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TindTproc

reacting gas-solid 
mixture,

p.e. coal and limestone 
at 900°C

non-reacting air 
bubbles 

(exceeding air)

thermocouple

protective 
sheath
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Operação de reatores de leito fluidizado:

Indicated temperature signal is 
smoothed and distorted due to the 
protective cover

binary process temperature signal is 
necessary to determine residence times 

and other granulometric parameters
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direct and inverse problems

process signal
physical interaction 

between the probe and 
the flow

indicated signal

direct problem

inverse problem

a microcontroller can be used to reconstruct

the process signal from the indicated signal
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probeprocess 
signal

indicated

microcontroller

inverse model and 
regularization 

method

reconstructed

process signal

principle of operation

signal

the inverse model and all necessary regularization

procedures must fit into the microcontroller’s memory
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transduction models
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unconditioned solution of the inverse problem
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synthetic data: 

process temperature is a square wave between 900 and 1000 K

indicated temperature is corrupted with 0.01 K random noise

reconstructed temperature has a noise level of 25 K approximately !
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conditioned solution of the inverse problem

where a0 and a1 are respectively the first and the second coefficients of the 
least square polynomial adjusting the last M+1 temperature measurements

last M+1 pointsTind,n

n (time)x

...2,1,0=x,xa+...+xa+xa+a=)x(T N
N

2
210ind

n,ind0 T=a

dt

dT
ta n,ind

1 −=

)TT(
dt
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TT ind
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indproc −γ−τ+= ∞ )aT(aaT n,0n,1n,0proc −γ−τ−= ∞
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a0 and a1 are calculated according with:

obs.:  wk are convenient weighting coefficients

pode ser calculada 
previamente porque não 

depende dos valores de Tind
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number of adjusted temperature measurements = 10
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number of adjusted temperature measurements = 60
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number of adjusted temperature measurements = 300

, ��������
�������-�.
�/���������0
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�

cold air

sheathed
thermocouple

PXI-6025E
daq board

PXI-8176
Pentium III

30 Hz

  time

temperature

controlable
power source

PC fan
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143.397.68*100.941.5289.82kurtosis (K4)

-17.27-14.68-13.08*-3.130-12.53skewness (K3)

2.3682.213*2.3071.8812.126std. deviation (K)

318.3318.6317.9*317.2317.6mean (K)

M+1 = 60M+1 = 45M+1 = 25M+1 = 3

Tproc (eq. 13)
Trefstatistical moment

statistical analysis of the difference between the reference and the 
reconstructed signals

they are statistically equivalent within ± 6.9 K confidence interval (± 2.2%) 
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