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Application of neural firing rate auditory spectrum enhancement features
in GIS mechanical fault diagnosis

Sheng Guobiao, Wang Haoming, Hui Shixian, Du Jianhua, Chen Hao, Si Chengzhi

(Wenshan Power Supply Bureau of Yunnan Power Grid Co. , Lid. , Wenshan 663000, Yunnan, China)

Abstract: To improve the identification accuracy and intelligent monitoring level of mechanical faults in gas insulated switchgear ( GIS) ,
this paper proposes a GIS mechanical fault diagnosis method based on enhanced features of neural firing rate auditory spectrogram and
convolutional neural network. Firstly, an auditory computational model consisting of the middle ear, cochlea, inner ear synapse, cochlear
nucleus, and inferior colliculus is constructed, which is suitable for GIS acoustic signals. This model is used to preprocess acoustic signals
from four states of GIS: normal, looseness of foundation bolts, looseness of shielding case, and poor contact of contacts, so as to obtain the
auditory spectrogram. Secondly, seven feature parameters including skewness, kurtosis, and energy entropy are extracted from the enhanced
auditory spectrogram, and then the feature map of the neural firing rate auditory spectrogram is computed. Finally, a visual geometry group
16-layer (VGG16) convolutional neural network is employed to classify and identify different GIS states. Experimental results show that the
proposed method can effectively extract feature parameters of different GIS states and achieve reliable identification of typical states, with an
identification accuracy of 94. 96% , which is significantly higher than conventional methods.

Keywords: gas insulated switchgear; mechanical fault diagnosis; auditory spectrogram feature enhancement; neural firing rate of the
auditory nerve; convolutional neural network; feature extraction
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Fig. 1  GIS mechanical fault diagnosis process using auditory spectrum characteristic diagram of nerve firing rate
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Hh B AR R SR FH — [0 308 218 I 48 1A T A, R R
JEXTH AR GIS P 15 5 B4 T M S pe PR PR3 25, AR AU
Xt e AL S R AR L B A Sy W B A1 ] v SR
SIUR AT I SRR B, BENEHE B2 2% 7 o 43l hy AR TR AL %6
G917 BRI B 2 HR AR Ab B S | ] SRS BE AR
F5ANE X S R B AN RS RIR BIE B | Ay I 2T A L G A
PEALSLRY

P B 26 5 fi 2 A5 ) Pl PN T 4 e 2 2 ko %
i 2388 FRORE L 3 A% 0 TR ISR AU A, TE A 5 1% 4L
il FEIE B A ML BT D132 e 56 28 P9 B 40 A R e it o
5 PRV AR A 5 T RS I — 2B T S IR SR B 2 1 i
kA S FE R 2 288 S5, 0F T 30 o) R L A 336 TR % R
e T I TR E AR R R R LA 22 Ak B R R
F140 4% T 1 25 2T 44 i P, SRR AT R B I, T AR B R 0
IO A9 sk W Ao 28 2 K

W3 R Ak B B Pl T A AR 5T e i A AR B [
FISR, B AEDT ELNH X 2405 B R 2B, fEf5 5
DL T T, B MR AZ AR R SRy 2, B TR S T R 2
S TR ol A 2 T P 0 R 5 12 4 R i B A
MJE YT FC AR A A | 20 AR TS W R R i & i
R I B E R GIS 75 15 B 70 4 2 R 40 %
JEE () W B M 7

R TS TSR T 43 S A5 AR A5 LB 1) R A B S5
T, AM50H4 GIS 78515 5 A M0 IX ] 15822 A 20~20 000 Hz
(LRI, 2454 GIS & S AE i T H B R T
RCAT I P AR | A ST B AT B N 5 A 50 ) B L A A
PEFRBUT 48 AFRAEII R o, Hozs [ e S an 18l 4 from, &
THZ VTR AL R G R A b B IR S R T 4 FhAR[LEAT
RN GIS 735155 ekt L A W e i 1

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

PRI/ 104 He

5 10 15 20 25 30 35 40 45 50
FHEIAR S
B4 Wit SRR ER
Fig.4 Characteristic frequencies in auditory computing mode
AP 5 n] oA, Sl W s S A Ak B A5 3 A9 W 3 15
SRR RS T 2257 IR, ik — DA W e R BT
FIRAYAE BRI SERT E XA TR IR SR
3.2 HFEREX
T ST A T 1
LWk RE ARl 4

R AR B, TR
ARSI WA AR 5 I RE



H 2h tb £ R 5 5 H

58 Techniques of Automation and Applications

2026 4F 4 45 3% 45 10 #)

R BB AE D RIM M B 0 S DA K A SR AE 7 RS
TR, I S 28 Bl R A O T il s 28 0RO A W S 35 4
MR, B3R 7 RGEHRE R BRI R R R,

FAFIESR T 58 (55 I RE R E,

E =S a(k) 12, i=12,48 (2)
A, 2, (k) FoRWTaETE T eR @ ANFFAEIARS o8 N
i 1 BOWT TG S AR, BT R A AR R TR
W e (s 5 R RE &L, I X HAEAT 1 — AR AL 2], AT A 2 W5
i HE i (auditory spectrum energy, ASE) .,

32
o>
fling
=
=
=

0 0.1 02 03 04 05 06 0.7 0.8 09 1.0

Hifa]/s
(a) IEH TAE

'S
oo

)
o

16

FRREAIA P

f=]

0.1 02 03 04 05 0.6 0.7 08 09 1.0
i i) /s

(b) Hu IR FA Sl

0 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0
) /s
(c) BERCERAZ)

0.2 03 04 05 06 0.7 0.8 09
i
(d) kA R

5 BWRET GIS FEHESHITREE
Fig.5 Auditory spectrum of GIS sound signals in various states

E E,, - E
ASEZM (3)

RESH IR REUE H AT 0L {5 5 BE 1 701 B BE AL AN 2
P, AR, R W5 5 AE B 20 A B2 10 BEALAR B2 B
ARG A R AEAT AR X O B W 5 {5 5 RE i, W] o — 2B TR
T REHLM (auditory spectrum energy entropy, ASEE) , HJ
Yol (k) 1P | x, (k)12

ASEEi=—kZ - In(———) (4)

K, E, 8% i DT RS i RehE
PRI 7 1IE 450 % T T 56 3% i 4t 4F (auditory spectrum
energy moment, ASEM) , HfI

N

ASEM, = Y fiw x(k)1? (5)

k=1

K, £ GIS A E AR5 IR IR

T 58 3% T % 4 ( auditory spectrum power entropy,
ASPE) IR ITEINT

T X WG A R AR 43 1 Y A R AT L i A
5 X (o), It — LR BHIIRE P(w) .

P(w) = X(0) (6)

T 5 4 P A R 43 B S R AT P, =

sum, i

>0 Pw) BEATHSE IETT DR B — 5 i

FHIEAUARIT 205 5 B D34 ASPE, .

Y P(w) P(w)

ASPE, =- 2} P (o) P (@) (7)
i (skewness ) T T FAiE W7 5 3% v 45 ¢ iF 500K 43

SO AR X AR AR B, HAH S A0

E(x, _/J“)3

skewness, = ————— (8)
p

K, w Fl o GRS i i A (E FNUE 2% |

Ui BE (kurtosis ) 7T H i & 45 SEAE AR T T A S ik
T R U AR B K HAR S T 1B 25 43 A iy e A e e, HoaE L
T S

kurtosis, = 72 (= 4:“') (9)
n-o

AT S(E R S IRURE P 1) P T 285 4 AR e S HG i 35 1Y)
{5 B PR AT 3R AE VT 06 33 () B AR AR AIE , T e 3 A
RIZERE S M <N, X H 317 4 7 18 5 f# ( singular value
decomposition,SVD) , H[}

A =USV' (10)
K, UV 535008 M <M FN xN 9 IESSHE [, S Xt £
FELRE O F b 5 (8 B A T 15 6 A A 4% RO R B/ NHES ] 11
e

AEFE GIS B 4% A E R 5 B e g 2 5, i
K (2) ~ (10) X Wrog 1% S BORFAE . Sk — 2048 m GIS X
B RONOR X 4 FRZS T B0 & SRR (R A T
— AR A VT SIS ARIE I AR 6 BT

JH—fbfE

1.0
i 0.8
0.6
g 04
d 0.2

i 0

0 5 10 15 20 25 30 35 40 45
FFAESIR 5
6 GIS EEESMHERMZENKIEFHEE
Fig. 6  Auditory spectrum characteristic diagram of

nervefiring rate of GIS sound signal
4 GIS ¥4 # %R A K 5o
NS UEFT R 7 2 UNERE  BE TR AR Y GIS



A Zh b 8 R 5 H

2026 4 4 45 35 45 10 1

Techniques of Automation and Applications 59

EIERARAS T 35055 4 LA T B 1 A PR B 4 |
HrIE TR I A B 200 A, Hb IR A 3 B 120
A AN SRS 140 A i Sk 42 il R BB 160 4,
ZRAEIG RS, 80% FUHE 1E W I 2R, HA B 1 R 56 30F
£ 54

AR SR VGG16 A 2 T B 28 U 531 0o 2% | L 1) 45 2%
FUNTE 7 Fr X6 AN [ W5 3 AR A P 50 e, X6 A
KBRIAT T AR AL, LIRS A A IR P RE

224x224x3  224x224x64

112x112x128
14x14x512

TXTx512
Ix1x14

o 14x14x512 1X1x100

B =

(] mkifez

ESuErI
GISH EH S
T B 3 R PR
B 7 Vgglé ML
Fig.7 Vggl6 network structure

4.1 BZFERANRALE
NS F 7 JABFAERY GIS A5 B FRi2 8T , Sl i o
PR BT SE R AR P AT LR 20 30 68 AN [ B — oy
AEE A AT 20 YIRS, DS RO R A PPN 45 2R
k1 FiR
F1 BN GIS PSP IR R EE
Tab. 1 Average accuracy of GIS mechanical fault identification

with single feature

FFAIE 44 R DR RE/ %
gtk 73.21

e ] 90. 15

[jizpsEl 68.32

IR 88. 36
Tz 85.43
15733 88.49

GER(! 79. 69

FHER 1 AT 56Tl 28 R R T o i B U 45 2R B —
GETTRHIE I R B A BRI RE T . o DA A
AE LI UM R AR B, SRR HE B S 18 51 90% LA I, = B
P2 R TBCRWT 58S RE IS AT URAE GIS T ML (5 2.
ATl A2 W B A RRCRRAE
4.2 BEHEHE

it RAE GIS F{5 515 B, #& & GIS B WLk
BRI AR SO 7 R TRAAE Rl A

R A5 B — A TE 1 A At 238 A v BAPRHE T | B e 7
BORREE RS T S . i — P R R Al S R
FETBAANFRIE Y GIS AL B 725 JR 1) o 0 2 0 2 45 5
NERL &AL RECE, N
ko=—1 (11)

7
aCCy

Hop, ace, TR Y BTALE 58 ;A FEAE 0 U3 A
acc,. A HHTAL G R SRR R 0AS 2050 SRR A
BURFE W, 2k

Wj:Eﬁ xkj (12)
2, F, W5 ARRE 56 SRRIESR R I RIEAA

Xt B —EAE A% B AT 7 [ UEAT R, o A TR — 2K
FEAE , BFE G 28 0T IR AS 2 A 19 3 28 & R T 52 R 4 1IE
K., FIF Veglo ML HE1 74335 s b 5L ani&l 8 i .

96

95

94

s

91

PUIHER /%

90 H——t :
2 3 4 s 6 7
REAE R B
8 RIARHMEMARTLTH GIS BN FERERT ML

Fig. 8 Evolution curve of GIS fault classification accuracy

under varying fusion feature scales

Hi & 8 AT LA i, A TR B — SR TR AR 247 1R
S, G ZJERRIE S 1Y GIS BB TR ERR 28 2475 21 1] 4 42
o B RS RO A 3G , BT SE M: RE A — e Y
W IR TS, YRl s T e B E A ) S =
PR AR B, TE3 M i 23208 B B S E, R 94. 96% , (E A5 1E
IR — P KRS FRIE A8 B SO 235 | K2 Wiks 2
AR BA )e Bl , IX 322 ) T AR 2 B A JR A ok i B -
FEREINICAY BE B RIS, AN T sk St g | T 55 B B R
R B BUERRIXT GIS AL # AR BEHE R A S
FRIRBE ) Z P8 2 T AR RE
4.3 FiENEE

SRR R B 7 B LB | 4 i 28 R TR W v i R 1
5 ARG J5 vE AT LA ) FH e B 28 4 (short time
fourier transform,STFT) ST A il A A i [ e o) b R A
i I ( spectral correlation function , SCF) R R eyl
FRE 1 K] (harmonic pitch class profile, HPCP) NP K MR
AR TS B (Mel spectrogram ) VST HEAT N L SR
FEURH 22 D0 245 42 JBCRE fIE DA TT AT B R0, 4% 5 vk T 1
AU HE R N 9 B,

&L 9 FIHL, SR FH 5 Bl SRR AR 335 P 1 T B 12 W
(R 77 0k 24 R 8 S IR 8GR S, RO R 4 1 T 50%
Forf, B J B e B e AR 4 STET 45 21 A9 B 431 15 ] DL &
SCF FFAETE 2] By R0 HE 2 73351 74. 19% H1 51. 21% A
BT HAM 3 RO R MBS, X FEIEH T Bk 2 FhE
MEFIR Ik FEOGE A B 155 A B A RE & 70 MR- 1E R 7S
537 VW 9 BN ik i v A S FE S X A5 S B R



H2h b 3 R 5 5 H

60 Techniques of Automation and Applications 2026 4F 55 45 4% 55 10 M
rof -, A A0
2 '{1 HUIIBFET A
sk o Gl |m
. T Rt i i AT
vl WAL LEY K e
:EEA- o061 o a!{,.;?{\f‘::.. Ax S
£ SR Rt N
- Sl Mgt aada
o< u 0.4r g -._: :. . if o4 m-cg ‘o
N . L m A B gmne®
Y o
021 e':’ﬂé‘?‘; Lol
STFT SCF HPCP Mel ASFDN | i
IS ) ! ! ! ! .
PRI | STFT SCF HPCP Mel ASFDN 0 02 j@i i ?0’;&% 08 Ho
WA 77.02% 62.41% 89.66% 93.55% 98.82% (b) SCF
PERES 74.19% 51.21% 77.24% 90.32% 94.96%
HY9 AESEEH GIS ARSI Rt o N LELE e
A HhBEEAEA A
Fig.9 Comparison of accuracy of GIS mechanical 0l .* E’pﬁiﬁﬁ&i}] []
fault identification with different feature maps /l * ¢ e A e
e p A S TR T = o6l W-‘fé hd
B Bh I 50 B2 S HPCP RRAE 35 1 8 2 H 2 el N
RO AR GE 01 3% , 46 S5 30 U T 7. 24% 09 15 AT £l &
FE o IR RAZ ML AR T R A 1 i S 3 U)o ®
Fiof fefy EEL I A 48 7 A %) A0 B RS AN AL AR G 2 e A 02 . '.’
B AT 52 J 1 % 5 99007 0 Al T80 75 5 4 A1) 75 2 B R e
N . N “, 0F [ 1]
Mel BEFIAER AR R R A T ARSI A4, 1L s T
PUINHER K 5] 90. 32% , i — L Bl T 56 T U 58 BT AL SRR
BRI 2% T P A8 7 5 BB P B 2 L AT, 7% () HPCP
T AT A IR BIAR S 1k B R IR BE Lol s TETE e
HIEL Mel ], A% SCB7 R RO WT SE -SR03 — A 450 poom e
LT N BN #2828 ik LA ST e i 5 0 2 W o Ak 3 ok 081 i i AN
i BRI 5 A T T A28 2% S04 £ 2 | oy
(I R AL, B2, 6T B4R 7 123545 T 94. 96% 1 1k % g ,,m el §
TELBIEB 3, 22 IR A IS TP A BRI ) 45 2 O ik Hoab 3 i 3',
A0S B4 A R GIS B4 74 255 5 UM T A A ’§ v o,
WK 10 Frs i T BRIZ BT 25 B SR R AE T 78 ' i
GIS %ﬁi@%ﬁ*ﬂ"]&ﬁﬁ%%ﬁ ,Z"Kﬁﬂ:%glj\ t_SNE 3”52)%'@5% oL, ! I ot I I I
LT 2 B £ RO 40 5 40 AR N
THEFIE A, ] AR S R B R TS A RRAE 1 (d) Mel
B R 30 FL 5 7 BIBL
10 . o .
Lor 'y EHTHE (e 08 f E:f‘i%’;: o "";,h
K g VUERBRET A 1
SRR | i ;
08 F . L v
’ i L e g os fg__ﬁg’ ey
T T
& L M’? . s %f’ e __|e
% 0.4 |t S & » 4 021 - m«; HuZ AL A
- R o+ | HCHEH (W
ool mlr ol b L
' 0 02 04 0.6 0.8 1.0
o "' S —RRAE A

L 1 1 L 1 1
0 0.2 0.4 0.6 0.8 1.0

S — ALk

(a) STFT

(e) ASFDN(ASCHH )7 :)
B 10 GIS A EFE IR B 45— EN B AT 404k

identification in GIS

Fig. 10  Visualization of feature exiraction of mechanical fault




A Zh b 8 R 5 H

2026 4 4 45 35 45 10 1

Techniques of Automation and Applications 61

1 & 10 ATET, X GIS 75 515 5 40 S S B 5 b Bisf Ak
FRAF 5 R B B, 28 Vegl6 W25 Il ke, I 265 T 42 B
HIPUNRHIE A IR KW 22 57 . 8 STFT SCF #1 HPCP 4b
PRI B ERAE S 1, 7 2ad M8 255, 4 B2 51 7 JR 3
AT DA DX A3 AH AR b o3 B R B OF R i, B 3 3 b
LN 2 AT SR PR R A 2, 1T 48 3 A IR A8 3 A
fIEFT ASFDN FRAS A REAE 335 A S0 B8 4 1 2 I B 70 A 4K
A 0T LA A T8 T i X 43 4 Fp 251, [ B ASFDN Il 2511
BT 4 P ) 22 () A R Rl B, — 25 6B T A SCR Y
ITEREH A 5 S P 4 R BIH708s

5 4

ASCHR T — P RE Tl 28 SR T A8 W 0 1 R A R
G A GIS SR B 5 7 ik, A LE TR 8 SE Ty
SNBSS Wi T8k DTS T W e P KA
T R AR SRIBOE SR . A SRR 4 Fh GIS JLA T 4L, [F)
25 11 W ie S0 JE AN 5 b 28 v AR T GIS 5 15 5 Y
ARBRAEF R LE R R DT ¥, B O AT 75 45 5 9 T e 4
SIRASFAE ol FH B — W 5 1 AR B AT 52 B GIS I ) A7 %
R,

[LIXIAR M, BB, AR, 55 JE T IR BE AR (Y GIS Jmy s =GR
ST]. BAAESN,2022,52(9) :12-18.

[2] 3300, X%, it 5. ST GG 4R 1 GIS Jey il i e 2 A U]
[J]. AR S5HARSR ,2021,36(4) :157-164.

[3TERSEA, FMIT, IR It, 45, v I oy T 22 i i vl AR R R SR £33k
[T]. WP EEHLT A, 2020,40( 14) ;4371-4386,4719.

(475058 B, Tz, %5, GIS A& WAL B G 1Y JE IR 3l 1T =
TES A A WS BEFT [ ] . P P T 2441, 2022,42(19) ¢
7248-7260.

[SIRE,BRK O 5 —kRE U R85 R GIS a2k b
ST T]. R AR, 2022,58(3) :210-214

[6]Z=F5T, IO I, 5. JET 7524 U5 00 GIS HUM R e i ks

RY[1]. HEHAR,2019,55(5) :42-46.

[71ZEMG7E. BT HE5UE A GIS AaXaa 2 IR KRS WM ka5 [ D]
AR R JFUHE TR 2021,

[ 8] Auerbach B D, Gritton H J. Hearing in complex environments: auditory
gain control , attention, and hearing loss[ J |. Frontiers in Neuroscience,
2022(16) :799787.

[91INIISC, 25 i daist 55, JLTHLgR 2 > 5 B ARPh 2 I 25 A Tl i 75
PUIBFSE[T]. ¥ HHL 8% ,2020,56(9) :107-113.

[10] Shuai Y,Li P, Wang G, et al. Mechanical faults diagnosis of HVCB
based on auditory features and sparse representation classification[ C]//
2021 Power System and Green Energy Conference ( PSGEC ).
Piscataway : IEEE, 2021 :650-654.

[10]Cad, B AR fRidese 45, JE T 3 S BRI GIS 758U 2 18 7
EWEFE (1], A s SR ,2026(2)  125-130.

[12] BRI E. 22T =4k GIS R REIC M H SR AR [T]. A SifbHEA
57 ,2025,44(8) :106-110.

(13145 5T GIS R A3 TIT I8 % 22 8 %2 42 | Sh Uy i [1]. A
AR E N ,2026,45(4) :173-176,185.

[ 14] Brochier T, Schlittenlacher J, Roberts I, et al. From microphone to
phoneme: an end-to-end computational neural model for predicting
speech perception with cochlear implants [ J]. IEEE Transactions on
Biomedical Engineering,2022,69(11) :3300-3312.

[15] Zheng J, Chen Z, Wang Q, et al. GIS partial discharge pattern
recognition based on time-frequency features and improved
convolutional neural network[ J]. Energies,2022,15(19) :7372.

[16]Li R, Zhang Q. Audio recognition of Chinese traditional instruments
based on machine learning [ J]. Cognitive Computation and Systems,
2022,4(2) :108-115.

[17] Tan H H. Semi-supervised music emotion recognition using noisy
student training and harmonic pitch class profiles[ C ]//Working Notes
Proceedings of the MediaEval 2021 Workshop. Aachen: CEUR-WS,
2021.

[ 18] Ustubioglu A, Ustubioglu B, Ulutas G. Mel spectrogram-based audio
forgery detection using CNN[J]. Signal,, Image and Video Processing,
2023,17(5) :2211-2219.

[ 19]Silva R, Melo-Pinto P. t-SNE: a study on reducing the dimensionality
of hyperspectral data for the regression problem of estimating
oenological parameters| J]. Artificial Intelligence in Agriculture, 2023,
7:58-68.



