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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
ARZ(S) :( aR, j
AT,(s) ) \l+zs)’
where 1 is the time constant of the system, a= 6.89655x107*/°C is temperature coefficient of the
sensor, R, is the resistance at 0°C, AT_(s)is the change in temperature of the sensor and AR, (s)is the

change in the sensor resistance. Transfer function of Wheatstone bridge is

[AA@((SS))}&RTIIEV}

where V. the excitation voltage and R, is the general purpose resistor. Transfer function of amplifier

where R, R, are general purpose resistors and VO(S) is the output of amplifier. From these transfer

1S

functions the overall transfer function of the temperature measurement system derived as

[AV?(fs))J: [(nkrs)j’

aRV, R ,R . .
where k = ———2"—4—6_ " AT (5s)is the change in the process temperature.
R (R, +R,)
R5
' ut
LT 4%

Pt 1000 RTD AMPLIFIER -

I L
1=
v NORMAL LEAD WIRE
WHEAT STONE BRIDGE

HOT BATH

a)
ATp Sensor AT, SENSOL A8y | Wheatstone P SENSOr "
» - | - . L —
"l Eesistance EBridge

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] €, [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]

(Vo(s) Jz[[o.osmo 0.09002 ] 0

AT, (s) 1+[7.9 8.1]s

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 T2s) = 0.0524 T3(s) = 0.09002 T4(s) = 0.09002
(7.95+1) (8.1s+1)

HE= (8.1s+1)’ (7.9s+1)°

and the extreme points are shown in Fig. 2.

85 T T T T T

B4l .

g2r 1

B1r - L =1

79F L] » A

7.7

0 0.0z 004 0086 008 o1 012
K

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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Nominal(T4=0.07121/85+1)

Quitput in volts

Lower bound

G / | | | 1
0 10 20 30 40 50

Time in seconds

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.

85 L] T L T L
B4 B
83r 7
B2 -
t B1f Messstsessssel 7]
 EE R R RN NN
EEEEE BB EE LR
EEEELEBEELI LRSS
B' L I .
RN NN
 EE R R RN NN NN
EEEEEEBEE LA N
701+ [ EEE R R R R EERY | B
7B B
?? i i i i i
0 0.02 0.04 0.06 0.08 01 01z

K

Fig. 4. The scalar system chosen systematically.
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8r . * e . 4
. ® . .
79F * L] . A
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?-? 1 1 1 'l 1
0 0.02 0.04 0.08 0.08 01 012

K

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.

T5=0.08/8.055+1

Cutput in volts

Lower bound

0 i 1 1 1 1
0 10 20 30 40 50

Time in seconds

Fig. 6. The simulation of extreme systems with systematically selected systems.
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9 T T T T

8 =
Upper bound

T6=0.07/8.00s+1

Qutput in volts

Lower bound

1 1
0 10 20 30 40 50
Time in Seconds

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.
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