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Abstract — In this paper an integrated system for data reconciliation and gross error detection of the measurements in chem-
ical processes is suggested. With unit process models and physical property routines, the proposed system itself works as an
independent system. The proposed algorithm of data reconciliation is appropriate for the chemical processes that are consisted
of the set of nenlinear equations, Since this method takes advantage of the repeated caleulations-of the constraint equations
acquired by linear approximation, it improves the overall efficiency of the calculation. Also, the Point Test algorithm, which is
better than the Measurement Test in co-linearity, for gross error detection is also suggested. The performance of the proposed

system has been tested through a case study.
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Table 1. Criterion values for point test

Y ’ chi
0.05 2.450
0.1 2.156
0.2 1.831
0.3 1.626
0.4 1477
0.5 1.359
0.7 1.146
1.0 1.00
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Table 2. Non-equilibrinm flash condition

Flash feed conditdon
Flow rate(lbmol/hr} 1,000.0000
Temperature(R) 540.3000
Pressure(psia) 85.6500
Mole fraction Propane 0.6000
n-Butane 0.2000
n-Pentane 0.2000
Flash pressure(psiay 21.7600
Heat input(mmBtu/hr) -2.0332
Vaporization efficiency 0.8500
Table 3. Result of non-equilibrivin flash calculation
Product conditions
Liquid flow rate{lbmol/hr} T88.6831
Flash temperature(R) 468.1000
Moale fraction Propane 0.5205
n-Butane 02311
n-Pentane 0.2484
Vapor flow rate 211.3169
Mole fraction Propane 0.8965
n-Butane 0.0840
n-Pentane 0.0195




g 2dg olg4 Hels B 3 gross emor?] 77 667
Table 4. Comparison of the result with MacDonald and Howat's
Proposed Algorithm MacDonald & Howat
NGOOD DEVM DEVA STDDEVA NGOOD STDDEVA
1 F 66 43,785 23.907 31.428 68 30.000
2 Tr 35 1.477 1.290 1.712 62 1.8
3 P 64 3.683 2.739 2.846 - -
4 z, 90 0.054 0.009 0.013 86 0.014
5 zZ, 72 0.015 0.008 0.010 74 0.011
6 4 73 0.016 0.007 0.010 67 0.012
7 TFL 51 1.704 1616 1.978 44 1.8
8 PFL 51 0.928 0.924 1.080 60 1.088
9 Q 49 0.237 0.242 0.285 68 0291
10 0 - - 0.042 0.055 - 0.037
11 L 63 33.143 23.866 30,909 63 30.759
12 X 86 0.040 0.010 0.014 73 0.023
13 X 78 0.020 0.009 0.012 67 0012
14 X3 76 0.021 0.009 0.012 63 0.017
15 v 50 7752 7.986 10.343 67 8.664
16 A7 96 0.071 0.004 0.006 83 0.014
17 Vs 64 0.006 0.004 0.005 44 0.006
18 V3 74 0.002 0.001 0.001 48 0.002
Mean eff. ] 0.8477 0.85
Minimum 0.7307 0.71
Maximum 0.9889 0.99
Reduction of @ 54.85%
STDDEVA=Standard Deviation of Estimates. NGOOD(%)=Number of Estimations Better than Measured Values.
DEVM=Mean of Absolute Deviations of Measurements from True Values. DEVA=Mean of Absolute Deviations of Estimates from True Values.
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Table 6. Point test for the non-equilibrium flash problem
GR ERR. VARIABLE=%

ADDED GR SIZE=+92.42%
Point test

Z,  Zyu  ZplZ, STDDEV/STDDEVA
2Ty 31838 20869 1.5256 Gross Brror Detected 0.8393
9Q 19751 12472 1.5836  Gross Emor Detected 0.9266

LARGEST Zp, VAR. SUSPECTED=9
STDDEV=Standard Deviation of Measured Values

Zp/Zpc=1.5836

Table 7. Performance of measurement test for the flash problem

Measurement test oe=0.05

Accuracy of 0.25 X 05X 1.0 12X
measurements STDDEV STDDEV STDDEV STDDEV
Gross errors identified 72 68 48 39
Gross errors not detected 28 32 52 61
Wrong identiftcation 33 23 28 17
Selectivity* 0.686 0.747 0.640 0.696
Efficiency estimation

Mean (0.8232 0.8438 0.8374 0.8551

Minimum 0.0180 0.0919 0.2288 0.1731

Maxmum 1.5741 1.3897 1.4433 1.7420
Std. dev. of efficiency 0.030 0.040 0057 0.061

*Selectivity=No. of Gross Errors Identified{No. of Gross Errors Identified+
No. of Wrong Identification}

Table 8. Performance of point test for the flash problem

Point test &=0.05

Accuracy of 025X 05X JRARS 1.2%
measurements STDDEV STDDEV STDDEV STDDEV
Gross errors identified 82 70 46 32
Gross errors not detected 18 30 54 68
Wrong identification 16 15 29 14
Selectivity 0.837 8.24 0.613 0.696
Efficiency estimation

Mean 0.8363 (.8542 0.8914 0.8750

Minimum 0.1068 07661 0.0538 0.5678

Maxmum 1.4655 1.3863 26488 - 1.6082
Std. dev. of efficiency 0.027 (.039 0.062 0.068
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: number of constraint equations
: number of measurable variables
: number of unmeasured variables

covariance matrix of measurements

g 43 3 ~

: weight vector

x=vector of measurable values (mXx 1)
y=vector of unmeasured value (nX 1)
z=[xiy]

Z, :criterjon value for measurement test

z, :criterion value for point test

ol 2Xt

o level of significance

£ :measurement error

Y :the ratio of standard deviation of estimated value and measured
value

% :Lagrangian multiplier vector

& :standard deviation

AFE(A}
+ :measurement value
A :estimated or corrected value

T :matrix transpose

i :index in vector or matrix
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