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This paper presents the calculation of the controller load of computer
control network in a real system. The Calculation of the controller load is
very important in order to aid the designer engineer to choose the suitable
capacity of the controller for data size. The probability theorem is used to
investigate the process of load calculation. The interpolation technique is
used to get the function of the required data for the studied system. The
calculated value is compared with the measured value to investigate the
reality of the proposed method in calculating the load controller using
probability theorem. The comparative study between the measured value
and calculated value indicate the efficiency of the proposed technique.
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1. INTRODUCTION

In recent years the computer control technology has developed greatly with the rapid
enhancement. The development of the computer technologies reflects to other fields
such as control theory and data communication network. The main stream is so called
distributed control systems, DCS. Since 1970s the DCS has been used widely in
industry, in many applications [1-4]. The distributed control system, DCS has a
different data forms such as analog input, analog input calculated, analog output,
analog out calculated, digital input, digital input calculated and digital output [5]. The
data come from the field all has one of the previous forms to the controller sub-rack
then through a communication to the controller rack. These data will be processed on
the processor according to the required functions, subjected to the software program.
Let's go through to explain briefly the field data which applied to the controller.

2. CONTROLLER LOAD CALCULATIONS

The controller load is monitored as a percentage from the total capacity of the
controller. The capacity of the controller is measured and calculated as bits/sec for the
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same studied high dam controller system. In order to calculate the load of the controller
in this paper, this should be done on the high dam network as a life network. The data
of this network as analog, digital or events will be used in load calculation. Being these
data have a different forms and the system is working hot all the time, it should be
subjected to the probability theorem in the dynamic part of the controller load. Finally
the load of the high dam controller will be calculated according to the high dam data
base dynamics.

2.1 General Controller (CPU) Load Equations

For the controller used in the computer control network such as power stations,
production lines in the factories, and a unified power system, the load consists of static
part and dynamic part. But in the telephone system as example the load is only the
subscriber's requests and it is considered as a dynamic load, beside the internal
activities of the CPU. In the control network there are many data forms. The forms of
data in control network are:

- Al (analog input)

- AIC (analog input calculated)

- AO (analog output)

- AOC (analog output calculated)

- DI (digital input .....Cyclic or interrupt)

- DIC (digital input calculated)

- DOC (digital output calculated)

Based on these data we can estimate a formula for the controller (CPU) load
used in the control fields through, distributed control system, DCS networks.

These types of the controllers are subjected to static load which will be
determined from specification's tables supplied by the manufacturers. These tables are
shown in Appendices A,B for the studied system of the controller used in the high dam
power plant computer network. This controller is ABB made with a module name
(AC450).

The static load is subjected to a certain scan time which should be optimized to
give a stable performance. The base load has a fixed value according to manufacture's
instructions. But the dynamic load is referred to the system dynamics and data
activities applied to the controller.

The load of the controller contains briefly 3 parts:
1- The load used to cover the controller internal activities named the base load.
2- The static load due to the scanning process of the data designed through the

software.
3- The dynamic load due to data variations, system dynamics and operator
requests.
The load of the controller can be expressed in the following form.
Load = base load + static load +dynamic load (D)

2.2 Static Load Calculations

The static load will be calculated using the tables in the appendices A, B below. It is
calculated for A, AIC, A,, DIC, and Do. These data base are explained in details
above.
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2.3 Analog Input (Al) Static Load

From the appendices A, B the analog input data base element can be summarized in the
following tables. This can be seen from the sequence of the calculations mentioned in
appendices A, B.

Table (1) analog input load calculation

serial program NOof data | Scantime | servicetime | Load sum
(ms) (ms) %
1 PCl1.1 8 50 0.2 3.2
2 PC4.4 13 50 0.2 5.2
3 PC14.1 40 200 0.2 4
4 PC31.4 99 500 0.2 3.96
5 PC32.1.4 56 500 0.2 2.24
6 PC54.1 111 500 0.2 4.44
7 PC54.3 116 500 0.2 4.64
8 27.68

2.4 Analog Input Calculated Static Load

Using the appendices A, B and data base movements, the calculations appear in Table
2. This table depicts the load for each PC then all items should be summed to give the

total load.
Table (2) Analog input calculated load
serial program No of data Scan time | service time | Load sum
(ms) (ms) Y%

1 PC3.2 39 200ms 0.003 0585
2 PC4.1 74 200ms 0.003 0.111
3 PC4.2 40 200ms 0.003 0.06
4 PC4.3 0 200ms 0.003 0
5 PC31.1 66 500ms 0.003 0.0396
6 PC31.4 83 500ms 0.003 0.0498
7 PC32.1 83 500ms 0.003 0.0498
8 PC52.1 83 500ms 0.003 0.0498
9 PC54.3 81 500ms 0.003 0.0486
10 0.467

3.5 Analog Output Static Load

The same procedure of section (3.3), (3.4) is also used to calculate the load of analog

output and the results appear in Table 3.

Table (3) analog output static load

serial program No of data Scan time | service time | Load sum
(ms) (ms) %
1 PC4.5.1 13 200ms 0.02 0.13

0.13
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2.6 Digital Input Calculated Static Load

Table (4) shows the static load of the digital input calculated using the same procedure
from appendices A, B.

Table (4) digital input calculated static load
serial Program No of data Service Scan Load% sum
time(ms) time(ms)
1 PC2.1 36 0.003 50ms 0.216
PC4.1,2 51 0.003 200ms 0.0765
3 Pc32,PC54 44 0.003 500ms 0.0264
0.32

2.7 Digital Output Static Load

The digital output static load results can be calculated using same procedure as shown
in Table (5).
Table (5) digital output static load

serial Program NO of Scan time | service | Load sum
data (ms) time(ms) %
1 PC1.9.2 34 200ms 0.003 0.05
PC52.1 16 500ms 0.003 | 0.0096
3 0.0596

Note that the data base elements D;, DOC, AOC can't be calculated because D; (digital
input) in the studied system high dam control network is specified as interrupt; this
means it will be applied to the controller when it changes its position. For the DOC and
AQC are not found in the high dam control network.

2.8 Total Static Load
The total static load = 27.68+ 0.467 + 0.13 +0.32 + 0.0576= 28.65 %

2.9 Dynamic Load Calculations

As mentioned above the dynamic load is raised from the system dynamics like starting
of the generators, load increase, load decrease, and switch on/off of the breakers also
the operator screen requests. In order to calculate the dynamics of the control system
we have to consider the probability theory and probability functions as the following
sections.

3. PROBABILITY THEOREMS FOR CONTROLLER INPUT
SIGNALS

The nature of the data applied to the controller in the control system is:
- Continuous data form (analog)
- Discrete data form (Digital)
For the discrete data base the following mathematical formulas will be used to
calculate the probability for digital signals are:
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3.1 Discrete signals

F(x)=>0 2)

Y F =1 (3)
The equation for discrete (digital) signals in a certain time period will be:

P,=t) *e " In! 4)

Where; P, = Digital input probability (discrete) in a certain period of time (t).

Based on the above equations the probabilities of the discrete data base can be
calculated as the following.

Let P(t) be the probability of one count in time t, so that P(t+At) is the
probability of one count in time t+At Now we will have one count in time t+At in the
following two mutually exclusive cases:

@) 1 count in time t and 0 counts in time At
(ii) 0 counts in time t and 1 count in time At
The probability of (i) is P; (t)(1-.(tAx
The probability of (ii) is Pg (t) 3At.
Thus, apart from terms involving (At)* and higher.

P.(t+At)= P (eX1- A1)+ P (t)AAt (5)
This can be written

Pl(t +A1)- p (1) Ar=A1-2 P, (1) (6)
Taking the limit as Ar — 0 and using the expression for P, (t)=¢™

d p —Ar
So: o l=Ae -1 P, (7)
Or

dp ;

l=A¢ "= 4
dl_ e Pl
d, ]
—f‘+/1p1=/16“ 8)
t

Multiplying by e™ this can be written

d. .

— (" pPy=2 9

S o ©
Which yields on integrating

At -At
P.0)=Ate " +c.e (10

If t=0, P, (0) is the probability of lcount in time O, which is zero. Using this in
equation (10) we find ¢, - 0. Thus

P.(t)=2 e (1)
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By continuing in this manner we can show that the probability of n counts in time t is
given by:

P,©®= (ﬂt)n *o ' In (12)

This is the Poisson distribution.
The discrete data probability can be calculated using also the following formula.

Probability = A/ N (13)

Where:
- 3 =number of events
- N =sample space

3.2 Analog Input Probability

Matlab tools is used to evaluate the continues data probability
The formulas used in continues data evaluation are:

F(X)=0 (14)
IZ F(X )x=1 (15)

So the probability between (a, b) limits will be expressed by the following equation.
b
Pla<X <b)=[F(X ix (16)

The general equation for continues probability (analog input) and (analog input
calculated) can be derived [7].

a

Pla < xb)=C* j fxdx=CLf(b)- f(a)] (17)

b
Where:

C*f(x)=1

3.3 Probability Calculations

The above equations (12), and (17) are solved by Matlab software to find both the
discrete and continues data base probability of the studied system. The final results are
shown in Table (6).

3.3.1 Continuous signals

To calculate the probability of continues signals the Matlab software is used with the
following steps.
1- The signal will be displayed as a trend from the DCS system.
2- Some points of coordinates should be located to represent the trend behavior of
the analog element.
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3- From the coordinates the equation of the trend can be derived using the
function (polyval) in matlab.

4- The resulted function for polynomial should be integrated.

5- Using the above functions the probability can be calculated.

6- For accuracy the probability will be calculated for a different cases and the
mean value should be calculated.

3.3.2 Discrete signals

For discrete (digital input) signal, equation (12) which stated below as equation (18)
should be used. The calculation of the probability will be carried out through matlab
program using the following equation.

P, =) e /n (18)

Where:
- P, = probability of the discrete signals.
- At =constant times the time sample space.
- n=number of signals.

3.3.3 Digital output probability:

The digital output probability can be calculated from the field counts let's go to have a
look on the counts at the point of the high events, that means during the generator start,
generator stop and auxiliaries
The events will be as flows:
1- Generator start sequence=7
2- Generator stop sequence =10
3- Auxiliaries operation. = 6
Total number of events = 7+10+6 = 23
Since probability P = A/N =23/76 = 0.302
Where: A = number of events, N = sample space or total number of data base signals.

3.3.4 Digital input calculated.

The counting of digital input calculated signal also can be done from the field for the
max point of load (start/stop) sequences of the generator the result will be as follows:
1- Standstill, on-line and stop enables (indication) =6.
2-  Unit standstill, ready for synchronize and on-line (working mode) = 6
3- High pump on high pressure >50 bar (indication) = 4
4- Governor 4x-R-0, GP S (7% and 0%) working mode = 8
5- Unit circuit breaker on/off (working mode) =2
6- MG field switch on/off and Aux AVR off (working mode) =3
Total events of DIC =6+6+4+8+2+3 = 29 events
The probability P = A/N =29/58 = 0.5
The total results of the probability seen in table (6) below
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Table (6) calculated probability

serial Data base name probability
1 Al 0.461
2 AIC 0.403
3 Ao 0.321
4 DI 0.0327
5 DIC 0.50
6 Do 0.302
7 AOC |
8 DOC | e

3.3.5 Dynamic load equation estimation:
To estimate the dynamic load we have to refer to the probability theorems.

Dynamic load =
PA]*NI*T1+PAIC*NZ*T2+PAO*N3*T3+PAOC*N4*T4+PDI*NS*T5+PDIC*N6T6+
PDO*N7T7+PDOC*N8*T8 (19)

Where:
- P's= are probabilities for the different data base forms.
- N's = number of data base elements for each kinds
- T's = the service time's

3.3.6 Dynamic load calculation:

To solve equation of the dynamic load, let's consider the DCS system of the high dam
power plant which use (AC450) controller, ABB manufacturing.
The dynamic load formula is as the following:

Load (dynamic) = P*N*T (20)

Where: P= probability, N= number of data base, T= service time.
The following table (7) shows the number of data base and the corresponding service
time.

Table (7) service time and number data elements

Serial Data base Number of data base Service time
1- Al 182 0.15

2- AIC 83 0.08

3- AO 15 0.18

4- DI 384 0.6

5- DIC 58 0.05

6- DO 76 0.13

7- AOC | e | e
8- DOC | | e
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Fig. 1 The measured load of the controller for high dam
3.3.7 Calculations of dynamic signals

1- AI=0.461%182%0.15 = 12.585
2- AIC =0.403%83*0.08 = 2.676
3- A,=0.321%15%0.18 = 0.867

4- DI=0.0327*%0.6%384 = 7. 534
5- DIC =0.5*%0.05*58 = 1.45
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6- Do =0.302*0.13*76 = 2.98
Total dynamic load = 28.1
Base load =the value taken for our analysis is 2 from the controller features.
Static load = 34.875% calculated using ABB instruction manuals.
Load total = 2%+28.65%+28.1 % = 58.75%
This load value should be < 80%
The measured value of the controller load for the high dam power station is as shown
in Fig. 1.

4. CONCLUSIONS

This paper presents the implementations of the probability theorem to calculate the
dynamic load of the controller in a distributed control system for HIGH DAM in
Aswan.

The measured value of the controller load in the studied real system of the
High dam power station as shown in Fig. 1 is used to judge the efficiency of the
proposed method. The probability theorem is used to calculate the controller dynamic
load. The mathematical interpolation is used to derive the function of the trends
comeing out from the information management system of the high dam computer
controller network. The Matlab software is used for the calculation of the controller
dynamic load based probability theory. The comparative studies between the measured
and calculated values indicate the efficiency of the proposed method in the calculation
of the controller load of the studied real system. These encourage using the proposed
method for calculating the dynamic load of the controller for any DCS.
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Appendix (A)

Advant® Controller 450 User’s Guide
Load Calculation Forms

Load Calculation

Load Calculation Forms

Table Calculation of CPU-load from S100 and S800 Inputs

Signal type ;i"g‘:‘g:s Barz:‘c‘;;)ad Sc?;;i)m Dynazmi:)load CI;x:gs?gsﬁc. Total load
At A . B) 2 ) Evd
0.20 0.15
E)=100"A"B/C H)=A"G*"F/10
O H)ﬂ e
AlC A) B) F)
: 0.003 0.08
E)}=100"A'B/C
E
Dlcycl. (™ < 2
0.20/board 0.05
0) E)=100°A"B/C/D
v E)iaiatinn9
: :f’}.:.-,}‘::__ch/board B oD --'{-"A
Dlinterr. |¥ o
0.80
pc & |9 4
— 0,003 0.05
E)=100"A'B/
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Appendix (B)

Advant® Controller 450 User's Guide
Load Calculation

Table  Calculation of CPU-load from S100 and S800 Qutputs

No of Basic load Scan time Dynamic joad | Changes/sec.

Signal type signals (ms) (ms) {ms) per signal Total laad
A0 3 B O wriniimg IO
0.02 0.18
E}=100'A"B/C
AOC Ay B) C)- COEEEL me F) E+H
0.003 0.03
H}=A"G"F/10
Wit S
DO Aj B) ims [P G)“‘._' E+H
0.003 0.13
E)=100"A"B/C H)=A'G'F/10
B %
DOC A 8) € o g 1P
; 0.003 0.03
E}=100"A'B/C H)=AG*F/10
Bz % A 3

Total

e a4y aladiuly Ay suls aSad AGA1 cilasaall Jas qilua

Dk AeSaal) aysill ks colaSae Jleal olua 3 VLY Ak aladiul Gl Gl iy
Jlaal Glua 3 Y Laa) Ayl i 4 aSail) Cplhaall gl Alla & sl jall
Syainsdll€ Clual) Alee 8 Ladiiusall cilasbeall J<5 22wl laiy L aUaill deddiuall il
arill (ol il candl 0By L aSad) Ja Gla b VLY Ak ok oS4l dxkaiially
A el Ayl 4seal ay Lee aSadl) Jead Zuliall dall po iV Laia¥l Ayl aladinly 4y gl
Ll iy Jall o) a5 oo z3ga o da i) diplall (3l 23 285 . oSaall Jas sl

AT Al Y lSadll Jaa Cluad da gl Agylall aladid (Say 4l



