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04.3B "Reliability analysis > 2D"
In this step, we'll use an advanced reliability analysis tool, called "EXAKT", to process 
our combined age and condition data sample. 

1. Download and install the EXAKT application.
2. Unzip data file onto your desktop.

Our sample is in a database file called “Cat340T_MES.mdb” in the folder, say, 
“\Desktop\Files_For_Exercise1_Cat”. 

There is also a text file called "AttachScripts.txt" containing scripts to be used.

Download Application and Data file

https://www.livingreliability.com/en/posts/cbm-exercises/
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Sample
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Open the EXAKT for Modeling app
1. Launch the “EXAKT for Modelling” 

program. 1
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Creating a database for building (and maintaining) the model

Slide 3
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1. Hit File and New
2. Then navigate to the folder “\Files_For_Exercise1_Cat”. 
3. Enter File name: Cat340T_WMOD.mdb and hit Save
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Connecting the model to the sample (age and CBM) data

Slide 4
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1. Hit Modeling and Data Setup, 
2. Copy the first script (from the attachScripts.txt file)
3. Paste it into the Attach Script: SetupScript window. Hit Execute, Save

Examine the attachment script. 
Note that it links to our “Cat340T_MES.mdb” database containing the sample.
Then in lines 2 to 6 it attaches a number of tables relevant to the sample. 
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Examining the Inspections table
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1. Double click Inspections in the tree.

Note the column names and content. Ident, Date, and WorkingAge. 
“Ident” is the unique name of each unit of a specific equipment type 
to be analyzed.

The “Date” must be in date or in date/time format if multiple 
readings occur in a 24 hour period.

The WorkingAge is a measure such as hours of operation, fuel 
consumed, thousands of feet of steel rolled, or any other 
measurement used by the EAM to measure the accumulated usage 
or stress on the unit.

Calendar time may be used here if the units operate more or less 
regularly in time. 

2. Close the Inspections table

Examining the Events table

Slide 6
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1. Open the Events table.
Examine the Events table. The Events table holds the age data.
The important Events are:

1. “B” The Beginning of a failure mode life. 
2. “EF” The life’s Ending by Failure, and
3. “ES” The life’s Ending by Suspension. The object part has been 

taken out of service and replaced for any reason other than failure.

“Non-rejuvenating” events may be included. For example an oil change. 
“OC” represents an “oil change” event. 

If the oil change occurs more ore less at regular intervals it doesn’t have to 
be included since the model will "self-adapt" to a periodic drop in condition 
monitoring variable.

2. Close the Events table
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Examining the other tables Hit CovariatesOnEvent

1. Open the CovariatesOnEvent table. 
It contains condition data “initialization values” for each event. In this 
case we are initializing wear metals and contaminants in the lube oil to 
zero and additives to their new-condition levels. We may also establish 
calendar periods for which these initialized values to be used. (For 
example, the brand or grade of lubricating oil may change periodically.)

2. Openthe EventsDescription table. 
The column “Precedence” tells EXAKT algorithm in which order to 

consider separate events that occur at the same date. A CBM inspection 
event, implicitly has a precedence of 0. An oil change event, therefore 

must be given a precedence > 0.

3. Examine the VarDescription table. 
The VariableName columns contains the candidate condition Indicators 
(feature of a time series, Fourier transform, or in this case, oil analysis 
data). Using the modeling functions of EXAKT we will determine which 
features influence failure probability. We call these features “condition 

indicators”.
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Models table 1. Open the Models table.

• It contains no records yet. That is because we have 
not yet begun building a model. 

• This table is populated automatically as we proceed. 
• The only time you might access this table manually 

would be to delete certain trial model that you do not 
wish to retain. 

• In the software, a trial model is called a sub-model.
• It is one of any number of models that we test in the 

modelling process.
• The sub-model that we retain, will be exported for use 

by an automated decision agent
• The agent, called “EXAKT for decisions” or EXAKTd will 

use that model to process new condition data as it 
arrives in designated data tables. 

• The agent will provide optimized decision support, 
most importantly the Remaining Useful Life Estimite 
(or RULE) to the maintenance planner, along with a 
confidence interval.
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The general project data
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Now that we have examined the internal and 
external database tables, we can proceed with the 
development of a CBM optimization model. 

1. Hit Data Preparation
2. Hit the “Enter General Data” button. 
3. Now enter the project information as 

shown. You  can copy and paste from the 
attachScripts.txt file as before.

Combining the Events and Inspections tables into a single "virtual" table C_Inspections

1

2 3

1. Hit the button labelled “With Covariates (Complete)”. (
Open and close a table in the tree if the button is not active.

2. Examine the C_Inspections table. 
Note that the records of both tables (Events and Inspections) have been combined. And they 

have been arranged in chronological order.

3. Close C_Inspections
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Building a trial model with all four candidate CBM variables

1

2
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Now we begin the “modelling” phase of the 
analysis.

1. Hit the “Modelling” button,
2. Hit the “Weibull PHM” button
3. Next hit “Select Covariates”,

We’ll start by building a model with all 4 condition 
variables (iron, lead, calcium, and zinc) present in 
the CBM data.  

4. Enter  “ilcm” for Submodel Name.
5. Move all four elements from the left 

column to the right column.
6. Hit OK twice,
Ignore the convergence warning which is normal 
for small samples.

6

Examining the proportional hazard model parameter estimation results

Slide 12

Number of lifecycles 
in sample

Preventive renewals Units presently 
operating

Shape (Age) 
parameter 

Variable is 
Significant yes 
/no

Measure of scatter

1. Examine the Parameter Estimation 
report

The results of the our first trial PHM calculation 
are displayed in a Parameter estimation report.

Of the 13 histories 6 ended in failure, 3 ended 
prior to a failure, and 4 units are currently in 
operation at the moment of this sample. 
Currently operating units are referred to in 
EXAKT as “temporary suspensions” and they are 
identified automatically by the software. 

The third column “Sign.” indicates significance. 
If Shape is significant, it means that the item's 
working age influences the short term failure 
probability.

In addition to shape, Iron, and Lead are 
designated as significant. 
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Eliminating the non-significant variables

Slide 13

The next step is to try a different model by 
eliminating the variable whose impact on the 
probability of failure is the least significant, that is, 
having the highest p-value, – it is magnesium.

1. Close the PHM Parameter Estimation 
report window and repeat the previous 
steps to create 2 more sub-models:

2. Name the submodel “ilc”, and move 
Magnesium to the right column. 

3. Hit OK twice.
4. Close the report and do the same for 

calcium, which now has the highest p-
value. 

5. Name the sub-model “il”.

We successively removed covariates with the 
highest reported p-Value. 
The other columns in the “Summary of Estimated 
Parameters” table contain supporting statistics. 
They are well-explained in the Exakt Manual. We 
don’t need to go into them in this exercise.

5

Determining if a "simpler" (iron alone) model is good enough

Slide 14

At this point we have a candidate sub-model with two covariates. iron 
and lead, and a shape parameter that are all significant. To be rigorous, 
we should test one last possible combination – a sub-model with iron 
alone. Would a model with Iron alone be as good (that is provide the 
same predictive performance) as a model containing both Lead and Iron.

1. Hit “Select Covariates”, move lead to the left column, and 
rename the model to “I”. Hit OK twice.

The report tells us that this is also a potentially good predictive model 
(i.e. iron alone is still significant). But will it perform as well? In the next 
step we’ll decide which of the two sub-models (i or il) should be retained 
and deployed for decision support.

1
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Comparative report

Slide 15

1. Hit the “Comparative Report” button.
2. In the compare drop down list, select 

il, 
the more complex of the two models. We 
always begin the comparison with the model 
having a greater number of covariates 
(condition indicators).

3. Transfer the “i” submodel to the right 
hand column. Hit OK and 

4. examine the “PHM Parameter 
Estimation – Comparison” report 

The “N” in the second column is telling us that 
the sub-model “i” is not close, in terms of a 
statistic called “deviance” to the base sub-
model “il”. 

This means that this simpler sub-model will be 
less performant than the il model. That is, the il 
model contains significant predictive 
information that is not present in the i model. 
We would be losing confidence by using “i” 
rather than the more complete model “il”.

1 2
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Reactivate the model to be retained “il”

Slide 16

We’ll, therefore, reactivate the “il” model. 

1. Hit anywhere in the left window pane. 
Hit “Modeling” on the menu bar, and 
select “Select Current Model” in the 
submenu. 

2. Select the sub model “il”. Hit OK.

Notice that the current Model "Trans (il)" now 
appears in the title bar of the right hand 
window pane. It may also appear in the title bar 
of the EXAKT main window.
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Testing the 
PHM

Slide 17

1. Hit the Modeling button (not the Modeling menu item). 
2. Hit Weibull PHM. 
3. Hit the “Summary Report” button.
4. The table “Summary of Goodness of Fit Test” report tells us that the 

proportional hazard equation is a good fit to the data we used in its 
construction.

The test used for this is known as the Kolmogorov Smirnov test, which is reliable with large 
samples and relatively few suspensions.

�, � � ; �, �, �̅ =
�

h

�

h

���

��� ����� �

�

���

1

2

3
4

Predicting Condition Indicator values

Slide 18

We’ve constructed an equation that gives us reliability as a 
function of age and condition indicators found to be significant. 
For predictive maintenance, we will also need the probable 
trajectory in time of those condition indicators. We do this by 
defining condition data states. The condition data changes 
(transitions) from one state to another.

1. Hit the “Transition Probability Model” button. 
2. Hit "Transition Rates button". 
3. Examine the Lead bands, and then the Iron bands 

(using the drop down list box "Covariate".

EXAKT has created a set of bands or states. These are “transition” 
states for Lead and Iron. These divisions or bands are used by the 
software to build a “transition probability model”. The transition 
probability model calculates the probability of jumping to 
another state at the next inspection. To create the transition 
bands EXAKT has examined all previous condition data in the 
CBM database and determined reasonable boundaries to define 
the states, e.g. normal, good, poor, marginal, critical. This will add 
predictive capability to our model.

4. Hit OK.

1 2

3

4

17

18



04.3B-BuildingCbmModel 6/7/2021

LivingReliability Inc. 10

Transition probability matrix

Slide 19

1. Hit “Display Survival”. (Hit  “Transition Rates” (if 
the display Matrix Survival button is inactive). )

2. For “Working Age” enter 8000. For 
“Observation Interval” enter 200. Select 
“Display Survival” and hit the ”Report” button.

The “Survival Probability matrix” is displayed. The 
probabilities of Iron values jumping to another state and 
the probability of failure in the upcoming interval are 

displayed in a tabular format.

3. Note, for example, that if we are currently in 
state “0- 4.004” there is a 30.1615% 
probability that iron will move to the next state 
in 200 hours. 

This report provides the probabilities of being in any 
state at some future time. These transition probabilities 
will be used in the prediction and decision model to be 
developed next.

1 2
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Setting the decision (business) model parameters

1 2

3

1. Hit Decision Model. 
2. Then hit Decision Model Parameters. 
3. Select Basic Cost
We choose cost minimization as our optimizing objective.

4. In the Replacement (C) box enter 1200, 
5. In the Failure (C+K) boxe enter 6000, 

6. For Cost Unit enter a $ sign. 
7. And for Inspection Interval enter 250.
8. Hit OK.
9. When the cost function graph appears, it the Full 

Report Icon.
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Examining the optimal decision policy cost analysis

Slide 21

1

The “Condition Based Replacement Policy –
Cost Analysis” report appears. 

1. Examine the “Summary of Cost 
Analysis” table. It says that by adhering 
to the interpretive decisions of our 
model, we’ll achieve a cost savings of 
75.1% over a  replacement-only-at-
failure policy. (We will look at the actual 
decision model in the next step.)

2. Since "optimal" implies a balance or a 
compromise, note, in this example 
that the expected frequency of 
intervention is slightly higher. In other 
words we are buying low cost and paying 
for it with slightly higher preventive activity.

1 2

Decision model testing

Slide 22

1. Hit “Decisions”. 
2. Select all four units in the fleet. Hit Report. 
3. Hit the Full Report Icon. 
4. Hit PgDn to see the results of the model 

applied to the selected equipment.

Successively hitting PgDn, four sets of prediction graphs 
are shown – one for each of the four units in the fleet.

In the next step we'll put the model to work.
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