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Abstract

Evaluation of environmental vibration is essential to environmental dynamic testing and analysis.
How to reasonably evaluate the vibration is a widely concerned issue. This paper proposed the
time-frequency energy analysis method. Firstly, the Margenau-Hill-Spectrogram time-frequency
distribution was selected as the optimal analysis distribution and statistical analysis of the time-
frequency characteristics of the measured vibration signals was given. Secondly, further analysis
of the local time-frequency energy and accumulated time-frequency energy was done. By compar-
ing with traditional evaluation methods, the results show that the vibration induced by under-
ground subway has remarkable local time-frequency characteristics, and that both the local and
accumulated time-frequency energy has statistics stability. The time-frequency energy evaluation
can be used to replace the traditional evaluation method and to describe the energy accurately
and comprehensively. Time-frequency energy evaluation is suitable for the vibration induced by
underground subway.
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Figure 1. Gauss linear frequency modulation signal and time-frequency distribution spectrogram; (a)
Man-made signal; (b) Margenau-Hill time-frequency distribution spectrogram; (c) Margenau-Hill-
Spectrogram time-frequency distribution spectrogram (63 points for time window and 97 points for
frequency window); (d) Pseudo Wigner-Ville time-frequency distribution spectrogram; (e) Wavelet
time-frequency distribution spectrogram
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Table 1. Calculated characteristics of 4 kinds of signals with different time duration

3 1. 4 MEERSIET IR E SR B EE

(E] IF/kHz TE BF

ik 0.056 1.70E4 0.0038
EAfE 0.055 1.58E3 0.0412
Y2 % 0.060 552.74 0.1186
14 1% 0.064 27559 0.2384
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Figure 3. Acceleration time history curve of 4 different time history and the time-frequency spectrograms; (a) Acceleration
time history curve of whole time history and the time-frequency spectrogram; (b) Acceleration time history curve of one
time history and the time-frequency spectrogram; (c) Acceleration time history curve of 1/2 time history and the time-fre-

quency spectrogram; (d) Acceleration time history curve of whole time history and the time-frequency spectrogram
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Table 2. Time-frequency energy statistics (units: m%/s%); (a) Time-frequency energy statistics of each energy segments; (b)
Time-frequency energy statistics of each energy segments from different samples

52 2. BHRRER Gt (AL m¥Ys®); (a) BLARLAEEE T Segl~Segs ASfigE B4 it; (b) FRIFEAGEEE T Segl~Segs
FHSAEEE Giit

(®)

Hn Segl Seg2 Seg3 Seg4 Seg5
1 104.99 81.57 5.85 36.20 43.41
2 81.57 104.17 6.59 43.41 46.83
3 104.17 101.88 9.16 46.83 38.36
4 101.88 99.27 5.47 38.36 55.40
5 99.27 104.16 5.98 55.40 53.95

Avgl 98.38 98.21 6.61 44.04 47.59

Avg2 98.29 6.61 45.82

SD1 8.64 8.51 1.32 6.80 6.40

SD2 8.58 1.32 6.83

Cv1 0.09 0.09 0.20 0.15 0.13

Cv2 0.09 0.20 0.15

(b)

FEA Seg1 (Seg2) Seg3 Seg4 (Seg5)
1 108.60 5.06 31.34
2 113.19 6.04 35.12
3 107.70 6.02 39.69
4 105.42 8.30 40.66
5 109.80 6.84 43.57
6 93.69 5.40 42.57
7 118.05 4.85 40.82

Avg 108.06 6.07 39.11

SD 7.00 1.10 4.03
CcVv 0.06 0.23 0.10

vE: Fh Avg RHTIME; SD MERMEZ, CV AR RB(FE). Avgl. SD1 F1 CV1 Axf R T4 — 7 BE #5045 Avg2. SD2 fl CV2 Ky
ST Segl Al Seg2. Seg3. Seg4 Al Segb HitHAH

Table 3. Time-frequency energy statistics of signals with different time duration (units: m?/s®)
7 3. FRIEAHME S AR SREE E ST (FTSRREE 8. (msY)

FEA FLAE P fis =f D Tifls
1 540.39 1768.16 3668.87 4993.36 6500.65
2 593.69 1941.36 4031.14 5485.67 7142.06
3 654.44 2140.03 4443.67 6047.06 7872.96
4 618.38 2022.10 4198.79 5713.81 7439.09
5 702.42 2296.91 4769.43 6490.36 8450.11
6 564.38 1845.51 3832.12 5214.84 6789.46
7 567.48 1855.66 3853.20 5243.52 6826.79
LS 540.00 1979.80 3494.40 5009.00 6523.60

Avg 605.88 1981.24 4113.94 5598.35 7288.77
SD 50.91 166.48 345.69 470.42 612.46

Ccv 0.08 0.08 0.08 0.08 0.08
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Figure 5. Accumulated time-frequency energy curve of the target signals

E 5. & BirEAE SR AREIETIRE B R Lk E

A — R AN R REAS (O AT A B AR S R BN T 0.1 WNRHTPIERE, S5 ERHE 5 AR A aE & oA
540.00 (M?/s%), =5 HEIHE 5 BN 3RS B 3494.40 (MP/S°), T TLAE 5 INHE 5 (I 41 AE &4 6523.60 (mP/s®),
FH UG AT ARSI AR B ST LR MRS e 5, A LR A

y =1644.11x —1153.53 )

X X ONME S RF 4

BB IRATUAR — HARFREAS, 41X AN RN BBk IR B0 5 5 I RE & . IRahIN IR B AR 3 I8
7 Gt AR e BA L s THBUER & St (EREAT IR, AN FIFF st BRIk 3015 5 B0 BRE & IRsh ik
JE AR B ARL KT 2040 i 2 A SRAR 2t 1<) 6 A 7 P

K7 IR L 1 s ATHBUR B 1~5 s SRR AR IR G (R oK) THEE AR B0 R R & Res TR
PRMREE FLHAE: REE T B IS R ASOE M RE RS e i AR B etk & M. () mT
W, XFF 1s 55 REER A A ENTHEERNEESEN, % mAE 1s RN REREE A

MIEL6 TATAT LA, PA 1 s A THRUR PRIt B RE & IR BANR SN IR EAE 2 K AR I A — 2L,
I ARE R AESRAL 1 s FFIN 5 5 HRE R RHIE S ST A M R BOR . K 7 R aT AE
KM R AL e s A M RN AT AT B S RS S BTSSRI A B I e R 22 AR, R DA
£ 100 VAP, TOHRBN I L 43 2 00 TH 5 45 R AR XHE W 22 = T I ARE B T 542k, oK w21k 3
T 25%, VLWL GEo BT J3VEAE 2 W Bk 51 A i3 e AR B 45 -5 IR0 R 3 B A £ WD S8 e A R O o

ST R, AT LUE RS0 RE 5 e BRSNS 2 BAR B 5 A SR B PPN U5 vk
XHE T IR JRALAE A, R X 5 J A kb R 51 RS ) RE B R e Ay 5. RARE R SE T bR 1 1A
SEOINHERA AT, NP BIRE R TR 51 R IR SRR -

5. &

1) Margenau-Hill-Spectrogram 7347 R AE 2 ik 17 51 28 55 (A BRF8 I HR 3015 5 i S R i B S8 &40
#, FN RG-SR ER T X, T CUE B RS BIPRE 5 IR A R AR S A B BE R

%



Mok 51 A A SRR B K I AR e B VAN T ik

=PI B R IRIANIRB R E

10 |-
T VT
_..l—L
K ‘ L ‘ . . .;ﬁz‘ﬁdﬁ
L / AR T T LY \ ANy
% 0.6 !,. {xl ’r. V\\ A \ e/ \® i
T i "a , \ 'fl V \ / \'. . \.
m Loy A Voo L
= 04 | 'I' / S\ ‘.II Y \ '..'.
) 4 v ! !
L ! v t\ \
o2 | &/ - Lo \ .
/ \
- lfl \
0.0 I Y PR T T U I U U R N N Y M|
0 1 2 3 4 5 6 7 8 9 10 11 12 13

R4
Figure 6. Normalized average time-frequency energy, VAL and vibration amplitudes curve of

the target signals
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Figure 7. Accumulated time-frequency energy by different calculation methods
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