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Lower Costs and Risks by 
Emulating a DCS on a PC  
SS. GODBOLE and GP. MALAN. Framatome Technolo ies . L nchbur  . Va .  

With today’s PCs, it is practical and economical to emulate a distributed control 
system before making major capital and personnel resource commitments.  

i t h t h e a s t r o n o m i c a l l y e n - Whanced capability of personal  c o m p u t e r s a n d r e l a t e d s o f t - 
ware , and a reduct ion in their cost , some 
companies have begun to emulate dis- 
t r ibuted control systems (0083) using 
PCs. An emulat ion reproduces both the 
“ look and f ee l " and the e s sen t i a l ope ra t - 
ing characteristics of a DCS.  

A D C S a p p l i c a t i o n ( i n p u t / o u t p u t , 
control logic , and operator in terface) 
c a n b e c o n f i g u r e d o n a P C - b a s e d 
w o r k s t a t i o n , t r a n s l a t e d i n t o P C s o f t - 
ware, and emulated by a PC or net- 
w o r k o f P C s . M u c h o f t h e p r o c e s s i s 
a u t o m a t e d . t h u s p e r m i t t i n g a n e c o - 
nomical and quick development of the 
e m u l a t i o n , w h i c h c a n b e t e s t e d a n d 
d e b u g g e d u n t i l t h e r e s u l t i n g s y s t e m 
m e e t s a l l n e c e s s a r y r e q u i r e m e n t s .  

Tr a i n i n g p e r s o n n e l t o o p e r a t e t h e 
e m u l a t e d D C S m i n i m i z e s t h e r i s k s t o 
plant/process equipment and personnel 
inherent in operating an existing or new 
plant with a new control system. To per- 
mit comprehensive testing of the DCS 
and realistic training, the emulations can 
be integrated with plant/process dynam- 
i c r e a l - t i m e s i m u l a t i o n m o d e l s t h a t 
r e s p o n d t o s i m u l a t e d s t a r t - u p , l o a d 
changes, and upsets in the same time 
f r ame a s t h e r e a l p l an t .  

E m u l a t i o n a d v a n t a g e s 
Ty p i c a l l y , p r o j e c t p e r s o n n e l a r e n o t  
knowledgeable about the specifics of a 
DCS at the t ime the procurement deci- 
s i o n i s m a d e . h e n c e t h e d e c i s i o n i s  

e v a l u a t i o n o f t h e D C S s y s t e m i n a n  
a p p l i c a t i o n - s p e c i f i c m a n n e r b e -  
f o r e m a k i n g a l o n g - t e r m c o m m i t m e n t .  
As a result, the following questions are  
a d d r e s s e d :  
- Can DCS logic be graphica l ly and 

eas i ly con f igu red?  
- Are the control function blocks (PID) of 

the right complexity?  
o I s t h e d o c u m e n t a t i o n o f t h e s y s t e m 

clear, accurate , and user-fr iendly, and 
does it give enough insight into the 
working of the control function blocks 
to permit proper applicat ion by the 
u s e r ?  

- D o e s t h e D C S s u p p o r t o n e o r m o r e 
common high-level languages (Basic. 
For t ran , C)?  

o D o e s t h e D C S m i c r o p r o c e s s o r - b a s e d  

basic building block (BBB) for imple- 
ment ing cont ro l a lgor i thms (cont ro l 
p r o c e s s o r , m u l t i f u n c t i o n c o n t r o l l e r ) 
have enough capacity and speed for 
the application? Is it based on a 286, 
3 8 6 , 4 8 6 , P e n t i u m , o r f u n c t i o n a l l y 
e q u i v a l e n t s y s t e m ?  
I f two or more 8885 a re requ i red , wi l l 
t h e i n f o r m a t i o n f l o w b e t w e e n t h e m 
adversely affect performance?  
Wi l l t h e s y s t e m b e u s e r - f r i e n d l y i n 
operat ion and maintenance?  
How user-friendly is the operator inter- 
face facility in the DCS? Does it have 
graphic bui lding capabi l i ty, such as 
s e l e c t i n g i c o n s f r o m a n o n - s c r e e n 
library? How many colors are there? 
Will it export and import an ASCII file? 
I t i s poss ib l e to deve lop a dynamic  
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based on the vendor ’s presenta t ion and 
d e m o n s t r a t i o n . A s t h e e n g i n e e r i n g 
d e t a i l s a r e w o r k e d o u t , h o w e v e r , s o m e 
o f t h e l i m i t a t i o n s o f t h e D C S b e c o m e 
c l e a r. S o m e t i m e s t h i s m a y n o t h a p p e n 
until the initial start-up of the DCS in the 
f i e l d w h e n i t i s t o o l a t e t o d o m u c h a b o u t 
t h e l i m i t a t i o n s , a n d t h e c u s t o m e r h a s t o 
l i v e w i t h t h e m .  

T h e m o s t i m p o r t a n t a d v a n t a g e o f 
using emulation is having the opportu- 
nity to provide, at the design level. an  
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Fig. 1: This PC emulation of a typical Honeywell TDC3000 screen was produced by 
translating the corresponding Honeywell 05 graphic file. The emulation is performed 
by a Visual Basic program running under Windows NT  



Verifications can be made using a scaled-down DCS and dynamic simulation  

simulation model of the process or plant 
at a small additional cost using model- 
i n g s y s t e m s . I f t h e D C S e m u l a t i o n i s 
tested and debugged in conjunction with 
the dynamic model, the resulting DCS 
logic , when instal led in the f ie ld , wil l 
have a high probability of working right 
the first time, thus ensuring the success 
of the DCS project while reducing the 
o v e r a l l t i m e a n d c o s t .  

For plants already operating with a 
DCS, i t i s poss ib le tha t the par t i cu la r 
DCS hardware is no longer available for 
u se i n a ha rdware - in - the - loop app l i ca - 
tion. In such cases, DCS emulation may 
be the only practical alternative.  

D C S a r c h i t e c t u r e a n d f u n c t i o n s 
T h e D C S c o n t r o l l o g i c i s t y p i c a l l y 
arranged in two ways—by control func- 
t ions and by plant systems. Some DCS 
vendors assign a BBB to a specific plant 
control function, while others assign a 
B B B t o c o n t r o l f u n c t i o n b l o c k s s c a t t e r e d 
over severa l p lan t subsys tems .  

I n t h e f i r s t c a s e , f o r e x a m p l e , t h e 
3 3 8 5 m a y b e a s s i g n e d t o f e e d w a t e r 
c o n t r o l , r o t o r - s t r e s s m o n i t o r i n g , e t c . , 
w i t h o n e - t o - o n e c o r r e s p o n d e n c e 
b e t w e e n t h e c o n t r o l f u n c t i o n , c o n t r o l 
logic drawings, and the BBB. For some 
0083, the control logic is configured 
graphically using a PC workstation by 
m a k i n g a d r a w i n g a n d c r e a t i n g t h e 
d a t a b a s e t h a t i s d o w n l o a d e d i n t o t h e  

BBB. For others, the configuration is 
d o n e t h e o l d - f a s h i o n e d w a y b y c r e a t - 
ing and editing an ASCII file containing 
the spec i f i ca t ions o f the con t ro l func- 
tion blocks. The control loop is config- 
u r e d b y i n c l u d i n g t h e r e q u i r e d t r a n s - 
d u c e r / t r a n s m i t t e r s i g n a l s . c o n t r o l 
f u n c t i o n b l o c k s , a n d f i n a l c o n t r o l e l e - 
m e n t d e m a n d s i g n a l s .  

In the second case, assigning a BBB 
t o f u n c t i o n b l o c k s a c r o s s s e v e r a l s u b -  

F e a t u r e s o f a D C S , s u c h a s 
r e l i a b i l i t y, s e c u r i t y, a n d 

i n t e r a c t i o n b e t w e e n D C S 
m o d u l e s o v e r L A N s c a n b e 

ve r i f i ed us ing a sca led -down 
DCS in con junc t i on w i th 

d y n a m i c s i m u l a t i o n .  

systems, the BBB may be configured by 
creating and editing an ASCII file con- 
taining specifications of various entit ies 
(i.e., control function blocks) arranged in 
a p r e s c r i b e d o r d e r . T h e s e e n t i t i e s 
b e l o n g t o s e v e r a l p l a n t s u b s y s t e m s — 
s u c h a s c o m b u s t i o n t u r b i n e g e n e r a - 
t o r / h e a t r e c o v e r y s t e a m g e n e r a t o r 
(CTG/HRSG) , p l an t e l ec t r i ca l sys t ems . 
m o t o r - o p e r a t e d p l a n t e q u i p m e n t , a n d 
c o o l i n g t o w e r s — a n d a p p e a r i n c o n t r o l  

We s t i n g h o u s e S c r e e n E m u l a t i o n  
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Fig. 2: PC emulation of a typical Westinghouse WDPF Classic screen. It was produced by 
t rans la t ing the corresponding West inghouse GCC graphic f i le . and per formed by a Visual  
Basic program, running under Windows N I  

l og ic d rawings a r r anged by p l an t sys - 
tems. Thus, during debugging, i t is not 
obvious in which BBB a cer ta in ent i ty 
resides.This information is necessary to 
make a change either to one entity or to 
s e v e r a l s i m i l a r e n t i t i e s i n c l u d e d i n d i f f e r - 
e n t 8 8 8 3 .  

To overcome this difficulty, a graphic 
d a t a b a s e c a n b e c r e a t e d f r o m t h e D C S 
c o n f i g u r a t i o n f i l e s t o p r o v i d e c o n t r o l 
logic drawings arranged by control func- 
t i o n s . T h e s e d r a w i n g s s u p p l e m e n t 
s i m i l a r d r a w i n g s a r r a n g e d b y t h e 
p lan t /p rocess sys t ems . The da tabase i s 
a lso useful for on- l ine quer ies about a 
spec i f i c sy s t em en t i t y, i t s connec t i ons 
with other entities, or changes to an enti- 
ty. The query or change can be initiated 
b y c l i c k i n g a p a r t i c u l a r e n t i t y o n 
t h e d r a w i n g a n d h a v i n g a d i a l o g b o x 
c o n t a i n i n g t h e a t t r i b u t e s o f t h e 
e n t i t y a p p e a r . T h e d a t a b a s e c a n a l s o 
r e v i s e t h e d r a w i n g s a r r a n g e d b y t h e 
p lan t / p rocess sys tems as the con ten t s 
of the configuration files evolve.  

The ope ra to r i n t e r f ace i s con f igu red 
by creating graphics of various parts of 
t h e p l a n t / p r o c e s s s u b s y s t e m s a n d 
a s s o c i a t i n g t h e g r a p h i c e l e m e n t s w i t h 
input/output signals from the plant or 
internal values generated in the DCS.  

F e a t u r e s o f a D C S , s u c h a s r e l i a b i l - 
i t y, s e c u r i t y, a n d i n t e r a c t i o n b e t w e e n 
D C S m o d u l e s o v e r L A N s c a n b e v e r i - 
f i e d u s i n g a s c a l e d - d o w n D C S i n 
c o n j u n c t i o n w i t h d y n a m i c s i m u l a t i o n . 
T h i s h a r d w a r e - i n - t h e - I o o p a p p r o a c h 
is called “stimulation,” and usually fol- 
l o w s e m u l a t i o n .  

Trans la t ing to the PC  
I t i s pos s ib l e t o t r an s l a t e t he va r ious 
reports available in a DCS to produce 
c o d e t h a t c a n b e e x e c u t e d i n t h e P C . 
Typically the control logic configuration 
i n e a c h B B B i s t r a n s l a t e d i n t o a c o d e 
block in a high-level language. Similar- 
ly, each operator interface graphic can 
be t r ans la ted in to an iden t i ca l g raph ic 
t h a t c a n b e i m p l e m e n t e d o n o n e o r 
m o r e P C s a n d s c r e e n s ( s e e F i g u r e s 
1 and 2) .  

To i m p l e m e n t t h e D C S e m u l a t i o n , 
t r a n s l a t e d c o n t r o l b l o c k s a r e c o m p i l e d 
a n d e x e c u t e d i n t h e P C s , a s a r e t h e 
t r a n s l a t e d p i c t u r e s . T h e c o n t r o l l o g i c 
a n d o p e r a t o r i n t e r f a c e ( O I ) c o m m u n i - 
c a t e w i t h e a c h o t h e r o v e r a n E t h e r n e t 
n e t w o r k u s i n g T C P / I P p r o t o c o l . I f a 
d y n a m i c m o d e l i s u s e d t o t e s t a n d 
debug the DCS control logic and DI, 
t h e c o r r e s p o n d e n c e b e t w e e n m o d e l 
v a r i a b l e n a m e s a n d D C S v a r i a b l e 
n a m e s i s e s t a b l i s h e d u s i n g d a t a b a s e 
t e c h n i q u e s .  



Translators used in DOS simulation can generate logic for other projects  

D e b u g g i n g p r i o r t o u s e  
To check out DCS logic and Cl 
prior to initial system start-up in 
the f ield, s imple test s ignals are 
typica l ly in jec ted sequent ia l ly a t 
v a r i o u s i n p u t p o i n t s , w h i l e 
observing the expected values at 
o u t p u t p o i n t s . W h i l e t h i s i s a n 
i m p o r t a n t p a r t o f t h e t e s t i n g , 
much more can (and should be) 
done prior to initial system start- 
up in the field to minimize func- 
t iona l bugs in the con t ro l log ic 
and OI. Progress ive DCS ven- 
d o r s a n d c u s t o m e r s a r e r e c e p - 
t i v e t o t h e i d e a o f t e s t i n g a n d 
debugging in conjunct ion with a 
d y n a m i c p l a n t / p r o c e s s m o d e l — 
initially using an emulated DCS 
and later using the actual DCS 
hardware (see Figures 3 and 4) . 
A by-product of this approach is 
the t ra ining of ins t rumentat ion 
and control personnel in a plant- 
spec i f i c env i ronment .  

S t e p 1 — E m u l a t i o n  
T h e m o s t p r o m i s i n g d i s t r i b u t e d 
con t ro l sys t em shou ld be t en t a - 
tively selected in a DCS project 
b a s e d o n a n o n h a n d s - o n , n o n - 
plant-specific evaluation.The con- 
trol logic and operating procedure 
will already be defined for an exist- 
ing plant. For a new plant, proce- 
d u r e s c a n b e w o r k e d o u t w i t h t h e 
help of the architect/engineer, par- 
a l l e l t o t h e D C S s e l e c t i o n . W h e n 
the DCS's sys tem documenta t ion 
and eng inee r ing works ta t ion a re 
acqui red , the DCS vendor can 
help configure both the control 
logic and Cl.  

At this point. the control logic 
and graphic t ranslators for the 
c h o s e n D C S c a n b e u s e d t o 
d e v e l o p t h e e m u l a t i o n . T h e 
p l an t /p roces s dynamic s imu la - 
t ion mode l shou ld be deve loped 
in parallel and kept ready to inte- 
g r a t e w i t h t h e D C S e m u l a t i o n . 
P l a n t s i m u l a t i o n s h o u l d t h e n b e 
“hooked up" with the DCS emu- 
la t ion for tes t ing and debugging 
the DCS conf igura t ion .  

S t e p 2 — S t l m u l a t i o n  
A f t e r t h e e m u l a t i o n i s d e b u g g e d , t h e 
control logic and OI can be installed 
i n a s c a l e d - d o w n v e r s i o n o f t h e D C S . 
T h e D C S c a n t h e n b e c o n n e c t e d 
w i t h p l a n t s i m u l a t i o n . u s i n g a n a l o g 
and digital llO cards in the PC to stim- 
ulate the plant model. The DCS can be 
o p e r a t e d a s i t w o u l d b e i n t h e p l a n t , 
a n d e v a l u a t e d t o v e r i f y p e r f o r m a n c e  
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Fig. 3: DCS control logic emulation is integrated with the plant 
process model on a PC s imula tor server. The opera tor 
i n t e r f ace emula t i on runs on s epa ra t e PCs tha t communica t e 
w i t h t h e s i m u l a t o r s e r v e r o v e r a l o c a l a r e a n e t w o r k .  
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Fig. 4: The actual scaled-down DCS hardware interacts with 
the plant process model with real-world st imuli .  

per the specifications. If the DCS per- 
f o r m s s a t i s f a c t o r i l y u p t o t h i s p o i n t , 
t h e f u l l - s c o p e D C S c a n b e p r o c u r e d 
with a high degree of confidence.  

P r o j e c t e x a m p l e s  
I n a D C S p r o j e c t t a r g e t e d t o r e p l a c e 
a n e x i s t i n g a n a l o g c o n t r o l s y s t e m . 
e q u i p m e n t w a s s e l e c t e d w i t h o u t a 
f i r s t h a n d , a p p l i c a t i o n - s p e c i f i c e v a l u a -  

t i o n , a n d t h e D C S l o g i c w a s 
t e s t e d d i r e c t l y i n t h e s t i m u l a - 
t i o n m o d e . A l a r g e a m o u n t o f 
c a p i t a l a n d l a b o r r e s o u r c e s 
w e r e c o m m i t t e d o v e r a l o n g 
s c h e d u l e . S e v e r a l s h o r t c o m - 
i n g s o f t h e s y s t e m w e r e d i s - 
c o v e r e d r e l a t i v e t o t h e a p p l i - 
c a t i o n a n d t h e D C S n e v e r m a d e 
it to any plant site.  

I n a r e p o w e r i n g p r o j e c t , 
the DCS (cons is t ing of equip- 
m e n t f r o m t w o D C S v e n d o r s ) 
w a s s e l e c t e d a n d p r e l i m i n a r y 
c o n t r o l l o g i c a n d O I w e r e 
d e v e l o p e d . A s a p a r t o f d e v e l - 
o p i n g a c o m p a c t s i m u l a t o r f o r 
operator training, the DCS was 
e m u l a t e d p r i o r t o i n i t i a l s t a r t - 
u p i n t h e f i e l d . S e v e r a l b u g s 
i n t h e c o n f i g u r a t i o n a n d C l 
w e r e i d e n t i f i e d w h i l e t e s t i n g 
t h e e m u l a t e d s y s t e m . P l a n t 
o p e r a t i n g p r o c e d u r e s w e r e 
a l s o v e r i f i e d a n d r e f i n e d u s i n g 
t h e e m u l a t i o n . I n f a c t , t h e 
t r a n s l a t o r s u s e d i n t h e s i m u l a - 
t o r d e v e l o p m e n t a r e r o b u s t 
enough to e ff i c i en t ly gene ra t e 
the control logic and Cl graph- 
i c s f o r o t h e r p r o j e c t s u n d e r 
t h e l a t e s t W i n d o w s N T o p - 
e r a t i n g s y s t e m . O n c e t e s t e d , 
t h e c o n t r o l l o g i c a n d C l 
graphics can be converted into 
t h e f o r m a t c o m p a t i b l e w i t h 
t h e D C S .  

I m p r o v e d p e r f o r m a n c e  
R e v o l u t i o n i z i n g t h e w a y p l a n t 
a n d p r o c e s s c o n t r o l s a r e 
b e i n g d e v e l o p e d a n d o p e r a t e d 
a r e t h e r a p i d a d v a n c e s b e i n g 
m a d e i n p e r s o n a l c o m p u t e r s , 
r e l a t e d t e c h n o l o g i e s . a n d s o f t - 
w a r e t o o l s . T h e e m u l a t i o n l 
s t i m u l a t i o n a p p r o a c h r e p r e - 
s e n t s a s y s t e m a t i c w a y t o 
e v a l u a t e a p a r t i c u l a r D C S i n 
a n a p p l i c a t i o n - s p e c i f i c e n v i - 
r o n m e n t b e f o r e m a k i n g a l o n g - 
t e r m c o m m i t m e n t . T h e r e s u l t 
i s a s i g n i f i c a n t l y i m p r o v e d 
o v e r a l l p e r f o r m a n c e o f r e t r o f i t 
o r n e w c o n t r o l a p p l i c a t i o n s i n 
t e r m s o f c o s t , s c h e d u l e , r i s k , 

a n d o v e r a l l s a t i s f a c t i o n . [ : 1  

O t h e r m a j o r c o n t r i b u t o r s t o t h i s 
ar t ic le include W. 7? Snead, C.S. McKim, 
R B . B r o w n e / I , a n d F E . H a r l e r . F o r 
m o r e i n f o r m a t i o n , c o n t a c t F r a m a t o m e 
Te c h n o l o g i e s a t Te l : 8 0 4 / 8 3 2 - 2 6 9 6 ; 
F a x : 8 0 4 / 8 3 2 - 3 6 6 3 ; E - M a i l : s i m u l a - 
t o r @ f r a m a t e c h . c o m  
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