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one occurring after sample 1000. The residual outputs are
shown in Figure 6 where the time-series data are plotted in
the left column and the histogram of the residuals, before and
after the fault occurs, in the right column. When comparing
the distributions in the right column it is visible that residuals
r5 and r6 deviate significantly from their nominal behavior
while the other ones does not.

Figure 6. The residual outputs when simulating a leakage in
tank one.

When comparing the model support for r5 and r6 in Table 1,
the intersection of the corresponding equation sets is {e1, e7},
indicating that the fault should affect the part of the system
described by one of the two equations. Equation e1 describes
the water level dynamics in tank one and e7 the sensor mea-
suring the outflow from tank one. A leakage will affect the
dynamics of the water level in the tank since there is an ad-
ditional outflow from the tank not captured by the nominal
model e1 thus correctly narrowing down the location of the
fault. Ideally, r7 should also react to the leakage but is not
deviating significantly in this case. An explanation could be
that the accuracy of the residual model is not good enough to
distinguish the fault.

In the second fault scenario, a clogging affecting the outflow
from tank two is simulated and the residual outputs are shown

in Figure 7. In this case, there is a significant change in the
distributions of residuals r1 and r4, while a small change can
be noticed in r7. Based on the model support in Table 1 the
intersection is {e4, e6}. Equation e4 describes the relation
between water level in tank one and the resulting outflow and
e6 the sensor measuring the level in tank two. The clogging
fault is identified since the fault results in a decreased outflow
described by e4. Note that residual r3, which is sensitive to
a fault in e4 makes a sudden change when the fault occurs
but then goes back to nominal behavior. If a change detection
algorithm applied to r3 also triggers an alarm, e4 would be
isolated uniquely.

The results from the two fault scenarios show that the trained
set of neural network-based residuals can be used to identify
the fault location in the actual system. Even if there were
more than one equation where the fault could be located in
the two scenarios, it gives useful information to a technician
where to start troubleshooting.

Figure 7. The residual outputs when simulating clogging in
the outflow pipe of tank two.

6. CONCLUSIONS

The case study shows that it is possible to perform fault local-
ization of unknown faults using neural network-based resid-
uals without the need of training data from faults. Devel-
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