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Research on an optimized algorithm of tinnitus therapeutic sound
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Abstract: To solve the problem that it is difficult to balance the therapeutic effect and the pleasant degree of audio in the traditional
tinnitus treatment, an innovative audio processing algorithm is proposed, which considers the pleasant degree of audio and the therapeutic
effect of tinnitus. The logarithmic distribution characteristics of cochlear sensing are followed. The original natural sound based on the
digital filter set with fixed upper and lower limit cutoff frequencies is divided and filtered, and the original natural sound along the
frequency logarithmic axis is equalized. The therapeutic sound can achieve energy balance in the full frequency range while taking into
account the therapeutic effect. The results show that the audio after logarithmic energy balance processing not only conforms to the
distribution of pink noise at whole frequency bands, but also significantly improves the energy at the high frequency bands of 4 001 ~
8 000 Hz and 8 001 ~10 000 Hz. The audio energy after processing increased to 15 times and 100 times more than the original audio
energy, respectively. The proposed innovative algorithm not only satisfies the pleasant habit of tinnitus-affected ears to audio sensibility,
but also provides a treatment scheme for the international problem that high-frequency tinnitus has no effective therapy.
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Fig.2 Diagram of the composition of experimental equipment
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Fig.3 Logarithmic spectrogram of tinnitus therapy sound
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Table 1 Energy comparison relationship table before and after logarithmic energy equilibrium

i %/ He 125~250 251~500 501~1 000 1 001 ~2 000 2 001 ~4 000 4 001~8 000 8 001~10 000
T 298 472 206 108 49 4 0.4
Yt fe 365 259 179 106 77 60 48.0




176 f# £ ¥

a4t

& 4 5% b T 3 T AL G 1 U1 7 vk e 1R OXT B Ay
AEFRJE VI A A R . B4 By (a) FI(d) L (b) F
(e) (o) FI(CE) 48 T BEAE AR FARAR | b 450 A =5 A
Hm ) 3 AR 758 .2 000 .6 063 Hz AT G
BB IE A E . Hod B 4(a) ~ (o) WEETEGE
I3y g i 385 0 S U5 1 4.(d) ~ (£) Dy e R4
BOEAT RE LI A IS A5 S o XoF B AH ) A3 B A X B3
AR A 25 ST LA A VR X SO R AT RE Y
i 5 YRR B S P T A X i A B0 30 AR, S S
T ER R B e i VDB, T ELAE V1 B AT TR 2
BB BB S, PRIE T 00 0 1 280 SR A S, S N
SR Es . B, ERF A N ERBCET B 2 B AT AR T, B

90
80

X TG 5 B RE I 8 T i M5 5 A RE =, g o
IR N T O RERgy @  NE E S T
((E4Ce) ~ (£)); JuH 2R b Hh 35 M5 T &5 49 A6 =
(L 4(E) ), DI A i 450 B0 (0 78 S0R 97 3 8 TR Y7
%o R2~4 XA T O M #5351 2 758 .2 000 Fi
6 063 Hz , X Ji b5 & A3 FN 0T £ i 340 47 Ak 3 Fs 1Y) 5 A0 gk
ULy r kit s, S 4 S50 UIE B, FP
it J 7 M 20 0k X ER R 4 A T A RS A R AR T
BB LI R A A, B SRR 5 A 4 000 ~ 8 000 Hz BE
A4 W BE B AT TSR 43 4 FE, 4 001 ~ 8 000 Hz Fil
8 001 ~10 000 Hz 4 Bt N 75 5k 2% RE 2 40 0l 34 B i 15
£5F 100 5, PRAE T /5 450 50 (IR 97 R0

- -

0
125 250 500 1000 2000 4
P /Hz
(a) AT i B 38798 0 V) Ab
CRLEIR: 758 Hz) |

(a) Notched method without etlergy
equalization processing :
(Central frequency:758 Hzp
1

250 500 1000 2000 4
PR /Mz
(d) BB X4 i )52 ab B
(L3H%E: 758 Hz)

(d) Notched therapy after energy
equalization processing
(Central frequency:758 Hz)

195230300 1000 2 000 4
P /Hz
(b) AT A 66 AL B
CbggiZ: 2000 Hzj

(b) Notched method without dnergy
equalization processing:
(Central frequency:2 000 l}lz)

1

250 500 1000 2000 4
S /Hz N—
(e) AER GBI )32k AbBE
(L #E: 2 000 Hz)
(e) Notched therapy after energy
equalization processing
(Central frequency:2 000 Hz)

= $i#/Hz

I%S 250 500 1000 2000 4
PF/Hz
(c) RIHEAT e B 4485 ) U i 30
R 3fisE: 6063 Hz)
(c) Notched method without énergy
equalization processing:
(Central frequency:6 063 l}z)

AR 45 5 & I

(OF:3-epin:SpoibuY (3:il
(HULBRFE: 6063 Hz)
(f) Notched therapy after energy
equalization processing
(Central frequency:6 063 Hz)

P4 e RO R AT AT i X 7 Ak BT I B9 D030 7k A AR

Fig. 4  Spectrum of notched therapy before and after spectral energy equalization treatment according to the logarithmic axis

x2 MHEREEHEWEVLEFENEHEEENEE (H08E 758 Hz)
Table 2 Average energy comparison before and after logarithmic energy equilibrium based on the notched music

method ( central frequency: 758 Hz)

$ii %/ Ha 125~250 251~500 501 ~1 000 1 001~2 000 2 001 ~4 000 4001~8 000 8 001~10 000
G 78 160 76 38 13 1 0.1

Y1 J A 96 87 62 38 20 15 12.0
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R3 MEEEEHEREVLEA AN EHEEEXTLE (P08 2 000 Hz)
Table 3 Average energy comparison before and after logarithmic energy equilibrium based on the notched music

method ( central frequency: 2 000 Hz)

Wi %/ Hz 125~250 251~500 501~1 000 1 001 ~2 000 2 001 ~4 000 4001~8000 8 001~10 000
SRR A 291 438 154 76 36 3 0.4
Y165 J A 358 241 135 76 54 47 46.0

®4 NEEEEHERIEVNE S ERFHEEEXTLL (PORZE 6 063 Hz)
Table 4 Average energy comparison before and after logarithmic energy equilibrium based on the notched music

method ( central frequency: 6 063 Hz)

B4/ H 125~250 251~500 501~1 000 1 001 ~2 000 2 001 ~4 000 4001~8000 8 001~10 000
SRR A 297 468 199 93 32 3.2 0.2
Y16 J A 365 257 173 93 48 52 28.0
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Fig.5 Spectrum of masking therapy before and after spectral energy equalization treatment according to the logarithmic axis
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RS NHEEEHERIEERT XM FHEEEXLL (PORZE 758 Hz)

Table 5 Average energy comparison before and after logarithmic energy equilibrium based on the masking method

( central frequency: 758 Hz)

JFi %/ He 125~250 251~500 501~1 000 1 001 ~2 000 2 001 ~4 000 4001~8000 8 001~10 000
SRR S A 109 203 178 47 18 1 0.1
Y15 JE AR 134 112 154 47 29 22 17.0

* 6 XHEEEHEIERERK T ENTHEEEXT L (POZE 2 000 Hz)
Table 6 Energy comparison relationship table before and after logarithmic energy equilibrium based on the
masking method ( central frequency: 2 000 Hz)

BB/ Ha 125~250 251~500 501~1 000 1 001 ~2 000 2 001 ~4 000 4001~8000 8 001~10 000
JEUR AR 293 448 170 114 70 3 0.4
Y465 J A 361 246 149 146 95 51 46.0

x7 MHEEEHERERE T EN THEEEXTLE (RO 6 063 Hz)
Table 7 Energy comparison relationship table before and after logarithmic energy equilibrium based on the
masking method ( central frequency: 6 063 Hz)

Wi %/ He 125~250 251~500 501~1 000 1 001 ~2 000 2 001 ~4 000 4001~8000 8 001~10 000
JE UG A5 297 469 201 98 38 6 0.3
Y )5 B AR 365 258 175 97 59 114 38.0
% 90 1 1
80
o 0 || ||
60 || .
o) m 60 ; ‘
=50 s, i
g1 =0
+I6 mgo gm
e i 30
20 20
10 10
9 0
125 250 500 1000 20004 00Q 8 000 0 125 250 500 1000 2 000 4009 8000
125 250 500 1000 2000 ¢ 00d 8000
BiFE/Hz | ? S /Hz II q PZ/Hz ?
90 | | 90 | | 00
|| ||
I I 60 I I
B S50 || E%; iyl
i
g 31340 | | 5 40
R 30 I 1 30
|
250 500 1000 2000 4009 8000 0 -
P /Hz 125250500 Iﬁ?%)/l_zlzooo IIOO(I 8000 250 500 1000 2000 K 006 8000
90" | | wEbz ||
| | |
| | " I
z Iy | g I
B =50 i 50
g EIE“O I $940
& 130 I 30
I
I

250 500 1000 2000 4000 8 000
BiF/Hz

(a) REELIGH T &

(a) Audio before equalization

500 1000 2 000 4-00d 8 000
BiF/Hz

(b) X+ 548

(b) Logarithmic equalization

0
125 250

500 1000 2000 4-06d 8 000
% /Hz

(OF4:2-00

(¢) Linear equalization

0
125 250

Bl6 X ERE R -5 J5UA T SRSk g B 2 o X Lo

Fig. 6 Comparison of logarithmic energy balance and linear energy balance



53 =1

B A — PR A A i S 179

JEL U5 B A AL BB 2 B DAy S T F B A5 I AR Ak
O 3B O TR S R A B, AT LA
TG R WU A S U Ak | O R O B
HEAT B8 BT 10 7 ik LU AR i TR A Pk il AT BE R 2
AR R N RO BLH AR, BLAT 2R T Ky
i Rk PR B TR TR 28 Ak BB DA L, 1 e e
e DX S BT R B B A AN DR IR T e - NS Ak
BG T RCR A 6 I SRR T AR S TR R T
4 200 Hz &b MM ; 53 41, 483 X RO 65 15 /& 4 (
)51 AH B T Ik & 0 (2281 R 29 45 07 1 (A
G, B T BB LD MRS AR IR TR T BOR Y

BISEERTI

) TIo1-A

€ MEiE

Of

) 4

Nl
(b) FFHLI T2

(b) Boot interface 2

(a) FFHLFTE |

(a) Boot interface 1

[ BN 35 e TR YT E A R B L A AT O 2E I
it 5 RE e X A7 1% Dol B R B G R 4 B e 38 A 1Y
(URER 35 8
2.3 HEEAIHER

A R RAZY I DN [ R RSN /W VA - B N
B RSB W B 75 R A RS J G OF K 1 < QEHS-
TIO1 B B IRY 7 A0 7= v 1 % i H i 2 29k
R R BT R HIE S A A P R R, |7
RZBE A MA LD RE R R B 7 (a) ~ (b))
FEHLAIH ; B 7 (c) iR & THRE S ; B 7 (d) MiRyrs
FL T

(c) ThBEFTE

(c¢) Functional interface

(d) T BT

(d) Treatment mode interface

7 B MRIE RS

Fig. 7 Instrument and algorithm

5 A

AL G H S IR T RACR 5 I6RTT 7A  HAR EE HE LL S

JESE e s DR 170 R, A BIF 5 1 O 4 b 17— e et 4 158 -
JEE DL B A ROCR (9 B8 & A BRI A B
BT AR ARSI T B 7 AN EACR M H R T
A 8 75 X Ve A 1 I A ) B A R 89, e 3 %o Sl ) e
ST IR ST AR A A L S A, R R T
RRATI Y 5 0 43 SORMEE T i B e £ A R B 43, TR AR
SEPL TN U HS YA ROR T P IZEIE A T E R
A HL0G G U A PEACRS HE R S0 T T — IR R X 2R
Iy s
S5 3k
[ 1] Z=9, Futm. Hma2ybmmi e (S 2w (M]. dt

AU NRDA: A, 201715,

LI M, WANG H T. Advance in diagnosis and treatment

of tinnitus 2nd edition [ M ]. Beijing: The Peoples

Medical Publishing House, 2017:15.

[2] EJtH. HR2Ka T it ].
2005(2) :114-116.

WANG H T. Advance in diagnosis and treatment of
tinnitus [ J ].
2005(2) :114-116.

[3] %5k, EENS, 23, & HWlEARN Hism)]. %
1% RO PR 2R, 2015, 23(2) :116-139.
HE L, WANG G P, PENG ZH, et al. Clinical practice

The Journal of Practical Medicine,

guideline ; Tinnitus[ J]. Journal of Audiology and Speech
Pathology,2015,23(2) : 116-139.

[ 4] TUNKELD E, BAUER C A, SUN G H, et al. Clinical
practice guideline; Tinnitus [ J]. Otolaryngology-Head
and Neck Surgery, 2014, 151(2) : S1-S40.

[5] HOBSON J, CHISHOLM E, EL REFAIE A. Sound
therapy ( masking) in the management of tinnitus in
adults[ J]. Cochrane Database of Systematic Reviews,
2012 (11) :1465-1858.

[ 6] HENRY J A, SCHECHTER M A, ZAUGG T L, et al.

Clinical trial to compare tinnitus masking and tinnitus



180 & L R ¥ W a4k
retraining therapy [ J ]. Acta Oto-Laryngologica, 2006, 107(3) :1207-1210.
126( sup556) ; 64-69. [16] STRACKE H, OKAMOTO H, PANTEV C. Customized

[ 7] HENRY J A, SCHECHTER M A, NAGLER S M, et al. notched music training reduces tinnitus loudness [ J ].
Comparison of tinnitus masking and tinnitus retraining Communicative & Integrative Biology, 2010, 3 (3):
therapy [ J ]. Journal of the American Academy of 274-277.

Audiology, 2002, 13(10) ; 559-581. [17] TEISMANN H, OKAMOTO H, PANTEV C. Short and

[ 8] STEIN A, WUNDERLICH R, LAU P, et al. Clinical intense tailor-made notched music training against
trial on tonal tinnitus with tailor-made notched music tinnitus: the tinnitus frequency matters[ J]. Plos One,
training[ J]. BMC Neurology, 2016, 16(1); 1-17. 2011, 6(9) ;e24685.

[9] WUNDERLICH R, LAU P, STEIN A, et al. Impact of  [18] ALWINA S, ALVA E, PIA L, et al. Enhancing
spectral notch width on neurophysiological plasticity and inhibition-induced plasticity in tinnitus-spectral energy
clinical effectiveness of the tailor-made notched music contrasts in tailor-made notched music matter[ J]. Plos
training[ J]. PLoS One, 2015, 10(9) ; e0138595. One, 2015, 10(5) :e0126494.

[10] OKAMOTO H, STRACKE H, STOLL W, et al. [19] ZHOUJ, LIU D, LI X, et al. Pink noise; Effect on
Listening to tailor-made notched music reduces tinnitus complexity synchronization of brain activity and sleep
loudness and tinnitus-related auditory cortex activity[ J]. consolidation[ J]. Journal of Theoretical Biology, 2012,
Proceedings of the National Academy of Sciences, 2010, 30668-72.

107(3) ; 1207-1210. [20] SUZUKI S, KAWADA T, OGAWA M, et al. Sleep

[11] JBEME, 7hah, Thseam, 5. HHEHoR > G yr 78 deepening effect of steady pink noise [ J]. Journal of
RSy T R ECR A (], P EOIEE Sound and Vibration, 1991, 151(3) :407-413.
ER2ZE, 2020, 18(5) :351-353,357. [21] GONG Q, YANG H H, LIAN H J, et al. A sound
QU Y Y, SUN Q, SHEN X Q, et al. Effect of tinnitus generation method for tinnitus treatment based on natural
masking and habit therapy in the treatment of idiopathic sound masking; Z1.202110525632. X[ P]. 2021-08-20.
tinnitus[ J ]. Chinese Scientific Journal of Hearing and [22] EEE JuBE. —F T H0 357 A U050 & Sk A T
Speech Rehabilitation,2020,18(5) :351-353,357. . Z1.202110596826. 9[ P . 2021-09-10.

[12]  S%/NF5, WIELE, SGaker, 5. T F 0 B 40 22 3 IR GONG Q, FAN Y B. A notched music generation method
JPIR[)]. hEEERREZRE, 2019, 17(2) :267-271. for tinnitus treatment; Z1.202110596826.9 [ P ].
ZONG X F, HU G H, ZENG J H, et al. Heidelberg 2021-09-10.
tinnitus neuromusic therapy [ J]. Journal of Otology, [23] BEE,THSFH. — R 5L T U0l 5 8 A0 4 A 1Y) B VR T
2019,17(2) :267-271. AR LTI : 202111546126. 5[ P, 2022-04-08.

[13] LOPEZ-GONZALEZ M A, LOPEZ-FERNANDEZ R. GONG Q, DING D X. A sound generation method for
Sequential sound therapy in tinnitus [ J ]. The tinnitus  treatment based on mnotched and audio
International Tinnitus Journal, 2004, 10(2) :150- 155. equalization; 202111546126. 5[ P]. 2022-04-08.

[14] VONWEDEL H, VONWEDEL U, STREPPEL M, et al. [24] ‘B2, THA —F2HEXEMEETF S AENRS:
Effectiveness of partial and  complete tinnitus 202111546196. 0[ P]. 2022-04-12.
masking[ J]. HNO, 1997, 45(9) :690-694. GONG Q, DING D X. A multimodal tinnitus treatment

[15] OKAMOTO H, STRACKE H, STOLL W, et al. sound generation system; 202111546196.0 [ P ].
Listening to tailor-made notched music reduces tinnitus 2022-04-12.
loudness and tinnitus-related auditory cortex activity[ J]. [25] E5,THM. —F TR & n) B i5 7

Proceedings of the National Academy of Sciences, 2010,

AR TR . 202111546100. 0[ P]. 2022-04-05.



53 =1

B A — PR A A i S 181

GONG Q, DING D X. A sound generation method for

tinnitus  treatment based on masking and audio

equalization; 202111546100.0[ P]. 2022-04-05.
E&EE T

BEGEGER) , 1991 EFHEEREIK
TR A2E A0, 1994 4F T AU BT MiZs A R K2
PAR 2407, 2001 4ETIEHRR 2R+
24, 2002 ~2005 4E7E 32 FE G A6 R AT 5 ]
A2 T 12009 . BUOIEfRR 2
P TRER A A I R TE B B BME s 345, F%
FSE 5 1) SR W 5 22 G (ARG 5 42 R TR IS

E-mail: gongqin@ mail. tsinghua. edu. cn

Gong Qin ( Corresponding author) received her B. Sc. degree
from Tsinghua University in 1991, M. Sc. degree from Beijing
University of Aeronautics and Astronautics in 1994, and
Ph. D. degree from Tsinghua University in 2001. From 2002 ~
2005, she was a visiting associate professor at Northwestern

University in the United States and focused on audiology

research. She is currently a Ph. D. advisor in the Dept. of
Biomedical Engineering and the director of the BME Center of
WuXi Research Institute of Applied Technologies, Tsinghua
University. Her main research interests include auditory system,
focusing on the detection and rehabilitation of auditory system and
auditory cognitive engineering.

FH,2019 AFFARIEH TR ARG+
207, 2022 AR AU Tl K24 3R AR A -2
3, B T B AN A R FR A Rl A T
R, 32 5T 5 1) g H 0 A P 5
Ebags

E-mail ; 871931635@ qq. com

-
-~

-~

)

Wang He received his B.Sc. degree from East China
University of Technology in 2019, and received his M. Sc. degree
from Beijing University of Technology in 2022. He is currently a
R&D engineer at WuXi QingEr HuaSheng Technology Co. , Lid.

His research interests include the detection and acoustic therapy

of tinnitus.



