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Quasi-Zero-Stiffness Vibration Isolator Inspired by the Cat Landing Attitude "
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(1. Beijing University of Technology. Beijing Key Laboratory on Nonlinear Vibrations and
Strength of Mechanical Structures, Beijing 100124, China)

(2. Guangxi University, School of Civil Engineering and Architecture, Nanning 530004 ,China)

Abstract Installing vibration isolation devices on equipment is one of the important methods to ensure
its stable use. From the perspective of bionics, according to the excellent impact resistance of cats when
landing, this paper designs a high static and low dynamic stiffness isolator with asymmetric stiffness
characteristics by observing their landing action posture and using the principle of nonlinear compensa-
tion and using the air spring as the positive stiffness structure. Taking it as the research object, a dy-
namic model is established, and a specific method is used to analyze and solve the asymmetric stiffness
system, and compare it with the numerical results and finite element simulation results. The results
show that at lower damping and higher excitation amplitudes, there is also a period response or even a
chaotic response. At the same time, by comparing the vibration isolation structure and the vibration iso-
lation performance of a single air spring designed in this paper, the conclusion that the vibration isolation
effect is significantly better than that of a single air spring can be obtained, which verifies the effective-

ness and feasibility of the designed vibration isolation structure.
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Fig. 1 A biomimetic structural model of a feline
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Fig. 2 Scissor structure fixed on one side
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Fig. 3 Kinematic mechanism of negative stiffness structure

B on [0) Tz Bl 2l 8l 8T S0 R Y Ak
SR SRS Bl 3 X S AT B 4 LT LA F
7R A S B 5 Ay s S AL B AN 3 .

1.2 RikFHAFZSHW

B I 5% 119 25 8RR Q18 2 o, T A S e
PLRIR B S E W a0 < 26 FH DU AR 58 42 A [] 19 3% AT
LU 2H 56 42 AH 7] % 53038 24 A £ Y 2 25 4y . 80 38 i e
A EE N H AR5 42 il T 22 18] % D) 4% fil JF B
.

BT m 1 FIE B ES S50 R/ANEE N 0
ENIEINECE P

Lsind — Lsind =z (1

R 3 AR X A i B K B U B AH.
i W 3 ) JBeE B, a] LAAR 3

AH =R —+/R?* —(Lcos0 — Lcos0)* (2)

BT LT R o 3 38 ) R R it & 22 3k B i
FAE RN AH—R B}, 3 (2) & A 18] 7 6 15 B
{8, FEER2 b HAT 27 k.

MBS 2 () VR (2) L AT LB cosd FH + E
NI R B 3 o B, 5 325 A Y A R T
PR SCHE = A2 1 R RS ) F o AR A B T R B i
HAHSZEYS F, SR 8 7. LU % 2800
REARAE R IR TN G2 AR 4l K )y i B, 35 0T ek Bk —
W R — AL S L LIRS N IEY) A .

ky(H,—AH)§(AH)—F,0x =0 (3)

Az 2 (D) ~ 203, IR AR = A bR s B 1k
n,wTLLU#eR Fy ) Rk

P N :
4kll{H},R+JRZ{Lcosﬁ—b—LJl(sin@Z) } }

h =™

JRZ—{—Lc059+LJ1—(sinﬁ—i)2}ZJI—(sinO—Z>Z
{ Lcos@—b—LJl(sin&Z)ﬂ (sine— z

) 4)

2R DR By BEAE R TR 2 AR 4 AR ASOHCIR ZS 5 R L IE W LA (28 OB ) 1Y i Jr Rk A

R (5)

1.4

1
Fd:PdAd(l_I)
Hd

(5

PAERBR N F, S F 2, R R s B A SOP B D5 E R .S 5 AR R, 94 PR

W& R Fy—F, LB,



88 8 %

TR B

2024 45 22 %

1) " 4}3]‘{Hh —R —|—JRZ — { Lcos@—i—LJl *(Sin@i%) 2} 7 }
JRZ — {—L6056+LJ1 _<Sin§_%) 2} | \/1 —(sinﬁ—%>_

2

Piww+gﬁ—@w—z)J@w—z) (6)
X (6) AT o AL AL B, 4
- PAy - & _H, L _ L 7&
P:thhvl‘*Hihyﬁffaﬁfﬁysth9M*Hd
REITCENE G T RIRA
4ip—1 1—|— . N fi ’ Z}
- ( | )117 {7] +J { Bcos@—ﬁ—ﬁJl (sm@ e) } .
—px +1 2] r\ 2
Jl{_BC050+ﬁN/1_<Sin§_z) } Jl(sin@j)
(7

[ecos@+eJl *(Siﬂﬂ*?) 2} (sin@ _%

2 =

Stiffness (N/mm)
1

o
1

T T T
-20 0 20
Displacement (mm)

Pl 4 B O 45 g Tt 2%

Fig. 4 Negative stiffness structural stiffness curve

T AEARAE AR AL R R A B AT B Y

WIEE L W32 4 I TE TAE s B X A2 3% BAT AR Y
— 4L

MANEHNMSHE N H, = 10mm, k, =
0.1N/mm,L =100mm, R = 15mm, cosfd = 0. 866
P B4 I J5E T 2 An 5T 4 B

Al LAWLGE B, W0 R il £ e — € S BN AF TE R
1B [7) InF o A7 0o g AR X PR . e, M RE il 2 3 1
20 AR R I R T LRI S R S R A Y
1F W2 235 48 JF 166, 3 AT DA — 2 A BE b RO 3 A R Xt
PR, TR L S T 3k Gt B I RE SR B 0 5 vk A A
IR I i 114 S O B A i /(B A 45 T L AR (7))
FIMAE IR G, 2. iR A

4{7,1+J1{Bcosﬁ+ﬁjl<5in‘9—?)zy}

F=G=p

1 1.4
—ur ) - : > —
S Jl[ﬂcosﬁ+ﬁjl<sin0?)z} Jl(Sing?)

{ecosﬁJreN/l (sinﬁl:)Z:| (Sinﬁf%) (8)

Ht, G=G/(k,H .

22 BRAS SCHY A B AR FLOU 2 L G 1 E LA 7
AR R AR BAL T3 b 2 B B R R A B
MRS T L e B X AR TR B BT T — Bk
B R A A L B 2 =0 WL T AR S
VT2 A8 LA R iR B JLART AR L A A2 50 F R G
ST BE BB B R. O TS BRI B RS

o DA K i C 1Y) Bl 91 BT 5 4 - A8 2 1 M
JE R — S TE, SRR TE. A,
F'(x,) =0
JF”(xc) =0 (9
F’(x.) >0
A G B2 2540 2 BB S 1A 4 b i BR— B OF
UK TAEN B HUAE 2 = — 12, 5mm , R4 28 (9) 7]



wel SRR ES

0 M T AR 89

s, — A S8 Hy = 18. 16mm, P, =
0.033MPa, A, = 200. 96mm”. B IRFEHE 2L -
AT LLIR B W BE (B i T 2 800 B & AR 25 5
M), S B 149 I ML T i et 25 BEIR A, E 47 1T fiE
A BRI BE S e AR M. R — A AR A B M
W T2 X A A S B AR o i 28 A R,
K, S 7 E W RE 3G OK L #E—HG: H, =
25mm, P, =0. 04MPa HA S HOR A, 15 2] (1) 5 NI
FEhZean &l 5 FrR.

3

Stiffness (N/mm)

—22-20-18-16-14-12-10-8 -6 -4 -2 0 2 4 6 8 10 1214 16

Displacement (mm)

5 SRS 25 R R i £k
Fig.5 Total stiffness structural stiffness curve

S3 A W RE b 2 mT LAAS 2 W0 B8 Y e /MEL R T T
T AANIEE R 2R T2, XA REIA B 1 47 19 Ik
RO A B 2 Atk el v 5 W EE e /IME 7
BT o= —12. 45256 4b, T1E g 00 & R % 76 1%
SR BRI K 2, = —12. 45256 R A (8) . AT LU
A5 31 368 J5C A B PR o 4 0. 6184 k.

B (DOIET MO E v =, TR RS
b3S 53 A T B = 2 A ) Y ek B0
TP SR AT BRI DT R 25 R BR A
FEEN R, AR o — B LI W R, S R
AERZEN. I, O 1Ok w05 & 8 (D AT
TR R ERETT. W, 4y =2 —x . XA T AE
ﬁ{uﬁﬁkjﬂ%ﬁ%?-ﬁJ%Cﬂl%zﬁéijjlﬁ,%ﬂft(lo):

melm =51y — s,y +s,9° — s,y Fssy0 AD)

1 dF :
sof s = T RS, IR
(R ERIE  — B L9 RO B T 0,

(4 2 BONIZAF T 0, (H Hy T 15 22 19 52 W, 7 52 R R
{5 AT REA B/ i

1.3 RIRSFBHNESH
i B i v A 2 BT 1) R R R L O A2

ST 165 1 09 TRl » AT LAAS 3 3 g 2 Rk 5K
mH,y 4+ cH,y + F ok H, =F, coswt

(11)
- ¢ ,\Qzﬂ,fza) [9
2mw w,
F o Fl k}
e H,Y m
NG 13N 2 E R B AR
v+ 28y +F o =F, coslc (12)

— MR, R R R AR R M R G JE Y 1
B ARG T X RN REE A E
SRR R B DUTR I 5 0 & e LR SR M. A

FEERRG TR BN E TR,

WF, =15,0 =1, 5T U2 t i 43 22 K

0.55 0.6 0.65 0.7 0.75 0.8
2¢

H6 XT 26 s A
Fig. 6 Bifurcation plot about 2&

AT RIS AEIZ X Y. 26 = 0. 706,0. 76, 0.
82 W 43 ) Sz A Y 2 R 30 4 32 3, SR ) 2 32 B, JE 40
13z gl e BN RHLE DX ] P, W) & A= TR il iz 3.
— B EX MG, 73 i 4 26 =0.82,0.76,0.

706, 15 5 54375 TN P N SR 1w P an a7
W AT DL E]L Y 26 =0. 706, 4 & 4> R

VU L, B i 3 A THD AT DU AR 45 5 2 26 =0. 76, FH
309 W B D2 TN 3 18T A Y A 45 s 2 26 = 0. 82,

FH P A — B, P N S B 10 AT — R 45 a5 M BHLE L
BE/INEF S AH PR B n S A e P44 0 o AR R A TR AT
Sy, I ELBE % BEJE 1 08070 o 33 T B0 G 34 2 AN WG o Tl
[, XA T, 24 LS JE 8 /NI, AR 261 R S8 1Y)

Wi 7 2 1 BRAR S A 9 A7 . DRIt 4 B AR A T AR AE
s AR ZE T A B TS X R A 2 S e AT o
i A



90

2024 45 22 %

Ce) YRTEIZ 3 1 46 P A0 P in S i (K1 @
(e) Phase diagram and Poincaré cross-section of chaotic motion @
B 7 AN TR] & B i) A PR o i 48K i &1

Fig. 7 Take the phase diagram and Poincaré cross-sectional diagram at different &

3 1 % 5 o= OH ¥ W
6 3
4 2
2| i
/ .
2 -1
4| -2
6 . . . . N L n -3 A . ; :
2 15 -1 05 0. 05 1 15 2 -3 25 -2 -15 -1 05 0 0.5 1 1.5
— = i e I y
Ca) JE393 1 38 2 ) A I 00 Jon e i 1
(a) Phase diagram and Poincaré cross-section of the movement of Cycle 1
6 3
4t 2|
2 1t
0 Rt}
-2 1+
4 b
—6 -3 .
2 s A5 005 1S 2 3 25 2 s -1 05, 0 05 1 LS
(b) JAH 2 32 By Bty AR 121 0 e Jon 3 A i P
(b) Phase diagram and Poincaré cross-section of the movement of Cycle 2
6 3
4 2}
2 1+
50! 0
ol 1+
4 ok
6 \ \ . . . 3 . . . . . ,
-2 -15 -1 -0.5 Oy 0.5 1 1.5 2 -3 25 =2 -15 -1 70.55/ 0 0.5 1 15
Co) JAIA 4 32 3l i A8 PR o i 48 i &1
(¢) Phase diagram and Poincaré cross-section of the movement of Cycle 4
6 : : 3
4+ 2r
2| W
|
!
0 0 N
2l —1+ =
41 b
6L 3l " L " . " " n . n
-2 -3 25 -2 -15 -1 70.5},/ 0 0.5 1 15
(d) TR 32 3y i A 1 B in 3 T 1 O
(d) Phase diagram and Poincaré cross-section of chaotic motion D
8 . . .
27 !
17 ;
0
1k
|
-8 -3
-2 15 -1 -0.5 0 0.5 1 15 2 -3 -2 -1 0 . 1 2
y y




52 AR DA

0 M T AR 91

2 HAFEBBRTRBENERR

2.1 fRITHERAR

TR T H) 5 AR X T AL i R gk R R I
FH 0 F . TR S BR 24 v, — fi 2 % 3k il 7 6 iE
FIBRmES . VF 2 2 3 AR X T 1 4% 38 % 0 47 TR A
GE AR SO e X B A% 3 R AT AR AT Bl ) 2%
TFRAE R

y + 28y +F =Z0%cose (13)

. Z
Hop. 2=

h

XoF T HA X FR BB R 0 R G Hma ) —
5 B BB E y=a, +acos(Qr+¢) BT
2. Ry TR A A 7 W {2 e e  7E 2 (13) H
K BELC IR F R SF b 48 Bk 2 80, IR AR AR (13)
F1,4 y =a, +acos(Qr + ¢) X X100 %
BIGUR — YRS BT, T DA A 30 A 38 =X Hy 7
S :

Q2P —a’) +0°[2(a” +bya' +bia’) —

4a’ &) —[bia® +2b,b,a’ + (0] +
20,b.)a’ +2b,b,a° +bia’ ]=0 (14)

2 , s, L
siao +ts.al +ssay +s,a0+ ssa; —l—?(sz -+

3ssa, +6s,ab +10s.al)a” +
3 "
§(3‘4+5s5a0)a =0 (15)

Hrp
b, =5asss +4als, +3als, +2a,s, + 5.

3 15 ‘ 5
b, :Isg —+ 35,4, —Q—Essaé s b, :§S5.

i 3 B 7 20 (1) A (15) , e bk mT RAAS )
MR ATARE P it 42 (HOR AR b RO B AN AE —
JRE B SRAR A 2. AR 225 SCHRL 15 ], 78 3R e AN K
W2 LT J2 O T 1 Al (6 R 43 A 1, 22 A et LT
A DL TR FE PR UE /N R R Y RT3 T A IE
F i i o (EATD DR 457 5 T 31 0 B AN A8 DL ORIE A B2
v =acos(Qr+¢) A3, Tl 01 i ik
Xof b 45 XV il 11 1 JB 20T 2R 0, T DA B A B8 U T
) M A 3 38 A A (16)

(*aﬂz—ﬁ—sla—l— ssa —l-fsa>2—|—

16807 =27"0" (16)

5 AR X7 A% B i A 2 ik X AR DY B e A% T
PE LA B BB R AT X L Q] 8 TR

0.3 1 ‘ Analytical |
®  Numerical |

0.1

0.0

e 8 *ﬁxﬂﬂzﬁﬁfﬂﬁﬁﬁﬁﬁ@ﬁttl%l
Fig.8 Numerical and analytical solutions of relative displacement
A LUF Y BROAR 2 A g T (EL R SR A i
Hr &b SEFEUE 45 AR A B I 4U5 B2 Ul B 45 23
BAT 8 B AT AR
17 8% A% 138 3 5 SCoR Bl I i 5T S 19 o 7% i 1B
LR AL RS IR 2 e (D) F i

2 ‘ . 72
T, — a +2aZZC05g0+Z a7

B Z =0. 1,26 =0. 25, e & 59 5t & 50 L2 L
R R S0 5T R izfg i R 5 25 R,
0L L A% i SR Pl > 28 RSB A ST A 6
i 41 3 Bt 2 A RURT A RILARE RN AR R AR K
b, 2SSOSR I A5 3 R m DL R IB N R R S5
P 3B 2. T A% 36 2 1 X L Il An 1] 9.

Motion transmissibility of HSLDS isolator
s Motion transmissibility of Single air spring|

&9 ﬁ*ﬁ{#iﬁ%xﬂt@]
Fig.9 Displacement transmittance comparison chart
AT DLW 3 o AT 3l ) 2 R A1 2 A AR AR T
RGN A MR BIRAEAR IR 3 N 9 % 338 R KT
MRG0 AE 4 K 2 8000 A T 1Y B ik B
IR, PR R AT A A5 2 A 85 H e



92 g o o 5 E M o M

2024 45 22 %

3 RIRFMARTHE

% B B AR e 1 LA 25 A4 AR O A2 2% L TR b R B
—E WY AL oFF 23 R B R AR R B A S OF AR
Pt 4 R A AR L S B A Ty s R . R4S Y
AL IE 10 ff 7R,

:

P10 o A
Fig. 10  Simplified model diagram

FIH ABAQUS 1}y {5 LA, B mm fF
FEAK BE L. JUAN S HOR A 2 P 50 5% 2 400 4 R
1.2 Wilk47 % L BAME, m =0.0006184t, ¢ =
0.00196596N/(mm/s) , I AR ¥ i Bl SCAY , 4 X ZF
JE T,=— 273k, il <K% % R =8313. 85m]/
(mol * k), A ME/RFH 2.9 « 10 "t/mol, & Jk
JEE SR HAZS 28110m]/ (mol » k)4 2=0. 6,8l w=7. 63,
PRI 2 TR RS Ul o FH R0 =X 0 i R S 1 5
. T SR A R R L vk L ik U,
IEH M= A oT 4 WA, Sy T 2905 AR
A K A 93055 R 23 A A A LA 43 2 JRA A

22 W IS 30 1 I 2 o 7 o B, B AR S o N
A5 2 B AR RS 25 S n &) 11

P05 6 1 s 90
t
P 1L O UK 7. 63 F i 2

Fig. 11 Response curve at excitation angular frequency 7. 63

e sk L Q=0.2.0.4.0.5,0.7,0.8.0.9

I F e 7 1 2 5 9 4 R 6T A7 % R AR 2 v A v TG
LR E L 25 R A 12,

A DL B A BRI T 4 5 R il S 4 vk 5
A5 30 00 g BT i T W) G o (L DR A2 338 38 O 1, 3K A
ARG B E A IRZE SN, B E. AR
D5 R B UE T 3T R AR BT AR T B A L T T B

PrAs g n 17 1.

0.3 5 Analytical

®  Finite element |
[]
024
3 -
0.1 4
0.0

0 5 zll
Q
B 12 A RRITX E

Fig. 12 Finite element comparison chart

4 it

ASCBETE T — B T B 3 B R A R Y
AT AR X R R AR 4 0 A LB R 4 0 AT T 3
15247 P o B IR R AL R 25 R A T AR R IR
T35k v By e IV IR 1932 Bl il o3 75 R 04 i A i 9 o
055 BB A5 R R BROT S SR e AT 0 LE. 25 R R0,
FELetE R G HARE A 30 J1 2247, I A 5 JH]
W1 1z S 2 S A BEL R S S 8 AT LA S
A% 2 Bl B IR A AR X TR — s R B
ARG IR IR BCR AT RN T8 T BRI AT L X e 2
TN T HA AR X BRI R A 05 A= 2 B ik 2% 59 23 A 5
B HAERE L.

2% 3k

(1] VT, AR Efr T H g v 2 W2 B R % 10 8t 43
H5#EHI[D]. dbat: ZEHERZBE, 2022
XIE Y J. Design analysis and control of electromag-
netic quasi-zero stiffness vibration isolator under
variable load [ D]. Beijing: Academy of Military Sci-
ences, 2022. (in Chinese)

[2] ZHANG Y Q, YANG T, DU H F, et al. Wideband
vibration isolation and energy harvesting based on a

coupled piezoelectric-electromagnetic structure [J].



5 23

TR AT 5 o 17 28 25 98 b 8 2 0 o K O Rk 93

[3]

[4]

[5]

(6]

7]

(8]

[9]

[10]

[11]

[12]

Mechanical Systems and Signal Processing, 2023,
184 109689.

TRz . Babe. S Ak b v 3w B H 05 A L
HWFFELI]. b, 2021, 51(2): 295—341.
XING Y, YANG ] L. Research progress of impact-
resistance strategies and biomimetic mechanism in
animal evolution [ J]. Advances in Mechanics,
2021, 51(2): 295—341. (in Chinese)

NS, BRAEAR, SRR 45, AR 4t IR IR T i i
HIRTTEM T ELI]. J1% kg, 2023, 53(2):
308—356.

SUN X T, QIAN]J W, QI ZF, etal. Review on re-
search progress of nonlinear vibration isolation and
time-delayed suppression method [J]. Advances in
Mechanics, 2023, 53(2): 308—356. (in Chinese)
DIAMOND ] M. Why cats have nine lives [J]. Na-
ture, 1988, 332(6165): 586—587.

MILGRAM ], MERBL Y, AROCH 1, et al. Epide-
miological, clinical and hematological findings in fe-
line high rise syndrome in israel: a retrospective
case-controlled study of 107 cats [J]. Israel Journal
of Veterinary Medicine, 2013, 68(1).: 28—37.
ALEXANDER R M, BENNETT M B, KER R F.
Mechanical properties and function of the paw pads
of some mammals [J]. Journal of Zoology, 1986,
209(3): 405—419.

KNG, Waike. THE. MBS W A BEZ )
FRENTLT] AW ES TR &, 2012, 29
(6): 1098—1104.

ZHANG X P, YANG ] L, YU H. Mechanical buff-
ering characteristics of feline paw pads [J]. Journal
of Biomedical Engineering. 2012, 29 (6): 1098 —
1104.
ZHANG Z Q, YU H, YANG J L, et al. How cat

(in Chinese)

lands: insights into contribution of the forelimbs and
hindlimbs to attenuating impact force [J]. Science
Bulletin, 2014, 59(26) . 3325—3332.

YAN G, QI W H, SHI J W, et al. Bionic paw-in-
spired structure for vibration isolation with novel
nonlinear compensation mechanism [J]. Journal of
Sound and Vibration, 2022, 525.: 116799.

YU H, ZHANG Z Q, LIU H, et al. A new landing
impact attenuation seat in manned spacecraft biologi-
cally-inspired by felids [ ] .
Aeronautics, 2015, 28(2): 434—446.

FANG ST, CHENK Y, LAIZ H, et al. A bio-in-

Chinese Journal of

spired system for simultaneous vibration isolation

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

and energy harvesting in post-capture spacecraft
[J]. Mechanical Systems and Signal Processing,
2023, 199: 110466.

LING P, MIAO L L, ZHANG W M, et al. Cock-
roach-inspired structure for low-frequency vibration
isolation [J]. Mechanical Systems and Signal Pro-
cessing, 2022, 171: 108955.

U A RS A7 2 B 2 2R 0 R AR B0 o o 1 RE T
FELD] PP B Tl K2 2022,

LIU C. Research on vibration isolation and impact
resistance of limit bionic isolation system for ships
[D]. Shenyang: Shenyang University of Technolo-
gy, 2022. (in Chinese)

ABOLFATHI A. Nonlinear vibration isolators with
asymmetric stiffness [D]. Southampton, UK: Uni-
versity of Southampton, 2012.

SHAW A D, NEILD S A, WAGG D J. Dynamic a-
nalysis of high static low dynamic stiffness vibration
isolation mounts [ J]. Journal of Sound and Vibra-
tion, 2013, 332(6): 1437—1455.

YAN G, WU Z Y, WEI X S, et al. Nonlinear com-
pensation method for quasi-zero stiffness vibration i-
solation [J]. Journal of Sound and Vibration, 2022,
523: 116743.

MAREY M. Des mouvements que certains animaux
exécutent pour retomber sur leurs pieds lorsqu’ils
sont précipités dun lieu élevé [J]. Comptes Rendus
Hebdomadaires Des Seances Del Academie Des Sci-
ences, 1894, 119: 714—717.

CARRELLA A. Passive vibration isolators with hi-
gh-static-low-dynamic-stiffness [ D]. Southampton,
UK University of Southampton, 2008.

WANG Y, JING X J. Nonlinear stiffness and dy-
namical response characteristics of an asymmetric X-
shaped structure [J]. Mechanical Systems and Sig-
nal Processing, 2019, 125 142—169.

JEl2%Ae . BT AR X FR W EE A BE 2 R 1 Y o 2 MR R
AR ARMR[D]. KA. HMKRE, 2021,

ZHOU X H. Research on quasi-zero-stiffness vibra-
tion isolator with asymmetric stiffness and damping
characteristics [ D]. Changchun: Jilin University,
2021. (in Chinese)

Y, WAEES A HERRSGOIEID]. R
e B R, 2020.

LI D W. Research on air spring vibration isolator with
high air tightness [ D]. Wuhan: Huazhong University of
Science and Technology » 2020. (in Chinese)



