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Abstract 
The paper presents an optimal control approach to operator driven reliability (ODR) which has an impact on the overall operation of a 
facility. Experienced and/or properly trained operators are able to assess and manage the reliability aspects of assets and systems. On the 
other hand, inexperienced and improperly trained operators typically struggle to manage plant performance. Degradation of asset 
reliability, due to gaps in leadership support, technology utilization and employee competency, typically leads to significant, undesirable 
economic, safety and environmental consequences (e.g. in aviation sector). 
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1. Introduction 

As part of their day-to-day activities, operators perform tasks that include process parameter inspections, minor 
adjustments and general observations of machine performance. Plant operators play a critical role within process 
manufacturing facilities. These team members oversee the equipment, assets and personnel necessary to run a successful 
chemical, petrochemical, refining facility or aviation manufacturing plants. Operators maintain and record readings and 
measurements of process control instrumentation and equipment to ensure an optimal level of performance and production, 
while also scheduling and coordinating maintenance efforts as necessary. Ultimately, an operator’s goal is to improve the 
plant’s product quality, efficiency and safety, while complying with applicable regulatory requirements [1]. In some 
facilities, the potential impact that the operations department has on the health of plant equipment is minimized, due to a 
lack of understanding of the value of operator’s duties. For instance, in some cases, operators are simply appointed as 
“valve turners” or “meter readers.” Facilities that do not enforce stringent training programs requiring operators to 
thoroughly understand aspects of the equipment to which they are assigned, the chemistry behind what they are doing and 
how external forces can impact the facility’s processes, are far more likely to fail at optimizing and maximizing efficiency. 
As a result, overall performance of the plant will be negatively impacted. At these facilities, the operators are not 
encouraged or required to understand the complex processes that they are assigned in order to maintain and control the 
equipment or assets [2]. This practice results in process inefficiency, downtime and a higher risk for safety issues. 
Operations departments must ensure that their personnel are trained to quickly troubleshoot and correct problems before 
they get out of hand. For example, if an issue requires the operator to “call out” someone else to initiate corrective tasks, the 
chances of a quick resolution are slim if the operator is not trained or otherwise guided to be able to quickly identify these 
situations and take effective and timely action [1]. In addition to process training, it is also vital that facilities provide 
mechanical and fundamental instrument & electrical (I&E) training relevant to the operator’s assigned area. This training 
enables operators to fully understand the inner workings of their equipment. With this knowledge, they will better recognize 
changes in sound, temperature, vibration, output and other variables, which can facilitate the early detection of degradation 
and pending failure and initiate proactive intervention. Operators can also better control or eliminate external, often random 
failure causes (e.g. oil condition, operating envelopes, etc.) which can significantly increase overall equipment availability 
and economic life. Recognizing the impact of proper operator driven reliability (ODR) on the overall operation of a facility 
cannot be understated. Experienced and/or properly trained operators are able to assess and manage the reliability aspects of 
assets and systems. On the other hand, inexperienced and improperly trained operators typically struggle to manage plant 
performance. Degradation of asset reliability, due to gaps in leadership support, technology utilization and employee 
competency, typically leads to significant, undesirable economic, safety and environmental consequences [9]. 
The operator’s reliability (human’s reliability) is a very important part of System’s reliability. It considers the human faults 
in the whole process. The main goal of the study is to investigate an optimal control approach that can help to define an 
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optimal fault rate reduction series during the training duration of the operator under given conditions which maximizes the 
objective function. 

2. Theoretical Background 

Suppose the operator’s reliability function after a training for a time duration t is defined in the following expression [2]:  
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This is leading to the conclusion that the operator’s reliability ),r(R0 γ is decreasing when the consumed reliability r is 
higher and is increasing when the restored reliability γ is higher. Let’s consider in our case study the following: the restored 

reliability term ∫ ξυ=ξτγ
τ

0
dl),l(),( to be modelled as utility function which needs to be maximized. An optimal control theory 

will further be applied on that purpose.  

 

Suppose an optimal control problem in discrete time with the following periods: 0,1,2...T, and also assume the following [3-
6], [10]:  

}1,...,2,1,0{ −=Θ T  

tx - n- component vector-column of state variable; Tt ,...,2,1,0=       (1) 

tu - m- component vector-column of control variable; 1,...,2,1,0 −= Tt  

tb - s- component vector-column of constants; 1,...,2,1,0 −= Tt  

 
 
In Eq.(1) it is assumed that the state variable tx  is measured at the beginning of each period t and the control tu  is applied 
during this period t . This notation is shown on Fig.1: 
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Fig.1. Overview of state variable tx  and control variable tu   

 

Let’s also define continuously differentiable functions: 
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Hence, the optimal control problem in discrete form can be defined in the following way: 
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subject to constraints: 

( ) 1,...,1,0,,,1 −==−=∆ + Tttuxfxxx ttttt  

0x - given            (3) 

( , ) , 0,1,..., 1t tg u t b t T≥ = −  

 

In our case we consider the problem in a discrete time. For many economics tasks it is necessary to be considered in 
discrete time since sometimes it is impossible to have records in continuous time [7-10]. In case of 
annual/monthly/weekly/daily information, the time series of fault rate management can be expressed as: 

{ }0 1 2, , ,...., Tu u u u u=


          (4) 

 

The resource value is the sum of discounted cash flow obtained during the lifetime of the considered subject- from 0 to T. 
Suppose in our case T=10 days (i.e. the considered subject (training period) is 10 days). Therefore, the resource value is 
[11]: 

0
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where: ( )tC u - cash flow for t-th day; 

         1/(1 )rβ = + - discounting factor 

           r - interest rate of the resource. 
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The fundamental concept from the interest rate theory is the net present value Eq.(5) of the cash flow over time. It 
should be noted that the arbitrage absence supposes that the value of obligation (agreement, contract) should be the net 
present value of the cash flow.  

Consider a cash flow, i.e. the series of periodic payments ( )tC u , discrete in time Tt ,...,2,1,0= . Let the interest rate 
r  is given in discrete complexity and it is applied on the payment periods. Then the net present value is defined by the 
following expression [11]: 

∑
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Another important point related to the cash flow analysis is the return rate. Suppose the following values 
TtuC t ....1,0,0)( => , then the return rate r  can be found by solving of the following non-linear equation: 
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And performing a substitution: 
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Then we get an equation Eq.(7) in the following modified form: 
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and this equation Eq.(9) has unique positive root.  

Therefore, it is very important to obtain a precise evaluation of the unique positive root of given algebraic equation. In 
order to evaluate the unique positive root of Eq.(9), then the equation Eq.(6) has to be expressed in the following way: 
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and it possess unique positive root, where:  

),( 0 uxV 
- the present value of the project;  
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- the sum of discounted cash flows over time. 

From financial modelling point of view, the cash flow can be expressed as a “power function”, i.e. ( )t tC u uα= , which 

has diminishing returns since 0 1α< < . Substituting ( )t tC u uα=  in Eq.(5), then we get the following objective function 
[11]: 
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The trainer can choose the time series of fault rate management Eq.(4) which maximizes the present value functional: 

0( , )V x u  with the following constraint [11]: 

1t t tx x u+ − = −            (12) 

The term tu  is a control variable in our study. It should be noted that equation Eq.(12) says that the decision-maker 
controls the reduction in the fault rate “reserve” from one day to the next. As well as, a numerical solution to a dynamic 
optimization problem requires two endpoint conditions. Suppose the initial(not trained) operator’s fault rate is 4.5 [1/day] 
and the trainer/instructor decides to perform the training for time period of 10 days. Then the initial condition is  
and final one is 10 0Tx x= ≥  (the final condition is associated with the constraint ( , )t tg u t b≥  from Eq.(3)). It is optimal 
to reduce the whole fault rate after training period of time T. In our study it also assumed that the fault rate is non-negative 

value during the whole training period: { }T,...,1,0tfor0u/uu TT =≥=
→

. 

3. Applications 

An application of the proposed modeling for Eq.(5)-Eq.(12) is given in this chapter. Solving for the task is performed 
by using the Excel® software. Table 1 shows the picture of dynamic optimization problem of the fault rate reduction: 

 
Table 1: Optimal Control Task in spreadsheet format 

 

The parameter α  which shows the curve of the daily function of cash flow, is assumed to be 0.8 and the interest rate r  
is 8 %. The formula in cell B3 calculates the discounting factor 1/(1 )rβ = + . The column C implements equation Eq.(12) 
which represents the time series of the fault rate. At the beginning of each day, the fault rate is equal to the rate of the 
beginning of previous day minus the fault rate in previous day, i.e. 1t t tx x u+ = − .  
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Suppose the initial (before training) operator’s fault rate is  which is shown in cell C6. The function “Solver” 
in Excel® is using an iterative algorithm which requires an assignment of initial values of the optimal time series of fault 
rate. And suppose that the operator’s fault rate is managed uniformly each day, for example, with 0.45 [1/day] (cells 
B6:B15, see Table 1). In the last column D- the DCF(t) means discounted cash flow earned during each day t, i.e. t

tuαβ . 

The cell D18 contains the net present value 0( , )V x u .  

The net present value 0( , )V x u depends on the initial fault rate 0x  and on the fault control u , i.e. 0( , )V x u =3.8  if 

0x =4.5 and fault rate of 0.45 [1/day]. However, in that case the uniform fault rate series is not optimal when the future cash 

flows are discounted. Applying the function “Solver” in that case, we can find the optimal fault rate series u  which 
maximizes 0( , )V x u . The constraints in our case are implemented in Solver dialog box: „В6:В15>=0” и „С16>=0”. 

The results from the optimization are shown in Table 2. Then the optimal fault rate reduction series is the following: 
1.47 [1/day] in day t=0; 1 [1/day] in day t=1;  0.68 [1/day] in day t=2; etc. The objective function (cell D18) increases from 
3.8 up to 4.2 if the optimal fault rate series is applied. It is interesting to point out that the optimal fault rate series is with a 
slope that is falling down due to the fact that the discounting factor stimulates to reduce the fault rate faster. And it can be 
seen that the optimal solution satisfies the constraints- to be non-negative the fault rate and the process stops when the fault 
rate is exhausted/minimized.  

  
Table 2: Optimal Control Task (after running optimization) 

 

It is also practically interesting to analyze the sensitivity, i.e. to show the impact of the interest rate over the optimal 
solution. Returning to Table 1 with changing the interest rate (cell B2), and again to start the optimization algorithm. Table 
3 shows the new optimal solution with respect to the modified (increased) interest rate.  

The increasing of the interest rate stimulates faster fault rate reduction: 1.53 [1/day] for day t=0; 1.02 [1/day] in day 
t=1; then smaller reduction according to the newer interest rate (8.5%). The new optimal fault rate series is with higher 
slope since the future cash flows are discounted with higher value. The net present value increases up to 4.13 with the new 
optimal series. The high discounting value explains why now the DCF value is 4.13, even with optimal values.  
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Table 3: Optimal Control Task with change in interest rate 

 

Two factors play an important role over the optimal fault rate series. The discounting factor induces that the fault rate 
has to be reduced faster, but this effect is counterbalanced by the diminishing returns of the daily cash flow. 

 
Table 4: Optimal Control Task with change in alpha parameter 

 

Table 4 shows an optimal fault rate series for the case when the daily cash flow function is with lower value of 
diminishing returns. To represent this situation, the parameter α  is changed from 0.8 to 0.85 and the optimization 
algorithm is started again. The new optimal fault rate series is steeper: 1.82 [1/day] for day t=0; 1.09 [1/day] for day t=1; 
0.65 [1/day] for day t=2; etc. At about 85% from the whole fault rate will be reduced during the first 4 days of training. The 
objective function (cell D18) in this case increasing up to ~4.1 with the new optimal solution.  

Consider the results summarized in Tables 1 and 2: uniform series of fault rate reduction vs optimal fault rate reduction 
series, the fault rate vs training day is plotted in Fig. 2: 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 13 Issue 04, April 2026  

ISSN (Online) 2348 – 7968 | Impact Factor – 6.72 

www.ijiset.com  

8 
 

 
Fig. 2. Fault rate reduction vs training day 

4. Conclusions 

The following major outcomes have been obtained by the performed analysis: 

• The increasing in the operator’s restored reliability shows steeper slope for the case of optimal fault rate reduction 
series compared to the uniform fault rate reduction series (Fig.2). The considered application example shows that 
it is worth applying the optimal fault rate reduction series rather than the uniform fault rate reduction series.  

• The influence of the interest rate over the optimal solution has been analyzed via performing a sensitivity study. 
Faster fault rate reduction can be accelerated by increasing the interest rate (see Table 3): approximately 85% from 
the (initial) fault rate is expected to be reduced during the first 4 days of the operator’s training. 

The proposed study suggests an overlapping between today’s very important and modern subjects like financial modeling, 
applied optimization and human reliability. 
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