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% -EY« "% ‘\3’/{9;@\'3 l\a‘

— TRAAREEMRL %——ACH

REOMESZHFRABR, S FURLBAFSHETRCAGE
REMALRBHERRE R, &% 4o 2P 473t H 42 X (Heat balance
program) ~ % zh M 4t & & & B] 4 4 (Performance monitoring
system) -~ # 4 5& 1£ 41 3% 3 4 % (Unit optimization advisory
system) A B £ K % # (Expert system) % %, B2 4% A BN E
K: LEABROWMARE, AASNGRA A 4 LT ERRER
FREETH AR REER, pREPBARBEHRLZ FEHME S, B
HERBOEROBE I T EHOREN, L5 HRLMEREHEY
RR e

TRAE AR R EMR A 4 ACM (Advanced Calibration Monitor)
#£ B PCS, Inc. (Performance Consulting Service )Fr B4 2 & &b,
BRATC LR RANEFIENRAECHEL KN TR, HBR TR,
T E%), PR R B PR T AL BR RIRR, E R &
RERER:

B A THEIBERALRBE T I M EHEAE NS NEIE.
(SR A A 4% o APHEX RAMELREN L2 % %
HEEILRNASL FFRLG BHEAAEE - ]

B TEARAEGHEMNKE FEANEAZIARR REEAELHHE
BREHYERNRERER -



(1) ACM &4 3 i B AEH
ACMA s fezxst L AH AT &85 56

® 4% 7 4% 3% 188 (Fault detection)

* #H A #4%A (Data validation)

* M A#IEBE (Data filtering)

* ¥ (Dynamic alarm handling)

e s (Instrument calibration monitoring)

® HEMBEZARANERMEEL (Provides early warning of

problems with plant instruments and equipment)

* gRlBeESRiFsrcHkal (Detects specific plant

instruments that have drifted or failed)

® MBI EKERIEHE (Quantifies the amount of

instrument drift)

® AP sFTWH BRI EEYH KA (Provides accurate

replacement values for faulted instruments)
® s ARG E2z4 7 (ldentifies instruments that

require attention during outage)

®  wsphiRfs R BGEME R (Assesses overall plant health and

operating conditions. )

@dh rinh i AMALTRELZHBEERXTIERER
i FEARE S R A




® Bk BT EIEWHA (Provides Accurate and Reliable
Data Validation)

® xzzpmAEmFEA (Does Not Require Complex Process
Models)

® itz A E3Ee1Ew (Increases Confidence in Process
Data)

® TAMBEAE:
» ez (Validating Test Data)
» SEimiEE# (Diagnosing Shifts in Unit Operation)
» j2 4t P A 44 BB K14 (Providing Replacement Values)
» MR K 2 & 2 1% B4 & (Decreasing Needless Calibration)

» 35 b M 47 2 4R & & (Pinpointing Needed Calibration)

(2) ACM &4 B /E 2 F
AAMTACMSS EHRZ A, BREL4NA S D 2 (variables),

B— A% ENME AAME T TR AL AREFLARBEALY, &
AL ELTHRANOESBEGREN, SHMETERABE R
Ao A, R B EHBEBE T UBRMLRE A —EHEER 69
% ¢ 42 (performance curve), &4 A& M sbak A8 dh SR R AT ]3], A
HRAGRELZ24NOEHNEHBAIKARTHRBEINZRKTA
BENLUE T 2, RALACHSY B 2 F B &+ A ZAETHH:



a. £ A SEEEHEE R EHIRME.
b. @ MK AHHBEHR B S A HHAEDHRA UKL 4 EHIKE,
C. RHEREA A RER A BT MR BAITHH -

T

Output Data

Select
Nearest g on[nputte
eighbor simates

Nearest Neighbor
Data Record

Bl — ACM % a9 EH £ F

Wwh — ACMA 4 ENFRAETEER, My B —ES B2
FRATICE Y BiF 4 IR #4 A 5 4 #3E 255 (a set of reference data
records),f£ —# 5 ¥ & B B A R B — @B, Aok T EEN
HERE -~ BA - REFHHERB, ML HB A b 58T
FE R B M Bk # R o983 ("good” data), A R#EMASE L

9



5% (the Input Data Record) /8 #47 %W BH 2 M B 24 Bl
S48 B bb 8 WA R F — B 5 4 3 49 #7 31 42.4% (Nearest Neighbor Records).
AR RIB LB sk, ASE BB LEE T RATEMBMASE
454, & EiiEieyE g Lik(Nearest Neighbor Records) # R ¢4
AN AR T B AT REEG P EEE(recognition matrix) R
#5 @ ( the performance surface), ##ERA R ERBA ARG
4 #4% (Output Data Record), Bp A7 i@kt % fcfv B AT 69 4R 2k
WRE AR ATER, B ETAUHES —EARAANHR
BB, M R SR 4k R R ) B oy B 25 ACM 57 #f sbAg A it
#ATEe8F X, AMR IR A — AN P01 Z B A DB E R AR
FegAB LU, 1" RE T DB L, "0"REXDRIBE B 25k o

(B) ACMEEBFHEAZIES

AMA %A — BT ACRERMEKEZ B HHERE — 2550
FHWAGRRBIESTAER, @A TRKREHERGHEK
R B —. ACM#L B ¥ # & (conventional models)z # & ff %,
AMAS B BEAEBAZEF AU NEBEFURLRE
(pre-process), Fr & 18 N\ 33 & 18 # P 873 5 2 X (Heat
balance program) - #k ) M £ i 4 & A %4 % (Performance
monitoring system) -~ 448 % & 1t 3% 34 % % (Unit optimization
advisory system)&R £ % % # (Expert system) % 2#T F 9 -

o b HNER RMBANERRRABABB R EL RS T £
BT, BABTER AR -SRI/ REHE - FERBERE
BRECRHE -

10



—) —
4 ACM mmm)p |Conventional| | memmmp
—) mmp | Model
Plant Validated Heat Rate,
Data Data Efficiency,

Use ACM for data passed to: efc..

1 Heat balance program

2 Performance monitoring system
3.Unit optimization advisory system
4 Expert system

5.Control system

B —. ACM £ 18 % 4% & (conventional models) % &

(5) ACM £ E Az F& A
RFEHERGIAAANNALERTERZEARRA

B R E R B ES (Drifting siganal)

WwE =7, ERTRELEEREAMNA AR ELATIEZ #
BOBREAKOREG R AABEAMESFHZSL Evads s
SAHTHRGRABIE, B & dRAREAN nodel 48 # ¢ 7R $3f -

WRABEE-HTBRRA(E)d R, X Fa ACM model #9788
BHR(E GO D NETARTFRE L ERGEER, AR
RES(WwEZ DR FEMBLAR G- RARE (LESR)TRL
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BEAEZRBOrfORL, MRATFEAGH P QAT & dg RITF
HESEANRTA HAM nodel B ARBH kB A & BEHTRARIE
A o

Muded Trond S
Y Heater betraninn 1emperatme
M0 4
g PR O .
A( - ,,T‘“:\?"‘" e . s S i,
= ot P :
HEY red o |
; g
! g
Man ‘
¢
ey
-
@320 o
mu n TR R R R VRS S
M45ME1 78T 2014612771738

B =.ACM model # R B4 B Mk Z#4Drifting signal)

B ACMey S B & T RAE
ERFAERANSRREZIMNRE AR ERERT EANE
AEH AL N, EANRTREZRBARE S EIHAER, »
% 2 88418 £ (absolute deviation), & % tb48 £ (percent
deviation), A4%#%1% £ (standard difference)% -
DHEBREBAMSG S RETA T, ERLHBETURETRME
BAMHRBEZ R AFHBERTAS BEUNEFEG LB ENEE
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RERAMS FRREAZ R ERBIBEILRIELER, BEARE
BRI SR EL B o AMASHEER-REBBRAET
A, FIR LT ETRE R GRH]BEL B LBEN XEAN, L F
HEFHANT R THRERORTHE -

KB FTABRED, & ERNESREE L TRAEFAME &
CHBLERGER AR ERMECEE L2 Drifting) R &,
EEOAMBERRAETHREREER A RMERER -

Model Trend Plat
“C" Heater Extraction Temperature
1400

i / ™ Fe !
q Y i ‘,é \ lﬁ WJW . K?rfl

. & |
y F y ‘ s b

e fr!“ﬂ ‘“ﬁ {fﬂ W N
f !\g_\ H{J L
1 "y

el

692.0 ,,.r%fﬂ

680.0

OL45:00 122193 10 M2 12N
B w. ACM a9 8 & %57
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B ACME 22 & T o433k

HAEFHRRTRELRAA ABGERNE BATUERE
AR FERTE - LBFHNEFEERL TR EES M
FAEOBERAINRERAAREN A &, WAZAMTASTI . E
C kit % 2 3648 & (the heater extraction temperature) %
¥ii % % 698 & (the crossover temperature) J§#f s Est L& 2 4 4
KRB, Zho b B E(IP turbine efficiency) ~ /8B A4 %
% ( LP turbine efficiency) ~ % CAKmBM BN T, RBEHFH K
R AMBAEBEPT performance) ¥ 43+ H 24 % 2 X REHHA
¥ EIERFEE, MEHMFSMEN RN R RE R E T
BEBBLELHAE -

Modal Trend Plgt
“C" Heater Extraction Temperature

M0+

780 | T e
ot 1 A T
A il A 4 )

7160 | 5 Yoo N 4.0
P LN ’
j %f‘-.,, /}

040 !

6320

680.0 —

014500 12/21/93 to 200420 122193

B A, ACH & 32 & Feh ik
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THGBHEEHEA T ACHNA S8 T RIEH 54k, ACH & %
FAET AW H A PSRRI E BE A E PR e RAIR AR
BT HREROBRE, BsbitH+ o THREBLR M EE B 4
B EHNAGARERABARREA -

B ACM &3 X & 893R3%

WEXNAR A —RAEEREELNRRMEAEZ R —BNR, B
b ACM 2 &~T B R AR RIF AR, B8 A P BRRIRS — S B R
HERE ARTHOBERANEER AL BHALRRER
ABRRERA N A ARUARELNHE, BAHT
RFEFREGEHE -

Mode! Tread Plot
“C" Heater Extraction Temperature
7400 1
m_ﬂ g T sf-r;'f:‘}/a;:“-uré.»,g'-;;,,l" '?q‘\“ ’ﬂ}% LP;"!W{
. " ‘L r R 4 ‘Exﬂ&,’ﬁ«f : § .
7168 Juf o/ o
£ L ¢
! Yo
el
b
4
I
63204 /v
660.0

01:45:00 12/21/93 to 20:04:20 12/21/93

Bx. AMREEZXRGNE
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= E@ AR

XKAEBREETAREEILYRAL AARA LR U0 E 6
HEBIEH SRR BENS ARSI REI N ERE R — &
REARECBR; AL LEH T, HERATAR(KR)EH
MREBABTREREG X WP H, AEHAHEEA E A
B(RI)BHGOLH, AEAHABDREFAR IO E A S%SE
EHAENEN AR AXRRECBEHERT I RS
B AR HERAES
B ARAEUAREEITYEH B 42 (Ex: 1% NOx 3% B 243

WIERBREERE)

MRTE AR RXERM A GBEXBRNRFHEHS

B EREBETLHARREBE I KL L BB LEMRIL
A B A M AT R R AEAE -

AR CHBREARIHEAIZRENUB T T A 8
MR RGATHE ER K AEREL, » AR ()BEERE 4
1t Z ## & (Basic Concept) ~ (2) & 3 ¥ 1t &y & 4£ 1 £ & (Available
Product) R £ (3) £ # T 45 45 = & A & % (Utility Experience) & 3%
B4 :

(1) #HEEHRE LML
ELAABEERRALCHEORABESS, A2 287
TEVUERGBLORAEED BRARAARARELERZ

16



EHAREFAMUTR, AENHREREH A T WA
& 1£ 1t %6 47 2 B 4% (The objectives.)

¥ 4T B P 4 89 2 % (The changes being made .)

|

B & 47 AT 2 & % K U (The baseline conditions.)
]

B 774 A 89 T & 3 7 /% (The methods or tools used.)

a. Rt i7z B 2
AV AEERRALOERSHRAEAMAIBARET X
— B K %Al do A& R A AL (NOx) ~ 2 & # 46 & (Heat
Rate)~ M 1& 4 % & (LOI), — &1t % (CO) & i %A & (Opacity)
2% -

b. #& 47 AT = A& # K
ETHENBITAXRRALZI AR AL ERE, ¢
HrudaBa(LERE NOXRBENES B AR ABAG S
BOULEAEREEHRBEHATROBEM/ N HhAE, &R
FEiLBEHBIEH A B A F (Heat rate) 9 RA T, EM|
TEBEH BRI STRKBERAYBFER IR AN R R
HEEBRROE ARSI ERRERFE -

C. ¥ AT BF A L & oL 8
EEETRECERABRAMOAE, dFAFELHY
BZEZARARTE S A KRAL—. 4 % # %% (Changes in
control variables) ~ #k A =. 3% # 3% & 2L ¥ (Changes in equipment
settings) & #k 7 = . #5 2 48 #% (Hardware modifications) % & X

17



L - M BMEHAE S —kZT 4

= W
X H
(ﬁ
_4_3_
¥
w®
i

&
HWEBHEEIREEOAE,  PRAKAROBATABHE =

AHERBBRESRAE -

WS?J‘

ERAL . ZHREUE B REERAL—, Y THBA®

BMBARAEORAYE BLEBBEL24THBERRBRESL
IREBE(R—EREZHERN) - AEHOHRAIRT o8&
2R/ HEABERAN/TAMEBEEE -

ERAZ SHRHE: RRARAL, S TEBADIKT
ARSI REFEARBRBXETAGERBEX - #
i3

—LBERRBET AR, o E R R EGRR S/ ARE

AR/ Ay RERAE TR GE - THTHZAE Y AEw

SAREKAZ AT AT eh B %, 5 # 518 NOX & £ R )

R, o FFE L. AF: Group A B L — -~ Group B

BKA = Group CHH¥N= -

% NOx
Reduction g

40

20

Incrcasng Operating Flexibility

>
Worsening Operaling Condiion of Existing Equipinent
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d. FiiE e T B RF ik

BRAB TR RELCLIAONERELBE RIS LA
2 P 4849 42 49 2 (Neural net) ~ 4 3t 4 # (Statistical Analysis )
A AT % & (AL Techniques)¥ By, fe18 A1 A& E TR B A 4
2 % B 87/ E R R (Off-line/one-time) ~ £ t /3% 3% % (On-line/
advisory) ~ % P 3@ 3% #! (Closed-loop) % = #8, A 1 T ik 2 18 &8
gl ReIIE ) ANE T £ 8- X WL Vo

BER/ERU G D TR TR RMEENE KA Y — Rz esT
REATHEFERRELERELE, @ L/ B AR B
RETABGHBITRAEILNI, LG BFLERBEFHES
FHOTHEFAREZLE, FHOBVAUNSEFAE Bt

TRAECY W, BERFFERELBRMITH AR -

-

BA4AERMEILA L HAE

19



(2) eH ¥ibey& 41 & & (Available Product)
MTR"BEZELESZTEZEFA"R"BEZRAILE S
FZHE" RARARTHLTAAZIBEREILE &

a. B RMEILE R L E Z £
HEMMOE S TREARLELEBBERELELI AL T RE
KZEHKRAL, ok — T hHEELLB-BRRELB—-
1996 F R A AT -C X AL EXEFH B, R¥XIITHE & F B —-
RAEEZEHHBE - KEARKRNTURABEI, £ F
(a)1996 F R XA - AR X E £ E B, B (D)1997 £ % #
B--ARZEZEFBBZF, THEAEFRAGT =1, &

VA
(a) Before 1996-- ULTRAMAX-53, GNOCIS-4, NeuSIGHT-3
(b) As 1997 -——-- ULTRAMAX- 7, GNOCIS-8, NeuSIGHT-4
R—. BSEREILELSRTEZEH

Product Name Developer Before 1996 *In 1997
01. ULTRAMAX Ultramax&EPRI 53 *7
02. GNOCIS PowerGEN&EPRI 4 *8
03. NeuSIGHT Pegasus Technologies Corp. 3 *4
04. PECOS Praxis Engineer Inc. NA *2
05. Boiler OP Lehigh University 4
06. TOPAZ NYSEG 2
07. InEC Lockheed Martin 2
08. Power Insights Pavilion NA

20



b BERMELEALEIEHRE

RILB EHAERAEICELS U AR R LTEZES, BH
AR ERSONHARANASHEIZHERE LK,
BRIk = . FER=Z T

ULTRAMAX, GNOCIS, NeuSIGHT = # & & & 3% A T A 5 th %
& 1t B #7 (% %1 & Sequential Opt, Neural Net, Al techniques %), A&
FRERGRSEEZT B R RN AAR AR X ESHLES. R
ZHEERAECZAZHREECHEANAL LA (On-line)z & A M

ﬁg o

RKELE RS L B A BRAAY (NOX) HiHk & & 516480
##E (HeatRate)H X;4 s 2 B4 & A2 4 & 3 (Qut of
range) B E M EC R ERALBN AT L —HK@AHY

IBM/PC, UNIX, DEC % -

k=, BEBRALESEEHE(1)

Product Process Model Capability

Name & Optimizer Closed/ Advisory/ Off-line
01. ULTRAMAX  Sequential Opt No Yes Yes
02. GNOCIS Neural Net Yes Yes No
03. NeuSIGHT Al techniques Yes Yes Yes

21



RZ. BHERACLASEEHE(2)

Product Advisory  Optimization Computer

Name Feature Objective Hardware

01. ULTRAMAX (Out) NOx + HR IBM/PC, UNIX

02. GNOCIS (Out) NOx + HR IBM/PC, UNIX, DEC
03. NeuSIGHT (Out) NOx + HR IBM/Risk, SUN, DEC

LB EHE =B A K % (Utility Experience)

a. BHEEERITRABHBER

BMEIDOCFFRACBEZTHE T EERRAILL %, £ ¢
FO2RMmE A e (52 91%), B 4 E480 A M a8
-2 EAE AR KA R A A 4% K 484 (Tangentially
-fired) & # K X 488 (wall-fired) & ¥ &16 7 50% -

b. EReKMEIL L SHB|A
BREIVCFFRBEF EEBEXTREAREILA L, £ F1¢
Al E@EMRALCAABY BN L/ Snd - Fanq
(Closed loop or On-line/Advisory type),f5 2~ $ #4 16% -
EEEBATRMEEIREBRARREILA L ESZIHRF A5
F197 ERENA2 BB R EEAZAEILA L, L PRles
19BN RECALABYRENREL/BAVRE OB
(Closed loop or On-line/Advisory type),4s T 2 #t &5 90% -

22



C. MAREZEEARR

HAMBREZSRI TR EERAREL24BERTZIAE,
#1996 FERZATH 68 B NI EFERYM ML E R AL L %
A2l B1998 E X B X T 41 A&, Br i E E4 E 1998 4 4 &
ALEAFBOEZEMEEARAILLA AR A EEI R aH K
e, MMREER AL THE I HAAELRIBEHERT I
BEEZAR:

B FRR ALY (NOX) H#K & 5% -- 40%

B K818 #4e % (Heat Rate) 0.5% -- 1.5%

23



# % F HERFE

BEBBBHARANNKNBEEZEN, N SHBRRRILAHE
R B X (Co-fired) sk MAME K & 4 S e RIBAT B, B4 %
FEARMA0 F)HBRT, MEERBAERBE R AR ENE
BER-—HAARBORE ZE VR FINBTHZEE &4
AL BT R A BAB B W BH %M, UAMBHERAE L NEKRBAZ -

CREMRBERLZL T, % B A R & o B RI6 R
BRAMR, REEAAL(RBEZHZ24)TEHE RS
N, TEREBROBRAKEEEA MR ZARR, FAEA XK
HRABRE, AANNLTHRBCARREG RS H/S
PP oy 3] i 2 B A 4 o

EERELZALPPOSEA KT HEA S THE LA
HEN 1998 F2 AT A (130 B40E ) LB RA LB, B E
B ERACH IR T 5% -- 40% A B X %4518 B3 % 0.5% -- 1.5%,
BAXAEABRBEER L EEBI LR -

MPREBERELCE % (PPOR B ERERREER
AHAETROTRBERAKT, R AH R 2-3 B F B o %
W48 i 47~ 5 & £ (Demonstration Projects), & &
LG AEAETRHNTRZEIA/RAETE/ 4% 6H% 2
REHFEROER BLRETEZAOREN, N — S ¥
SR AARADNNZHERER -
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BLACK & VEATCH
ON-LINE PERFORMANCE
MONITORING SYSTEM

Many standard calculational modules and custom
configuration services are available to provide compre-
hensive monitoring capabilities for all types of plants.

CALCULATIONAL MODULES
» Overall Plant Performance
« Controllable Losses
« Boiler Cleanliness
* Sootblowing Optimization
» Boiler Performance
= Air Heater Performance
» Steam Turbine Performance
* Pump Performance
* Fan Performance
« Feedwater Heater Performance
« Condenser Performance
= Cooling Tower Performance
= Combustion Turbine Performance
» HRSG Performance

CUSTOMIZATION SERVICES
* Windows NT system configuration
* Excel-based on-line calculations configuration
* Excel-based reports configuration
« Data communication services
* Boiler cleanliness modeling
« Total plant predictive modeling
* Tumnkey system implementation

In addition to on-line analyses, OPM provides predictive

modeling for “what if” analyses of plant operations. This

allows for possible changes to equipment or operations to
be more accurately considered before implementation.

For More Information...
about the Black & Veatch OPM system, call
913-458-4(OPM), or e-mail opm_info@bv.com

2.

BLACK & VEATCH

Energy Services Group

12/99
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BLACK & VEATCH
ON-LINE PERFORMANCE
MONITORING SYSTEM

Improving Performance and Profitabilit

OPM is a toolbox for
optimizing your plant
operations. It consists
of flexible computer
software applications
designed to help you
reduce your operating
costs, identify capacity
limitations/opportunities
and improve plant
profitability. “Live” and

POWER PLANT DESKTOP™

historical data, as well as REAL'TIME PLANT
the tools to analyze that

data, are provided to all

types of plant personnel.

OPM operates under the

Windows NT operating
system.

HISTORICAL REPOI"S

DAYA DATA

OPM ~ REDUCING YOUR COSTS
For more than a decade, Black & Veatch’s OPM system
has helped customers reduce costs through:

Improved Operations

“Live” data and performance calculations, displayed to
plant operators, highlight off-target operations to
encourage quick response by operators to improve plant
performance..

Manpower Savings

OPM performs labor-intensive functions such as data
retrieval, analysis, data storage, equipment testing, and
reporting.

Energy Services Group

12/99

FIELD INSTRUMENTATION

llllllﬁ%

ENERGY
TRADING
CENTER

PLANT

PRINTERS

PLANT OPERATIONS,
PLANT MANAGER,
OR PLANT ENGINEER

PLANT/CORPORATE
HISTORIAN

ANALYSIS oPM
TOOLS MANAGEMENY SERVER

TRENDS

Precise Information

Information on equipment performance and degradation,
energy use, and other process data is at your fingertips to
support decision making at all levels.

THE INDUSTRY LEADER

As a leader in process plant design and constructior,, Black
& Veatch can put ifs expertise to work for you. Today,
OPM is in use worldwide — helping users monitor, control,
and reduce costs. The firm will provide a turkey system
custom configured to meet your needs. Our expertise
remains available to you after Jimplementation through
maintenance and support services.

&2

BLACK & VEATC
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ACM Concepts and Theory

Goal: The goal of this section is to provide new ACM users with a detailed
understanding of the concepts required to apply ACM in many applications,
including data validation, calibration monitoring, and plant health monitoring. In
addition, an overview of the advanced pattern recognition theory embedded in

ACM will be provided.

Objective: On completion of this section participants will have an understanding
of the differences between classical modeling methods and advanced pattern
recognition modeling methods. Participants will also have knowledge of the
underling theory of ACM, which will better enable the configuration and

maintenance of ACM models.

Terminology:

Plant Health Monitoring
Dependent Variables
independent Variables
Interdependent Variables
System Performance Curve (Surface)
Data Record

Point Value

Similarity

Reference Data Record
Input Data Record
Nearest Neighbor Record
Output Data Record
Fault Tolerance
Localized Modeling
Correlation

Auto Correlation

Modeling Basics

There are many different types of mathematical models. A model can be a set of
simple equations, a set of complex equations, a power plant simulator, a
performance monitoring system, a control system, or a neural network. What all
of these models have in common is that they are mathematical representations
of physical systems or phenomenon, and the models are created to provide

information about the physical system.
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Most of the classical models that we are accustomed to using have some
- common assumptions built in. Some of these assumptions are:

» Output parameters are a function of input parameters.

e Outputs, or dependent variables, are separated from inputs, or
independent variables.
All inputs are fully independent of each other.
Outputs are completely determined by the values of the inputs.

In addition, in most classical modeling methods there are more inputs than
outputs. Figure 2-1 depicts the classical approach to modeling, with dependent
and independent variables.

x~|L———‘>
§z‘=>
—> —>vy
S Cosical Mot | [=>v"
l::(>y'=
X, —>
inputs Quitputs

Schematic of Classical Model

Another characteristic of classical models is that if the quality of input data is
poor, the quality of the outputs, or resuits, will be poor. As an example, let’s look
at a model that calculates the efficiency of a high pressure steam turbine. in this
case the model includes the First Law efficiency equation and steam table
equations. The inputs will be the measured pressures and temperatures at the
high pressure turbine inlet and outlet, and the output will be the high pressure
turbine efficiency. So the schematic for this model will look like Figure 2-2.

MS Terrp

Steam Table Calis

]

CHRH Terrp ——>> HP Efficiency

1* Law Efficiency

?
Il

Inputs Outputs
Schematic of High Pressure Turbine Efficiency Model
But in a model of this type, what happens to the outputs if there is a problem with

one of the inputs? In the case of the example in Figure 3-2, if there is an error in
any one of the four inputs, the output will be in error. In the worst case, if the
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P2

error in one of the inputs is large enough, the modeling calculation might fail. If
the calculation fails, we know something is wrong, but we really can't tell what is
wrong. This is an inherent flaw in all classical modeling techniques. In the most
technical terms this is called the “garbage in = garbage out” syndrome.

To understand how ACM and advanced pattern recognition is different, we will
look at a simple example. First, ACM treats any process or system as a set of
numeric data values. For example, a power plant is viewed as a list of pressure,
temperature, and flow values rather than an assemblage of turbines, pipes, and
heat exchangers. Let's consider a hypothetical system that has just two
significant measurable parameters, P1 and P2. Data for this simple process can
be collected through a series of tests and a graph can be conslructed showing
one parameter versus the other.

) P1

Plotting Process Parameters

The individual points in Figure 3-3 represent discrete operating conditions for a
simple process. That is, each point represents a unique characteristic condition
of the process. In order to accurately describe a single process state at any
given time, the values of all the system parameters must be known (two i in this

case).

The process can then be generalized to estimate behavior at operating states for
which no discrete data values have been collected by placing a continuous curve
through the plotted points (Figure 3-4). This curve represents known normal
operation and can be referred to as the "system performance curve." It should
be noted that, when using pattern recognition techniques, these points are
considered to be interrelated and are not separated into input and output
(independent and dependent) categories.
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P2

P1

Generalizing Process Behavior

This modest procedure can lead to some very useful results. For example, if ata
later time the value of one of the parameters is known, the value for the other can
be readily estimated (Figure 3-5). In addition, the generalized plot could be used
to determine whether or not the process is currently operating in a manner
consistent with past operation (Figure 3-6).

Given a value for P2, P1 can be determined /

P2

_ . . orgiven a value for P1,
P2 can be determined,

Pl

Determining Unknowns
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This operating condition is located close to —==
the curve and is therefore consistent
with past system behavior.

P2

x —+—— But this point is far removed from the
curve and is not characteristic of past
system operation.

P1

Figure 3-6 Assessing Process Operation

Ps

Plotting Process Parameters — 3 Dimensional System
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Now, we can expand this process to a system with three parameters, or a three-
dimensional system. As in our two parameter system, the first step is to collect a
set of data over the operating range of the system for the three parameters in our
system, P1, P2 and P3. Second, we plot the data, as shown in Figure 3-7. Third,
we need to generalize the plotted data. Instead of a line, as in the two parameter
system, generalization of the three-dimensional system yields a performance
surface. Again, this generalized plot could be used to determine if the process is

This point is far removed from the surface
P and is not characteristic of past operation.

Based on data collected
during previous operation of
the system, this point is
where the system should be
operating. i

P
P
currently operating in a manner consistent with past operation, as ilustrated in
Figure 3-8.

Assessing Process Operation — 3 Dimensional System

Although the examples above are presented graphically, similar results can be
obtained numerically. However, most processes cannot be characterized
sufficiently with just two or three parameters. For example, a complex process
such as a power plant requires the measurement of many different parameters to
describe plant conditions completely. Furthermore, most of the parameters
associated with a complex process are interrelated and cannot be assessed
simply as pairs of variables isolated from the rest of the system. So with most
real-world processes it is necessary to examine many different parameters
simultaneously rather than grouping them in twos or threes.
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instead of the simple case of P1 vs. P2 for two parameters, if we look at a
system with four or five or n parameters, we now have a more complicated
situation of P1 vs. P2 vs. P3 vs. P4 vs. . . . Pn for n different parameters
associated with a complex process. Although a graph showing all parameters
plotted simultaneously for a complex process is not feasible, numerical methods
analogous to the concepts presented graphically above can be employed. [n
other words, numerical techniques can be applied that utilize historical data
values collected from a complex process to form the numerical equivalent of a
"system performance surface." '

ACM Modeling Principles
We have discussed two simple systems that can be represented graphically or
mathematically, however, as you might suspect, the mathematics associated with
larger systems can be a bit intimidating. Fortunately, ACM bears the burden of
the mathematics, and with an understanding of the concepts dlscussed
previously, you can use ACM quite effectively.

A good part of our understanding of a system like a power plant comes from
observing the behavior of the system and relating our current observations to
past experience. Any conclusions we draw about plant operating conditions
depend largely on the experience we have with the system. ACM works in a
similar manner by observing a process and making judgments based on past
experience. It does this by creating a mathematical model of the plant using
archived plant data values that represent past operating characteristics.

ACM views a system as a set of numerical data values -- main steam
temperature, condenser pressure, plant heat rate, and so forth. These values
are grouped together in arrays called data records. A data record is simply a
snapshot of plant data values for a single instant in time. The individual items
associated with a data record are called points and their related values are
called point values. Figure 3-8 illustrates these concepts.

ACM analysis is performed by quantifying the *similarity” between any two data
records that are being compared for purposes of creating modeled estimates and
other essential functions. Computed similarities are scalar values that range
between zero and one. A similarity value of one indicates the two plant
conditions being compared are identical (e.g., each temperature, pressure, and
flow value is exactly the same in both data records). A similarity value of zero
indicates that the two conditions are completely different from each other (e.g.,
plant conditions at full power compared to plant conditions at zero power).

Prior to analyzing a system with ACM, a number of data records spanning a
range of plant operating conditions are collected and stored in a file. These
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records are called reference data records and their purpose is to act as a
knowledge base characterizing normal plant behavior.

Point 2N Mfcno:oﬁ Ecl -0t DDIA tx't. 7.

",

ACM Data Record : g
| MST_2 . CRHT _{ | CRHT_2  HRHT_1  HRHT 2 | APWHET | BRNHET | XOT
10055} . 59385, 967.58; 40
597187 67005 408
["0135:00 122188 IR PAR ] 5Og0g_ 7159 J0B5T_ 50501 BI85 6uii]
00 g 007.3: 5959, 87347, 820,15 683. 5913
1008] 58387 597.95] 97541 87298] 69665, 59165
5] _1007.9° 56250: 1.76' 41056, 586 . 583.06-
: . : 88 59283
76 40602 599, 06758211
37642, _ 40902 597,78, 82261 3] 58389,
. R 7665 40672 598.01 60, 69653 5046
10115 8 978.66, 40672 539.78 & 63748 504.36
10118 8] 565, 23; 980.197 408! 597 9
1008} 10085 S 597.18'_ 97972, 40354] 698.84; 6767
: 963727 4741360249
Point Value 50017 08T| 10085 59514, 60208 88773 44051 60478
: 261 90367] 45437 61372
10038] 10095 61357, 62074 89751 477683 62039
1016.7] 10165 62176 620.18, 1001.3; 493.76_
" 62406, 63123 ] 53
1 61871 626:41, 10 58 96, ¢ 8761451
61382 } 211788 61475
61587 2. 96 718.27° b614.63
7 TT1798_ 61439 g

ACM Data File Terminology

After the reference data records have been obtained, a new set of snapshots are
collected and saved in a different file for assessment by ACM. These newer
snapshots of plant data are called input data records. 1in other words, ACM
provides a computed point value corresponding to each of the input point values.
The computed point values are collectively known as the output data record.
Figure 3-8 summarizes this procedure.
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" it may be compared with the input record for further data
manipulations. Again, it should be noted that the ACM approach calculates an
output point value for each and every input point (Figure 3-10). The significance
of any differences between the input and output values is generally viewed in the
context of the specific application (e.g., indication of a signal failure, calibration
drift, abnormal system operation, etc.).

Py —> —> P,
Py——> —> P,
Pye——> Advanced > P,
. Pattern -
Recognition
P, —> (PR | am—p Ii',.
Inputs ' Quiputs

Figure 3-10 An Output for Every Input

ACM uses the computed output values to provide dynamic alarm limits for
detecting plant abnormalities and instrument drift. The alarm limits for a given
instrument are set by placing user-specified bounds above and below the output
values. Recorded instrument values that lie outside of the dynamic alarm limits
are flagged as needing attention by an operator or engineer. In a practical sense,
the type of information required by ACM to assess the health and validity of plant
data values includes the following:

A set of modeling specifications defining general calculational options.
A listing of the points to be assessed and any associated options such as
criteria for testing the validity of the plant data.

e A reference data file containing plant data values spanning a range of
operating conditions.

[

Given this information, ACM provides the following:

o Graphical output displaying information concerning the status of the process

points.
‘e Summary reports listing computational results, data file statistics, and user

specifications.

In addition, ACM stores the output values from the modeling computations to be
used for any desired purpose. Table 3-1 presents a partial set of descriptions,
inputs and outputs from an ACM data validation calculation.
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Partial ACM Data Validation Results

Plant Parameter Input Output

Values Values
Main Steam Temperature 1004.0 1003.2

Main Steam Pressurs 2459.3 2456.8.
First Stage Pressure 1915.0 19124
Cold Reheat Pressure 591.5 590.2
Cold Reheat Temperature 636.1 636.9
“A” Htr. Extr Pressure 586.9 585.8
“A” Htr. Extr. Temperature 636.6 636.0
Hot Reheat Temperature 1007.3 1007.0
Hot Reheat Pressure 553.4 552.4
“B” Htr. Extr. Pressure 288.4 288.7
*B” Htr. Extr. Temperature 554.5 553.9

Etc. — o

Advanced Pattern Recognition (APR) Characteristics

The APR technology embedded in ACM has several important characteristics:

Fault Tolerance: ACM minimizes the effects of incorrect or missing plant
measurements. This is due to the fact that it treats all monitored
parameters as being interrelated. ACM uses all parameters
simultaneously to determine all of the predicted values so the impact of

individual defects is minimized.

Localized Modeling: ACM forms a local model for every new input data
record. Because it does not operate using a single set of coefficients,
complex non-linear systems can be modeled more accurately and with
fewer examples than are required with other techniques. In addition,
localized modeling automatically takes into account changes in a system
as it progresses through different operating conditions.

No lterative Training Phase: ACM does not require an iterative training
phase. Because no iterative training phase is involved, the reference data
can be changed as often as desired allowing immediate adaptation to new

information.

High Dimensionality: ACM is unrestricted in the number of plant
parameters that it can handle in a single model, however, extremely large
systems should often be broken down into multiple, smaller models based
on point relationships identified using ACM tools. These smaller models
enhance model accuracy and fault tolerance.
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Advanced Pattern Recognition Theory

ACM utilizes advanced pattern recognition techniques to identify the current
operating state of the system being monitored, then predicts a value for each
data point being analyzed. The only information needed for an ACM model is a
reference data set and an observed or input data set. The ACM calculations
result in an equation for which there is one unique solution, unlike iterative
empirical methods.

The training or learning process involves loading samples of reference data
which represent good operating practice and well calibrated instrumentation into
a reference library. input data samples are then compared with those in the
reference library for similarity. A group of the most similar reference data
samples that bound the input sample are selected for the analysis process.
These selected samples, referred to as the nearest neighbors, are manipulated
to develop a mathematical representation of the system for the current operating
conditions. When this mathematical representation is combined with the input
data set, a prediction for each point value is calculated.

The equation used to calculate the predicted point value is:

P=N+[NON) * N ®A)m

Where:
P represents the predicted data record (an n-dimensional vector),

N represents the nearest neighbor matrix,

® represents the similarity operator, and
A represents the input data sample (an n-dimensional vector).

The similarity between the ACM equations presented above and the equation for
a matrix-based least squares fit calculation will probably be very quickly
recognized. In fact, the primary difference between the ACM calculations and a
least squares fit analysis lies in the similarity operator. The similarity operator
determines the similarity between the input data record and the nearest neighbor

data records.

One key item found in ACM that will not be true with most statistical analysis
techniques is that the matrix produced by the (N" ® N ) process can always be
inverted. This represents a very significant advantage over least squares fit type
analyses because the matrix inversion process in least square fit matrix
calculations can frequently be impossible, resulting in a failed calculation. In
addition, it can be seen from this process that the data samples used in the
analysis that are most similar to the input sample will have the highest
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contribution to the ACM estimation. The reference data samples that were
selected for inclusion in the analysis based on an erroneous signal value will
have very little impact on the estimations, as opposed to a least squares fit
prediction in which all reference data samples would have equal impact on the
results. In other words, ACM works on the basis of maximizing similarity rather
than minimizing difference. This is the reason that ACM can still provide very
accurate signal value estimations even when a large percentage of the input
signals have failed. This is responsible for ACM’s localized modeling, resulting in
a more accurate prediction compared with other methods that attempt to
represent all operating conditions with a single set of coefficients.

ACM must have a reference data set that contains system data samples that
represent “normal” operation and accurate instrumentation. Remember, “normal”
operation is defined as any operating condition that is considered acceptable. For
example, if a plant removes the high pressure feedwater heater from service to
meet peak load demands, operation with the feedwater heater out of service
would be considered “normal” and the reference data set should include samples.
of this{mode of operation] The reference data set represents ACM's entire
knowledge base for subsequent analyses. Therefore, it should include data
samples that bound the entire range of expected operation for the monitored
system, because ACM will not extrapolate beyond the point values available in
the reference data file. Because of this, the selection of a representative

reference data file is essential for accurate modeling.,
e A i e e

Correlation and Auto Correlation .
Even though ACM treats all points in a data record as if they are interrelated,
certain points will be more strongly related than others. For example, a change in
condenser pressure will have a strong effect on hot well temperature, but will
have an un-measurable effect on main steam pressure. To improve the accuracy
of the ACM predictions, ACM models can be constructed of smaller groups of
closely related data points. In some cases, the relationship between points will be
obvious from prior knowledge of the system. In other cases, the relationships
might not be so obvious. In these less obvious cases, ACM can be used to
determine the strength of the correlation between groups of points.

In some cases, a data point will appear to belong in an ACM model, but if that
point is not available as input, the prediction for that point will degrade
significantly. If this happens, the point is said to be auto correlated, or strongly

related only to itself in the data record.
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