE Y SR E I A AR
NEN G ERFE (BURNRIRR “ B Janrs” ), i 3.1 WA R L & 15
TRIEREOR, SCHN HN AR B B S A e R, 38 I AR U R O
I ZE R E ARG O A VLRSS P8 (LU ek “ B A s ” ) o it L kil
FEBCE B UL AC = 5 A A 2 MGG RCR A EE IR, A B E E 2B S
AT SR R AR HNIRIT A, Oy Tt DR R 4 T B E
2, RITHAETT AR
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3.2.1 EF LPC H£iRIEFN AL R

ARSI rh I — B I W P AR BN UG E AR TS x(n) , SRFESIFEN 44100 Hz.
T EEN SR AR P x(n) O EE AL FE, SR — W e @ D R 1 R AR R oy, A
3-18 NZES RN, Hrbx(n) AEMHERE, o ATUNERE, y(n) AT
INEE 5 RS S X N LS R BN B, (2) =1-az'

y(n) = x(n) —ax(n—1) (3-20)

SR G AT R ME T %S, {EH LPC ZMEmii sk Bm im (=8 3-3) , M
BRI p o FEACHIRBUR I B R R RARAFEEE] p=11 IrE LT
BAGEAE S, RFBI R {a, ), WEEWRAERE (X 3-19) JRiHEE
M R (3 3-200 B fE R LR G AT RS I o R 0 R i N A5t g o R P
H,(f)=20log,, (| H(e™)) » @ 1 & # K E 8 5% e A 36 4k 1%

fi o HL(f)>Hy(f +Af) « o Af IR HER f5/1024 PLiE

H(z):Al - pl (3-21)
(2) I—Zakz_k
H(e™)=—: ! (3-22)
I—Zake’j‘”k

=

AL E A R 23 A SR R Y SR A6 S AE = AN BN 0 A AE D SRR U,
S55 B RGPS SR A BOE T 3 A FIR HOENEBAS, 700 BUURE AR B
P RIFEIRIE . Dy 1R AT RE ORAIE 1 A (e 48, el A B U R A5 K 1
FRIE S, ASSCIR AT IR 11T 98 20 K, DA S (K AR D g e 2 1 31 Uig
Beas i ERER . SRS AIAT FIR 47 8 JEpcas 70 3 B S R IE R B, T I&] 3.2
o B B SR s E A I A, A R R LPC SIS 21 B 287 ) kg
IP A REETRIMEE RACDL, LPC W] LR T 3L IR 0 ) S BOR BRI . i
TS PR O O, B e SR ES R, MNEERSESE, &
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RS JE 4G S AT e e PR, R 3.3 dia)fb) R BRI, (o). (o)
(&) MR I B G s R . MR nT R 2, &0 gk 25805 B4
SRR P AR B 4 B8 T HOR . MBS LA AN SRR, SIS R A
TR AR SR E

05 5t 063 A JES 5 1 #R HLAG 7 O — e Sl
Au 1
40 gt A ‘
- 2y 30 [l 1
= O o - o - £, fJ IL ww\,\rw"u |
Iﬂ\ﬁ ‘l’u\,‘w.\:' L
10 . |
‘J L M”-’%Wﬁw
05 - 0 -
0 2 4 [ 8 10 0 2 4 8 8 10 12
i <10 i (kHz)

(a) (b)

V0 O — 0 g e o %S A R AR

1 T 50
o “© M
Pl
® - W% /M \
= E2 Y |
05 fok [ \A
f \
4 . | | o
0 2 4 [ 8 10 0 2 4 6 8 10 12

<10* H% (kHz)

© )

S s A N A o A B 0 A

0.1
0.0 0
30
of— — — — — — = 1
=20} v T
0.05 f"w"’d ‘
- 10 / {
A
0 ‘ ‘ ‘ i It \
0 2 4 6 8 10
e o

heites

0 2 4 6 8 10 12
Hdit Hi% (kHz)
(e) )
0 JL;IL‘r{rD’; < 41 EY HER i i I . % ?‘4‘“. {’-'llll‘;#iﬂii!&.%ﬁ{IF:II'E"]MJ{'.’
0.05 #0
30
4 E
Fo——h———4— &
= =20t 4
0.05
10 o ! A1
Lot Mo Wf"-n«,/\);%
0.1 L L L 0 : :
0 2 4 8 8 10 0 2 4 6 8 10 12

<10* % (kHz)

© (h)
3.3 S5 ET S 75 R R MR FIR 53

322 B TRENEEENEGR

43



RT3

Xt HENS B A6 A AT RIS e, SRATTEE P S B AT RE R A (PR
3.1.2 1) /R =IRBAER N E S b O EEEC T /T— M RIEdED /bR g
JEEAM R IR A0 o A S0y v SR Y AAD R ) 1T A0 ) J 22 20 ) vt 8 0 B rh LR e £
AT B 3.4 2 H I BE B0 B8 10 70 18t 0 2% AR FA) W I A3 A I I 1 2
BF @)y (b)s (c) o AIER 1A S s S 7 I Sskipe 12 B, 8 PO B A5 DA U
—HIEOREE RN, B 3.4(d) (e)y (DNFIMBIIBERANER, (2)v (h). (HNH
BB H) W IR R 2

JER 3 — 490 0 I S LB O 481 BN AR I LB = EL S SR I

s apl e
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