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The impact of noise on the measurement uncertainty of step signal rise time

CHEN Xiaosong, LI Feng, LI Tianran
(Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: In order to more accurately reflect the sources of uncertainty in the measurement process of the rise time
of step signals and improve the credibility of measurement results, numerical simulations and experimental analyses were
conducted on the uncertainty components of step signal rise time measurement introduced by noise. The results indicate
that the signal-to-noise ratio significantly influences the uncertainty of rise time measurements. In situations with low sig-
nal-to-noise ratio, the uncertainty in rise time measurements caused by noise becomes the main source. By comparing the
application effects of the Savitzky-Golay smoothing algorithm and the moving average smoothing algorithm in the calcula-
tion of rise time for step signals, it was found that the use of an appropriate smoothing algorithm can reduce the uncertainty
components introduced by noise, with the moving average smoothing algorithm showing better performance. This study
contributes to improving the reliability and accuracy of dynamic signal measurement results, and is of significant reference
value for uncertainty analysis in dynamic signal testing in the fields such as aviation, aerospace, and automotive industries.
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Tab.3  Rise time and its measurement uncertainty after different smoothing treatments

t,/ ms Uy, | Y
SRCICRNES Sw=32dB Sy =43 dB Sy =32dB Sy =43 dB
S-GHE MATIE SGHE MARME SGHIE MARE S-GRIE MARE
5 7.90 7.69 7.68 7.67 54 43 33 3.1
9 7.70 7.67 7.67 7.66 43 3.9 32 3.1
13 7.67 7.66 7.67 7.66 3.8 3.8 32 3.0
17 7.66 7.66 7.66 7.66 3.8 34 32 3.0
21 7.66 7.66 7.66 7.66 3.7 3.4 32 3.0

33 HTESHBNERSN

TR 5 07 B0 22 5 BRI AR X RS
E LR EAREUE b DI 51 L 43 79 30 4
A U0 ) I e 45 2R 5 05 L A P AR MR EE D 40,
46 BT EE RN, R SRBNE R 4 P HEATRT L
AR, AR B TR 2E SR SRAE AR A R

SR g b ) E SR G T A B A AR X T R
REFEBOR o X T 7 E A i RS 10 g
A BRI [R] A BE AL A, R AT 22 U U e 1
Mg P A R b T I ) AN f i R T S PR
H S AT A AN B 7 B 0t AN (U H R Y
BEALPES IR, s TARMENR . REBLE | £



iR

RESTHEE - 113 -

AP R, Wik, Wi e T B
RES LT E A Hr i B, J0 T4 M IR K M A A 52 i
B RS H R T 0T

A4 GARLXBERTILEA

Tab.4 Comparison table of simulation and test results
HM S, /dB FREZR | MHz t/ms Uyl %
Tk 40 1 8.00 2.0
i K 46 1 8.00 1.1
1 43 1 7.69 35

4 g

i 3o BO(E 5 L5 R A [ A5 M LT B BR A
SR b in R NN R Al SR b e ay g = W N
FE RS, IFXS AR i B AR AR S 5L
W AN B2 vh Il B RBOR BEAT T R, A
PRIF I B BRI R g rh b7 TR e ur . 145
N E LU .

1) W75 X6 o BR AR 5 L P s ) £ 000 A A
FEE N I L 3 a o N AN I w4 R TN
HEONIRE BN . BRI, TESEAT b R R R
DI, R R PO T B AR A | S {5 1L .

2) 3 Ao 07 FH V- A R v T LA S A R
SUAHY b T (B0 AN B, e RO iR AT A
BRI, MA B L S-G - 15 1k A e M Ak SR
TET R o 7E Uk R MR B - R, B
) H5 B G /N T B T ] 5 SR A 1) B 1 b (R Y 2K
WY, VIRERIIE R L IR T IE Y i
£, ATRLHE— D REAR IR 7 5] AR b T B )0 N
WhE R .

S % STk

[ L] mes, T, A marm s Bt Rgy]. 4053k
BARSEREE, 2018(5): 70-73.

HAO X J, WANG M M. System for time constant test of

thermocouple [J]. Instrument Technique and Sensor,

2018(5): 70-73. (in Chinese)

[2] MBS, SRARTT, ik . ST UL i A LA
I ) B0 X R G AN E B 2 A LD . o S 1
HERE, 2016, 53(8): 224-228.

HAO X J, ZHANG G F, ZAN Q B. Thermocouple Lime

constant test system and uncertainty analysis based on

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

semiconductor lasers [J]. Laser & Optoelectronics Prog-
ress, 2016, 53(8): 224-228. (in Chinese)

PARE, VR Lt R G b E] A4 T AN A
AERELT]. dHEHOR, 2004(1): 52-54.

LIANG Z G, SUN J Y. Measurement uncertainty of rise
time in linear measurement systems [J]. Measurement
Technique, 2004(1): 52-54. (in Chinese)
PR . 7 b TR ] ) N (T ].
A, 2006, 26(3): 43-45.

P B

LIANG Z G. The uncertainty of measurement evaluation
of rise time of square wave[J]. Metrology & Measurement
Technology, 2006, 26(3): 43-45. (in Chinese)
TR, GRARE, R, PR AR SR R R % BT
BT PEA LD ], THIEE AR, 2018, 38(S1): 139-143.
WANG Y T, LIANG Z G, WU Y H. Evaluation of rise
time in resistance strain data acquisition system[J]. Me-
trology & Measurement Technology, 2018, 38 (Supple-
ment 1): 139-143. (in Chinese)

TR, BREL, SRE . B Ry b T ] i AR
FEREHT SRR N s AR, 2016, 39(1) :
31-34.

KOU Q Y, ZHANG H, ZHANG L. Analysis and evalua-
tion of uncertainty of rise time measurement of digital oscil-
loscopes[J]. Electronic Measurement Technology, 2016,
39(1): 31-34. (in Chinese)

G E L BT AR P T R A I N
L] AR, 2012, 33(6) : 555-558.

LIANG Z G. The uncertainty evaluation of rise time ofdigi-
tal storage oscilloscopes [J]. Acta Metrologica Sinica,
2012, 33(6): 555-558. (in Chinese)

WA, 2R, IR . B b R E R AR
[J]. PHE A, 2009, 29(B9) : 40.

YANG J, LI C, ZHANG B Y. Preliminary exploration of
shock wave rise time evaluation method [J]. Metrology &
Measurement Technology, 2009, 29 (B9) : 40. (in Chi-
nese)

Zeok Az, WhoTEE, TR SO RSB BRI ) b TR
lia) v K RE Al 3 (0], AU SR AR 2= 4, 2022, 43(9) :
10-18.

LIY S, YAO ZJ, DING Y F. High-accuracy estimation
of the rise time of shock tube reflection step pressure [J].
Chinese Journal of Scientific Instrument, 2022, 43(9) :
10-18. (in Chinese)

SRR, TRB, T A, S fRRETS e 2 R



114 -

RESAHEE

202445 44 % % 140

[11]

[12]

[13]

RN 22 58 B & AN E B2 p (). T Bl , 2022,
43(9): 1122-1127.

SHI Z M, ZHANG S, SHI Y S, et al. Evaluation of the
uncertainty for the measurement ofsurface roughness by
lowmoise probing system [J]. Acta Metrologica Sinica,
2022, 43(9): 1122-1127. (in Chinese)

WZE, 2R, MR, A (R R & 0 B BRI 1 B H:
XF gl AR HE R R ] T AR, 2010, 30(6) -
7-10.

YANG J, LI C, ZHANG B 'Y, et al. Step response of low-
pass filter and its influence on dynamic calibration [1].
Metrology & Measurement Technology, 2010, 30(6): 7—
10. (in Chinese)

HIEE, BRE, R, 5. REE S REEINE A
i BE RS2 e A ()], A s e, 2021, 42(10) -
43-45.

HU X M, TONG C Q, WU Y C, et al. Analysis of influ-
ence of precision signal conditioning on temperature mea-
surement uncertainty [J]. Process Automation Instrumen-
tation, 2021, 42(10): 43-45. (in Chinese)

FMA, T MR ARG T ECE I A A
FEVESELT ], JerE2AAE, 2020, 40(17) 2 91-97.

XIN S J, DING L. Uncertainty evaluation of digital mean
Acta Op-

filter in temperature measurement system [J].

[14]

[15]

tica Sinica, 2020, 40(17): 91-97. (in Chinese)

Fhss . BUF R P s AR HERLR[T] TR,
2008, 28(S1): 90-91.

DU L. Dynamic calibration technology for digital oscillo-
scopes[J]. Metrology & Measurement Technology, 2008,
28(Supplement 1): 90-91. (in Chinese)

BEEE, e . —Fh G BR IR b TR ] A A
(1. 3HE A, 2008, 28(6): 13-15

LIANG Z G, MENG X F. The rise time evaluation of one
kind of negative step force[J]. Metrology & Measurement
Technology, 2008, 28(6): 13-15. (in Chinese)

(A4t X F4)

F—1EE: RN (1996—), 4, BhFf
TR, i, WS s AR
Tyt



