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Abstract: An uncertainty in temperature measurement system is analyzed by deriving the transfer 
function model using interval arithmetic. The measurement system uses Resistance Temperature 
Detector (RTD) as a sensor and the uncertainty assumed is structured one. Copyright © 2007 IFSA. 
 
Keywords: Uncertainty analysis, RTD, Interval arithmetic 
 
 
 
1. Introduction 
 
All measurements have some amount of uncertainty associated with them [1]. Uncertainty arises at 
every stage in the measurement system. Understanding the uncertainty within our predictions and 
decisions is at the heart of understanding the problem. Uncertainty analysis using Interval Arithmetic 
is more reliable, it does not use statistical methods, and it can handle simultaneously the uncertainty in 
more than one parameter [2, 3, 5]. Appropriate simulation techniques must be used in the case of 
uncertainty analysis. The prediction of the behavior of systems with incomplete knowledge is one of 
the hardest tasks of the system supervision because each one of those precise models has a different 
behavior. The way to deal with uncertainty depends on the available information (numeric, qualitative, 
etc.) and the future use of the results. There are many methods: qualitative, statistics, Monte Carlo, 
interval, error treatment, etc [4]. One way to represent structured uncertainty is by means of interval 
models. The behavior of the interval model can be represented by trees of behaviors or by envelopes 
[7]. 
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2. Experimental Setup 
 
Temperature measurement system using Pt-1000 as a sensor and its block diagram is shown in Fig. 1. 
The overall transfer function of the measurement system is derived as follows: Sensor transfer function 
is 
 
 ( )

( )
2

s

R s
T s

⎛ ⎞∆
⎜ ⎟⎜ ⎟∆⎝ ⎠

= 0

1
R

s
α
τ

⎛ ⎞
⎜ ⎟+⎝ ⎠

, 
 

 

where τ is the time constant of the system, α = 46.89655 10−× /˚C is temperature coefficient of the 
sensor, 0R is the resistance at 0˚C, ( )sT s∆ is the change in temperature of the sensor and ( )2R s∆ is the 
change in the sensor resistance. Transfer function of Wheatstone bridge is 
 
 ( )

( ) ( )
W in 4

2
2 4 2

V V Rs
R s R R

⎛ ⎞⎛ ⎞∆
= ⎜ ⎟⎜ ⎟⎜ ⎟ ⎜ ⎟∆ +⎝ ⎠ ⎝ ⎠

, 
 

 

where inV  the excitation voltage and 4R is the general purpose resistor. Transfer function of amplifier 
is 
 
 ( )

( )
0 6

W 5

V
 =

V
⎛ ⎞
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⎝ ⎠

s R
s R

, 
 

 

where 5R , 6R are general purpose resistors and ( )0V s is the output of amplifier. From these transfer 
functions the overall transfer function of the temperature measurement system derived as 
 
 ( )

( )
0V s
T s

⎛ ⎞
=⎜ ⎟⎜ ⎟∆⎝ ⎠

 
( )1

k
sτ

⎛ ⎞
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, 
 

 

where k = 
( )

0 4 6
2

5 4 2

R R ,
R R

inR V
R

α
−

+
 ( )T s∆ is the change in the process temperature. 

 
a) 

 
b) 

 
Fig. 1. Temperature measurement system using Pt-1000: experimental setup (a) and block diagram (b). 
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3. Uncertainty Analysis 
 
The tolerance level for the components used are, general-purpose resistors ± 1%, voltage source 
± 0.251%, temperature coefficient of the sensor ± 1% and time constant ± 1% [6]. With this tolerances 
general purpose resistors, excitation source, temperature coefficient of the sensor and the time constant 
are represented in interval form as [990 1010] Ω, [4.9925 5.0025] V, [0.000689 0.000690] per˚C and 
[7.9 8.1] respectively. The overall transfer function in interval form is [5] 
 
 ( )

( )
[ ]

[ ]
0V [0.05240   0.09002   

1+ 7.9   8.1F

s
T s s

⎛ ⎞
=⎜ ⎟⎜ ⎟∆⎝ ⎠

 (1)

 
Scalar system method proposed in [7] is the quantitative simulation technique based on interval 
arithmetic, which considers only systems with structured uncertainties. The family of systems for (1) is 
generated with extreme values. The transfer function of the extreme systems is 
 
 

( ) ( ) ( ) ( )
0.0524 0.0524 0.09002 0.090021( ) , 2( ) , 3( ) , 4( )
7.9 1 8.1 1 7.9 1 8.1 1

T s T s T s T s
s s s s

= = = =
+ + + +  

 
and the extreme points are shown in Fig. 2. 
 
 

 
 

Fig. 2. Extreme systems represented in the parameter space. 
 
 
The dynamics of the extreme and nominal systems are simulated using MATLAB by applying a step 
input with the amplitude of 90˚C for the duration of 50 seconds. The simulation results are given in 
Fig. 3. 
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Fig. 3. Simulation of extreme bounds and a nominal system. 
 
 
Therefore, the envelope obtained by simulating only the extreme systems is bounded and complete. 
Further to see the over bound and under bound systems belonging to the family, additional systems are 
chosen systematically by making a grid in parameter space as shown in Fig. 4 and randomly as shown 
in Fig. 5. 

 
 

 
 

Fig. 4. The scalar system chosen systematically. 
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Fig. 5. Scalar system chosen randomly. 
 
 
The simulations are carried out by selecting any scalar systems from the systematically generated 
space and randomly generated space. The responses are shown in Fig. 6 and 7. 
 
 

 
 

Fig. 6. The simulation of extreme systems with systematically selected systems. 
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Fig. 7. The simulation of extreme systems with randomly selected systems. 
 
 
4. Conclusion 
 
The use of interval method for uncertainty analysis in temperature measurement system gives an 
envelope that definitely includes all possibilities resulting from the full range of input uncertainty. This 
feature further provides a basis for considering coarsely specified parameters in design problems and 
for deriving decision margins that are completely verified. Also, an indication of sensitivities and 
robustness may be gained by evaluating the width of input and result intervals with respect to one 
another. 
 
 
References 
 
[1]. A. N. Michel, H. F. Sun, Analysis of Systems Subject to Parameter Uncertainties: Application of Interval 

Analysis, IEEE Proceedings, 1990, pp. 599-602. 
[2]. R E Moore, Methods and applications of Interval Analysis, SIAM, Philadelphia, 1979. 
[3]. Edward P. Oppenheimer, Anthony N. Michel, Application of Interval Analysis Techniques to Linear 

Systems: Part-I Fundamental Results, IEEE Transactions on Circuits and Systems, Vol. -35, No. 9, 1988, 
pp. 1129-1138. 

[4]. Claudio M. Rocco. S., Variability analysis of electronic systems: classical & interval methods, IEEE 
Proceedings Annual Reliability and Maintainability Symposium, 1997, pp. 188-192. 

[5]. L V Kolev, Interval methods for Circuit Analysis, World Scientific Publishing Co. Pvt. Ltd, Technical 
University of Sofia, Advanced Series on Circuits and Systems, Vol. 1, 1993. 

[6]. John P Bently, Principles of Measurement Systems, Pearson education, 3rd edition, 2003. 
[7]. Joaquim Armengol Llobet, Simulation of dynamical systems with structured uncertainty: An Overview, 

Institute of Informatical Applications, Unitat Deginyeria De Sistems Automatica, 1998. 
 

___________________ 
 
 
2007 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 



  SSeennssoorrss  &&  TTrraannssdduucceerrss  JJoouurrnnaall  

  
  

GGuuiiddee  ffoorr  CCoonnttrriibbuuttoorrss  
  

 
 
Aims and Scope 
 
Sensors & Transducers Journal (ISSN 1726- 5479) provides an advanced forum for the science and technology 
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and 
application specific papers, short notes, letters to Editor and sensors related books reviews as well as 
academic, practical and commercial information of interest to its readership. Because it is an open access, peer 
review international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high 
publicity. The journal is published monthly as twelve issues per annual by International Frequency Association 
(IFSA). In additional, some special sponsored and conference issues published annually.    
 
 
Topics Covered 
 
Contributions are invited on all aspects of research, development and application of the science and technology 
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to: 
  
• Physical, chemical and biosensors; 
• Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and transducers; 
• Theory, principles, effects, design, standardization and modeling; 
• Smart sensors and systems; 
• Sensor instrumentation; 
• Virtual instruments; 
• Sensors interfaces, buses and networks; 
• Signal processing; 
• Frequency (period, duty-cycle)-to-digital converters, ADC; 
• Technologies and materials; 
• Nanosensors; 
• Microsystems; 
• Applications. 
 
 
Submission of papers 
 
Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 6-14 
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word 
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript 
are available from the journal’s webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors 
must follow the instructions strictly when submitting their manuscripts.  
 
 
Advertising Information 
 
Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media kit: 
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2007.PDF 




