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Abstract 
Robustness estimation is important issue to ensure stability, reliability, and precision of Wireless 

MEMS vibration test under harsh environment stressing. Although the robustness of vibration test is limited 
mainly by the embedded electronics and sensors, how to obtain precise and robust data by using energy 
effective and resources constrained wireless sensor nodes is still a problem. Paper uses the multivariate 
uncertainty statistics method to estimate robustness of online test data under harsh environment, and uses 
Fisher information distance to estimate transmitting robustness in its complication communication process. 
Experiments and simulation are designed to analyze the robustness and precise of wireless MEMS nodes 
in numerical value, results show estimation methods and model are effective.  
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1. Introduction 

Measuring vibration is very essential in detecting and diagnosing any deviation from 
normal conditions. The advantage of MEMS accelerometers from conventional piezoelectric 
accelerometers are their size, easy installation, cost and so on. 

In life cycle analysis, there are some qualitative experiments results for MEMS 
accelerometers in normal and harsh work situation. Ron Denton reported reliability results on 
MEMS accelerometers from field failure experience, the MTBF being around 2,000,000 hours 
(around 5*10-7h-1 for an exponential distribution of failures) [1]. Andover reported a failure rate 
of 1.75 ppm for MEMS accelerometers manufactured by MEMSIC [2].These results show that 
MEMS accelerometers are high reliability devices, with low failure rate. There have been 
several studies [3-6] addressing this issue for irradiation. COTS accelerometers have been 
shown to survive 1000 temperature cycles from -65°C to +150°C, as well as 30,000 mechanical 
shocks of 2,000G. But there are not enough test and analysis of its robustness. 

 Meanwhile, the MEMS sensors hold a great promise for the using of wireless smart 
vibration measurement based condition monitoring [7-14]. The robustness of the calibration 
procedure under harsh environment is crucial for the potential practical use of multi-sensor and 
single sensor devices.  MEMS accelerometers applied in the paper are capacitive based MEMS 
accelerometers, it measure changes of the capacitance between a proof mass and a fixed 
conductive electrode separated by a narrow gap [15].  

As the MEMS sensors of embedded electronics have two compensation means under 
harsh environment. One is environment compensation (system error); the other is noise signal 
filter which is stressed by harsh environment (random error and uncertainty). The paper is 
focused on the second problem. Robust statistic is shown to be useful to deal with the uncertain 
data in normal environment [16-20]. Based on this, paper supposes that the collect data under 
harsh environment contain "information” of test data. And the fisher information matrix and 
Cramer-Rao lower bound are applied to analyze robustness and precise of vibration sensor 
[21].  

This paper addresses the problem of robustness estimation of wireless MEMS sensor 
working under harsh environment. In section II, The formulation of problem is introduced. In 
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section III, the simulation method, experiment results and discussion will be present. In section 
IV, the conclusion is given. 
 
 
2. Problem Formulation 

There are two main problems in robustness analysis of wireless sensors under harsh 
environment (as shown in Figure 1). One is missing data processing in communication layer; 
the other is robust uncertainty analysis under harsh environment in physic layer. 

 
 

 
Figure 1. Two Layers of Wireless Vibration Sensor Robustness Analysis 

 
 

2.1. Robust Estimation Problem of Vibration Test under Harsh Environment 
The vibration signal model under harsh environment is shown as formula (1): 
 

,...),,(',...),,()(1 HTtfHTtft  (1) 

 
f(t,T,H,…) is certain test signal, f’ (t,T, H,…) is uncertain signal come from harsh 

environment. Here Γ1(t) means only test vibration value, have  not tested temperature, humidity, 
and other environment influence parameters. 

In the test scenario, we test vibration, temperature, humidity and so on simultaneously, 
obtain Γ2(t,T,H,…) from formula (2).  

 

,...),,(',...),,(,...),,(2 HTtfHTtfHTt  (2) 

 
To simplify the problem, here Suppose Γ2(t,T,H,…) has an empirical distribution, the 

qualitative robustness is essentially equivalent to weak continuity of Γ. As describe in formula 
(3)-(5). 

Many of the most common test statistics and estimators depend on the sample (x 1. . . x 
n,) only through the empirical distribution function. 

 


ixn n 1

 (3) 

Where ix stands for the pointmass 1 at x. That is, 
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If the limit in probability exists: 
 

)(lim)( n
n

FF 
  

(5) 

 
Then Γ is Fisher consistent, or (asymptotic robustness). Let: 
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Then Cramer-Rao inequality is: 
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Where I is Fisher information [21], ‘p’ is distribution of ‘a’. 
For Γ2 (t, T, H,…) has native component of uncertainty f’ (t, T, H,…), the robust 

estimation problem of vibration test under harsh environment is multivariate uncertainty robust 
statistics problem. 

 
 2.2. Robust Estimation Problem of Wireless Data Transmitting under Harsh Environment 

In network transmitting, there are packet losing rate owing to attacks, environment 
influence, end of battery power and so on. 

In the paper, wireless sensors losing packet stochastic processing is supposed to be 
Poisson processing.  

The paper focuses on two robust estimation problems. One is robust estimations 
occurred in uncertainty different deployment place, the other is robust precise estimations of 
10% uncertainty connectivity (or packet losing rate) in one node.  

 In the first situation, Fisher information distance D is defined to present different 
deployment status. As shown in formula (8). 
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(8) 

 
Suppose data transmitting probability of nodes in different deployment place is similar, 

the Kullback Leibler divergence is half of Fisher information distance. 
 

),(),(),( 122121 ppDppDppD KLKLF   (9) 

 
In the second situation, the location of missing data is defined to describe the 

relationship between precise (or CRLB) with missing data. Then: 
 

cbCRLBn
n
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(10) 

 
b is location of missing data, n is number of transmitting data, c is const. 

 
 

3. Methods and Simulation Analysis  
To solve problems in section II, two hypotheses are introduced firstly, and then the 

robust uncertainty analysis of vibration test is proposed and simulated, in the end, based on the 
noisy uncertain signal model, robust estimation problem of wireless data transmitting is 
analyzed and simulated.  

  Hypotheses 1: the Packets losing during one period under uncertain interface is the 
Poisson stochastic process; and the Packets losing in different deployment is also the Poisson 
stochastic process.  

Hypotheses 2: Harsh degree, or different environment information contain native test 
error information in Fisher information inequality. For example, the same MEMS chip, 
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uncertainty and deviation of COS application have smaller value than it of industrial application; 
uncertainty and deviation of industrial application have smaller value than it of automotive 
electronics; and uncertainty of automotive application has smaller value than it of harsh 
applications.   

 
3.1. The Vibration Test Design and Robustness Analysis under Harsh Environment 

The first test is to verify the vibration signal model. Here we test vibration in different 
temperature, humidity, and in different place. Table 1 is temperature test data, Figure 2 shown 
test in hydroelectric station. 

Table 1 presents test value of two MEMS vibration sensors in normal (20 º) and cold (-
10º) temperature.  

The first test is to verify the vibration signal model. Here we test vibration in different 
temperature, humidity, and in different place. Table 1 is temperature test data, fig.2 shown test 
in hydroelectric station. 

Table 1 presents test value of two MEMS vibration sensors in normal (20 º) and cold (-
10º) temperature.  

So it is reasonable to use follow uncertain signal model under harsh environment like 
(3). 

 
Table 1. Test Value of Two MEMS Vibration Sensors in Normal (20 º) and cold (-10º) 

Temperature 
 x y z notes 
Normal temperature- 
node No1 

0.00g 0.06g 0.88g  
Rate 1/20 Rate 1/4 Rate 1/4 Vary data/all data 
Change 0.01g Change 0.01g Change 0.01g Max-min value 

Normal temperature- 
node No2 

0.05g 0.02g 0.92  
Rate 1/1.5 Rate 1/1.5 Rate 1/1.5 Vary data/all data 
Change 0.05g Change 0.02g Change 0.08g Max-min value 

Cold temperature- 
node No1 

0.01g 0.13g 0.92g  
Rate 1/20 Rate 1/4 Rate 1/4 Vary data/all data 
Change 0.01g Change 0.01g Change 0.02g Max-min value 

Cold temperature- 
node No2 

0.12g 0.16g 0.95  
Rate 1/1.5 Rate 1/1.5 Rate 1/1.5 Vary data/all data 
Vary 0.1g Vary 0.08g 0.08g Max-min value 

 
 

 
 

Figure 2. Wireless vibration MEMS sensors in fields 
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As the chance (or variety) measure is sub additive. That is, for any countable sequence 

of events ,..., 21  , then have: 
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Method 1: multivariate uncertainty robust statistics problem in worst case analysis, the 
every environment influence factor other than temperature, robust estimation can use formula 
(12), and meanwhile the resolving capability of robust statistics is inversely proportional to the 
harsh degree. 

The simulation of method 1 is use (13) as normal robust statistics, use (11) as in robust 
harsh statistics. as shown in Figure 2 
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(a) An example resolving capability of robust 

statistics in normal environment 

 
(b) An example resolving capability of robust 

statistics in harsh environment 
 

Figure 3. (a)  An example resolving capability of robust statistics in normal environment; (b) An 
example resolving capability of robust statistics in harsh environment 

 
The CRLB of (13) had been proved to be (14): 
 

GCRLGCRLBc )21(   (14) 
 
Theory 1: the CRLBc’ of uncertain signal model under harsh environment  have value 

as shown in (15). 
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The formula (17) is true only ̂  is asymptotic unbiased estimation. 
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So the CRLBc’ of uncertain signal model under harsh environment have value as 

shown in (15), the )'....'( 22
1 n  is come from )(2 b  

Method 2: multivariate uncertainty robust statistics problem in uncertain analysis tools. 
Multivariate data analysis can include a large number of measured variables, even 

some variables overlap (it might be dependent). As shown in Figure 4. 
 

 
Figure 4. Factor Analysis in Multivariate Data Process 

 
 
3.2. The Transmitting Data Test Design and Robustness Analysis under Harsh 
Environment 

In test design, first is testing communication influenced by environment, for temperature 
influence the communication had been tested in research before, irradiation influence  
communication had been tested [27] (as shown in Figure5 ). Second is testing in communication 
protocol, how much packet loss rate can be accepted. Results show 10% packet loss rate is 
reasonable. 

 

 
 

Figure 5. The Relationship between Nuclear Irradiation and Received Signal Strength at 
Different Frequency 
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Method 1: as periodic data has infinity number, so have Equation (19). 
 

cbCRLBn )(  (19) 

 
Suppose the Packets losing during one period under uncertain interface is the Poisson 

stochastic process; and the Packets losing in different deployment is also the Poisson 
stochastic process.  

And suppose all acquired data transmit to the receiver. 
Then use (13) as normal signal, (11) as robust signal, Figure 5 show Possion missing 

data is almost random, and the missing data increase uncertainty, the mean value almost has 
no change. 

Method 2: Basically, Fisher information distance D (8)-(9) has similar meaning with 
cluster analysis of uncertain data (or to do cross-validation). 

As shown in paper [28], reliable estimations of classifier accuracy using cross-validation 
techniques and finite-size data samples shows: the more accurate is a model induced from a 
small amount of real-world data, the less reliable are the values of simultaneously measured 
cross-validation estimates.  

 

 
 

Figure 6. The Relationship between Robust Missing Signal and its Mean Value 
 

 
4. Conclusion 

This paper presents robustness analysis of wireless MEMS vibration sensors under 
harsh environment. In sensing layer,the robust uncertainty analysis of sensor shows the statistic 
resolution of test data is inverse proportional to the harsh degree, and the Fisher information is 
a function with harsh environment status. In communication layer, the mean value of test data 
influenced by Possion missing data is almost random, and the more missing data number 
increases the uncertainty value of test data, but the mean value has almost no change. It is also 
shown that Fisher information distance D has similar meaning with cluster analysis of uncertain 
data. 
 
 
Acknowledgements 

This article is supported by “China-Canada Joint Research Project” (project number: 
2009DFA12100) and Major Project of Education Department in Sichan (13Z204). For support, 
contributions to discuss we would like to thank the rest of MCC (mobile computer center) of 
UESTC. 
 
 
References 
[1] Denton R. Sensor reliability impact on predictive maintenance program costs. Wilcoxon Research 

Report, http://www.wilcoxon.com/knowdesk/WPMTBF.pdf.  



                       ISSN: 2302-4046 
           

 TELKOMNIKA Vol. 12, No. 11, November 2014:  7697 – 7704 

7704

[2] Andover NDS. Ingegneria selects MEMSIC's thermal accelerometer for use in their OEM vehicle anti-
theft systems. Broadband Technology Ltd. Report. 2004. 

[3] Schanwald LP, et al. Radiation effects on surface micromachined comb drives and microengines, 
IEEE Transactions on Nuclear Science.1998; 45(6): 2789–2798. 

[4] Edmonds L, et al. Radiation Response of a MEMS Accelerometer: an Electrostatic Force. IEEE 
Transactions on Nuclear Science.  1998; 45(6): 2779-2788. 

[5] Lee CI, et al. Total Dose Effects on Microelectromechanical Systems (MEMS): Accelerometers. IEEE 
Transactions on Nuclear Science.1996; 43(6): 3127-3132. 

[6] McClure S, et al. Radiation Effects in Micro-Electromechanical Systems (MEMS): RF Relays IEEE 
Transactions on Nuclear Science. 2002; 49(6): 3197-3202 

[7] Xie H, Fedder G. CMOS z-axis capacitive accelerometer with comb-finger sensing. IEEE Micro 
Electro Mechanical Systems (MEMS). Miyazaki. 2000: 496-501  

[8] Liu C, Kenny TW. A high-precision, wide-bandwidth micromachined tunneling accelerometer. J. 
Microelectromech. Syst. 2001;10(3): 425-433.  

[9] Li GZ, Sui L, Shi GC. Study on the Linearly Range of S-Shaped MEMS Planar Micro-spring. 
Telkomnika. 2012; DOI: 10.11591/telkomnika.v10i6.1427 

[10] Sinha J. On Standardisation of Accelerometers procedure for accelerometer. Journal of Sound and 
Vibration .2005; 286(2005): 417-427.  

[11] Doscher J. Monitoring machine vibration with micromachined accelerometers. Sensors. 1997; 14(5): 
33-38.  

[12] Yoon SW, Lee S, Najafi K, Vibration-induced errors in MEMS tuning fork gyroscopes. Sensors and 
Actuators A: Physical. 2012; 180(0): 32–44.  

[13] TG Brown, Harsh Military Environments and Microelectromechanical (MEMS) Devices. IEEE Sensors. 
2003; 2: 753–760.  

[14] Patel C, McCluskey P. Performance Degradation of the MEMS Vibratory Gyroscope under Higher 
Stresses. The Proceedings of the ASME 2011 International Mechanical Engineering Congress & 
Exposition IMECE2011, Colorado. 2011.  

[15] Stauffer JM, Standard MEMS capacitive accelerometers for harsh environment. Proceedings of 
CANEUS 2006. Toulouse. 2006. 

[16] Barnett V, Lewis T. Outliers in Statistical Data. New York: John Wiley & Sons 1994.  
[17] Chen N, Yang SP, Pan CZ. Application of Fault Detection based on Hybrid Intelligent Methods. 

Telkomnika. 2012; DOI:10.11591/telkomnika.v10i8.1634. 
[18] Smyth P. Markov Monitoring with Unknown States. IEEE Journal on Selected Areas in 

Communications, special issue on intelligent signal processing for communications. 1994; 12(9): 
1600–1612.   

[19] Subramaniam S, Palpanas T, Papadopoulos D, Kalogeraki V, Gunopulos D. Online outlier detection in 
sensor data using non-parametric models. 32nd international conference on Very large data bases. 
Seoul. 2006: 187-198. 

[20] Knorr EM, Ng RT.Finding intensional knowledge of distance-based outliers. In VLDB ’99.San 
Francisco.1999: 211-222. 

[21] Frieden BR, Robert A, Kalogeraki G, Gunopulos D. Exploratory Data Analysis Using Fisher 
Information. London: Springer-Verlag London Limited. 2007. 

[22] Carin L, Richard GB, Cevher V, Dunson D, Michael IJ, Sapiro G, Michael BW. Learning low-
dimensional signal model-A Bayesian approach based on incomplete measurements. IEEE Signal 
processing magzine. 2011; 28(2): 39-51. 

[23] Cande`s E, Romberg J, Tao T. Signal recovery from incomplete and inaccurate measurements. 
Commun. Pure Appl. Math. 2005; 59: 1207–1223. 

[24] Chen M, Silva J, Paisley J, Wang C, Dunson D, Carin L. Compressive sensing on manifolds using a 
nonparametric mixture of factor analyzers: Algorithm and performance bounds. IEEE Trans. Signal 
Processing. 2010; 58(12): 6140 - 6155 

[25] Cole J. How to deal with missing data. In: Osborne JW. Editor. Best practices in quantitative methods 
Thousand Oaks, CA: Sage. 2008: 214–238. 

[26] Szücs Z, Nagy G, Hodossy S, Rencz M, Poppe A. Vibration combined high temperature cycle tests for 
Capacitive MEMS Accelemeters.13th International Workshop on Thermal Investigation of ICs and 
Systems. Budapest. 2007: 215 – 219. 

[27] Li L, Wang Q, Bari A, Deng C, Chen D, Jiang J, Alexander Q, Sur B. Field test of wireless sensor 
network in the nuclear environment,to appear in AECL REVIEW. 2014. 

[28] Last M. The Uncertainty Principle of Cross-Validation. IEEE International Conference on Granular 
Computing. 2006: 275 - 280 

 
 
 
 


