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Abstract — The measured data in a utility plant have little consistency in both mass and energy balances due to random and
gross errors, Data Reconciliation tries to resolve this inconsistency in measured data. Gross Errors that include leak, miscal-
ibration of measurement instrumentation, and sensor malfunction should be detected and eliminated from the measured data.
Several methods for gross error detection such as Chi-square test, Measurement test, Constraint test, Maximum power test, and
Principal component test are compared and analyzed based on several cases in a utility plant. This arficle summarized the dis-

tinguishing features in every tests and proposed optimal processes for each tests.
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Fig. 1. Redundancy & Non-Redundancy.
(F1, F2, F3, F4: redundant flow; F5: pon-redundant flow)

7H Fig. 15 2¢ T9L Azls} ¥k Fl, F2, F3, Fd4= Re-
dundant3 stream®| 2.8 H|o[E] RA O ZEE] X, X, X5, X 7F BAAT
F5= Non-Redundant®t stream®]EE %, = y,7F FIEZ #347)71 ©
= sream® flowe: X,-y,= ALHETH

3. A &7 e B Yol MY

3.1, ChHBE &2 o 1 YgFol iy

Aapaeel s 2R 93 24, 24 A9 28, 4713 £
wE2a olsled PR £ LS B i EAe Bl 2T
oA o AA7A d8] 71A FAHQ PEol AXFHe fEw o
EEQ WHER st ot 2

3-1-1. Chi-square HI2E

Reillygh Carpani[1}= F412 ZHYO2 Chi-square testd |83t
Qr}, o] e BE FASL g T J o8 mAf AR
et 4 (g o] vERE 4 ok

rn=c¢'H'e ®

o= 73 e i Ante] Fiabelch #Rte] AF Hresidual
square sum)®) £kS°] sk ¥ FEY Chisquared] FEE THE
the 7S ol8sks WEes gol fol 449l Chi-square HIAE
FETh 2 A9 27 oxpl 4%k Agtei) o W A 2
o) HRure Dold B gxte] Al U R & F gtk

3-1-2. A|of =4 B £E

Reilly?} Capani[1}= zizhe] A2k 271e] R=ME 2 Aok 2712] 34}
o] gEgas Yro] Ak =7ie) v B BEE ezt

S
JHy

ez kAl AlkzAe] FAjel L Hy Fabe) FEAL ®Eel ozt
fio|th, 23 FEL AL BETF o|2rhe 7FE B Aok 274
@4 BE ke T geke freol aFe v B X g dlw
ged Hojd A £A A7t gE Aoz desith 4 Al
uldt AEst 93 BA Qe Ak ZAvE whEEig Ao] ket
T H7F nomsingularst= £ FLE17F A4 dA deldHE tE o
R ol Hhgolr),

3-13. 543 H=E

Mah®} Tamhane[21& #¢t 27 w9 FAlEH] 7t W] &4
27 3k alx—% measurement adjustment)E =73 BAR] a2 HTHEIE
o] F Fleg 27 g H2AEE Aoty

Z,,= —=-N(0,1) (10)

i

Loy = ~N{0,1) )

HWAHAK KONGHAK Vol. 38, No. 4, August, 2000



458 a1

aT IR Akl 534 z2AQgolm Q= 54 £3 zhe] FeAakel
wzk o)t} o] MhEe 23 W Zizk] WiE] g £ Y= 5
Ao] glovt do|Ele] A shAle] chdt Axst G AA dlelHAM
= @7} singulawrd & QlenE A doleel] H8% o EA47 A
71tk

3-1-4. Maximum Power B ~E

Almasy®} Sztano[3]E 3hte] EA x5 gopfed gl By
7128 7}7]E Masimum Power HIZES & 2|3t

271 al;

Zyy = ———=—t==~N(0, 1) (1)
JZ X,
a= 27 24 golZ Y9} Q= 27 g B Ao SR P
dlolgie] Azt folol g ARE LT
Crowe[4}= 918l 2l¢] t)gsle] zizhe} Aopzlel #8€ = 2=
Maximum Power A|2FZ7) HAES 7 olsfedrt

. H'e),
7 =( e ©);

e,

o= @A) T Hie 2] FEAoInh H' ol 32 Aol et A8
7b gle] 4 (1 PR AR shiel S eAE ZHsker Slo #
Y Aeg AR F 7 o] EA exjelalz ofd el o #
A5o) ol ATpA 2EIL Gl ZA delr] slo] FAHRG
YAelM TR wge) gl

3-1-5. Principal component (PC)HI=E

Crowe[5]:= PCASFHS o|&8te] AFZaHA»] EAsks HrEE A
A7 g WSER A8 £4 oA A X% 27
o) yPEshed 3.

~N(0, 1) (12)

Yei = (Wie),~N(0,1) (13

B y = principal component(PCYs® T451™ ZHzte] €4e) &
y,/& PC score@kBE olmlant. A8 ¥ AFE dehls Wie
Pl 2] loadingoll Bat H2) eigenvectorS 2 TAIHY A 87
o) THE ARE FEAE T A 13y AR dlelEi)) ek ME 4
#elA] g oy, 2 WEA Blolth Bl A scoredtel Rl T
o Wojtym Al (14)9) 7o % (contributiony2|oll 28] F dx) A2f
2764 o] e Fobd £ glet.

E= {we,i)fel j:L'"’ m (]4}

g=(g s 2, S ALIEW md: 7] =} (contributor)e] Felth THY

g 22 Holgh scorepioll A ki Ao 2o 2§ 7leEr} e

Ao wje Fobw 2 Aok el FA AP Ak FEY
PCS 4] (1519} 7ol Zow o] flowell 2& FHo] 7heshtt

Yo = (Waa);~N(0,1) (15)
o] el g3 71 E=AR 4 (169 Ut
gi~(wg )4 Fl..n (16)

PC HAEE A 347 giE PCe 28 &L sE=m A 2

spel Bota oj2)g wha] @ S ek

32, HEge| #HH J|&E

HAEs #3002 Bhdevhe avle 34 LA5 A3 HA140M
e 7z EH dS ovsich @l A flow dAET® 3
2 ek Yol o2 flowSox A exirt ST $EE)

iatael X3sH H4Z 200041 83

HEE

3
26 sl b
8 ﬁ Lo
]
v
[
10
Y
Ly

1~24: Redundant Flow
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33~35! Solvable Flow

Fig. 2. A schematic diagram for a utility plant.
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Fig. 3. Case 1: One small gross error in a constraint,
(11™ constraint; $15, $20: 15%, 20 stream)

Table 1. Case 1: One small gross error in a constraint

Chi-square method Exist

Measurement test No gross error

Constraint test 11

MP flow test 1520
MP constraint test 11
PC flow test No gross error

PC constraint test No gross error
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Fig. 4. Comparison of the sensitivity of flow tests.
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Fig. 5. Case 2: One mediwm gross error in a constraint.
(I1™ constraint; $15, §20: 15, 20" stream)

Table 2. Case 2: One medium gross error in a constraint

Chi-square method Exist
Measurement test 15 20
Constraint test i1
MF flow test ' 15 20
MP constraint test 11
PC flow test 15 20
PC constraint test 11
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Fig. 6. Case 3: One large gross error in a constraint.
(11" constraint; $15, 520: 159, 20™ stream)

Table 3. Case 3: One large gross error in a constraint
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Fig. 7. Case 4: Two gross errors in two constraints,
(9% constraint; §3, 85, 513, §12: 3%, 5™, 12%, 13™ stream 11" con-
straint; $15, §20: 15% 20% stream)

Table 4. Case 4: Two gross errors in two constraints

Chi-square method Exist Chi-square method Exist
Measurement test 2,3,4,5,13,15,16,17,18,19,20,21,22,23,24 Measurement test 121520
Constraint test 1 11 Constraint test 911

MP flow test 1,3,4,6,7,9,10,12,13,15,16,19,20,23 MP flow test 912141517

MP constraint test 2,3,4,5,7,9,10,11,12,13,14,15 MP constraint test 1367911121314 15
PC flow test 15 20 PC flow test 121520

PC constraint test 1 1 PC constraint test 911

siakzet M3sd M43 200049 88
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Fig. 8. Case 5: Three gross errors in a constraint.
(9™ constraint; S3, $3, $12, $13: 3, 5%, 127, 13™ stream)

Table 5. Case 5: Three gross errors in a constraint

Chi-square method Exist
Measurement test 2351221
Constraint test 679

MP flow test 135712141723
MP constraint test 39111314
PC flow test 3512

PC constraint test 9(very big contribution value)
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a - vector of adjustments to measured component flow rates
: balance matrix of process(m*n)
B, : columns of B corresponding to measured flow rates
B, : columns of B corresponding to fixed flow rates
B, : columns of B corresponding to unmeasured flow rates
X : vector of flow measurement
X : vector of reconciled value
e : vector of imbalance
H : covariance of e
Z,¥ . unit normal variate, scalar or vector
Q : covariance of adjustment
w,, :ith eigenvector of H,
azjo[x 2Xt
b : covariance of X
anes
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