Selftest by µC to detect faulty capacitors
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Abstract—The presented work concerns the concept of validating measurements of simple analog filter wirings in automotive
electronic control units (ECU). Therefore, open or faulty capacitors should be detected. An input signal is fed to the filter circuit
by means of the microcontroller TC1797, and the filter output
signal for determining the functionality of the filter is received
by the same microcontroller.

The filter circuit in figure 2 shall be tested whether one
or more capacitors are faulty. Assuming that the internal
resistance of the driver is only of a few Ohms, it is neglectible
small compared to the resistance values of the filter.

I. I NTRODUCTION

The step response of the filter is a superposition of a constant value and two weighted remittent exponential functions.

In simple analog filtering, such as used as converter inputs
to the microcontroller in figure 1, signals may be present from
a sensor. If the output signal is erroneous then it is difficult to
differentiate in error localization. But, the diagnosis of faulty
respectively open capacitors can be ensured by self testing
with the ECU. Thereby, the microcontroller has to generate
the test stimulus, the input signal that is fed to the filter,
and has to analyze the test response that is received by the
ADC-unit of the same microcontroller. Following causes may

Figure 1: Simple illustration of the concept
lead to loss or change in the capacitance: Mechanical stress
(vibration), electrical drift, modification of the environment
(gases, humidity), thermal stress (heat) and solder defects
of capacitors or missing mounting. Due to possible failures
during operation and usage there is a need to develop test
facilities that verify the functionality of capacitors in analog
circuitry ensuring the reliability of the circuit. Statistically, in
most cases the capacitances decrease with faulty capacitors,
in other words the capacity is varying near 0. Consequently,
we consider the limit ’C = 0F’ in our work.
II. F ILTER A NALYSIS

A. Filter analysis of the intact filter
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v(t) = v0 ·(0.658+0.278·e−803.60 s ·t −0.936·e−238.82 s ·t ) (1)
The time constants are achieved by inverting the poles of the
intact filter, τ01 =1.24ms und τ02 =4.19ms.
B. Filter analysis in the case of defective
If one of the two capacitors is faulty, the filter degenerates
to a first-order lowpass (see figure 3).

(a) C024 faulty

(b) C025 faulty

Figure 3: Filter, if a) C024 is faulty or b) C025 is faulty
The step response here is an overlapping of a constant value
and one weighted remittent exponential function. The related
time constants are τ024 =2.57ms and τ025 =2.87ms.
v(t) = v0 · (1 − e

−t
τ

)

(2)

If both capacitors are defect, then the filter degenerates to
a pure ohmic voltage devider. The output signal of the filter
is then scaled by a factor k of the input signal:
k=

R373
75
=
≈ 0.658
R371 + R368 + R373
114

(3)

III. B UILD - UP O F T HE T ESTPLATINE

Figure 2: Filter circuit at the ADC input of µC

In figure 4 the test platine is shown on which the filter
circuitry has been placed. As driver is used a MOSFET based
on the following requirements: capacitive load, high peak
current, high slew rate, short lead times and short recharging
times by low output resistance.

IV. E VALUATION C ONCEPT
A. Coherent sampling of the filter
An already predetermined sampling rate of fS =10kHz provides a lower accuracy for our measurements. With coherent
sampling of Mcycle =5 cycles, a higher sampling accuracy can
be achieved. Starting from the time constant τ =4ms of the
intact filter a complete charging and discharging with an error
of less than 1 LSB is reached at 8τ =32ms completely (see
figure 6).

Figure 4: Construction of the test platine
Capacitors are mounted on the board by pin assignment,
so that they can be removed individually to simulate the
individual fault cases as well. The LED’s on the test board
are used for visualization of the evaluation and show the
functionality of the relative capacitors. The switch performs
the change from operation mode to test mode, and ensures
the solitary check of the filter by the microcontroller. At the
interface connector the respective cables are attached to the
corresponding pins of the demonstrator starterkit TC1797. The
following table II provides the pin assignment:

Figure 6: Charge and discharge of the capacitor
The total measurement time for Mcycle = 5 is matched:
Tmeas = 2 · 32ms · 5 = 320ms

At a sampling rate of fS =10kHz (→ TS =0.1ms), this leads to
Nsample =3200 samples:
Nsample =

Table I: Assignment of the connector to the board
connector pins
black
brown
red
orange
yellow
green
blue
purple
grew
white

function
GND
LED-GR
LED-RD
LED-GR
LED-RD
ADC0 [CH10]
VCC
Switch NO
Switch IN
Switch NC

pos. at TC1797
GND
P3.1
P3.2
P3.3
P3.4
AN10
VDDM
P2.14
P2.13
function-generator

Tmeas
320ms
=
= 3200
TS
0.1ms

(5)

For coherent sampling applies:
T0 · Mcycle = TS · Nsample
or

Mcycle
TS
=
T0
Nsample

⇒

(6)

Mcycle
f0
=
fS
Nsample

(7)

with
•
•

Figure 5 depicts the demonstrator starterkit TC1797 with the
test platine.

(4)

•
•

Nsample = sample value;
Mcycle = number of cycles;
fS = sampling frequency of the ADC;
f0 = input frequency

As the ratio of the sampling rate Nsample and the number of
cycles Mcycle must be prime, Nsample must be modified, for
example, to 3199 samples. The input frequency f0 can be
calculated from the relationship of the coherent sampling:
f0 = fS ·

Mcycle
Nsample

= 10kHz ·

5
3199

=

50kHz
7·457

≈ 15.63Hz

B. Analysis in the time domain

Figure 5: Demonstrator

Figure 7 shows the step responses at the output of the filter
for the error-free case and two defective capacitors.The red
curve represents the step response of the intact filter which
is significantly different from the blue or v curve that shows
the step response of a defective filter. Therefore the detection
of a faulty capacitor is achievable. With help of an integral
evaluation of all measured data the time period is determined at
which the rising or the falling curve obtains half the amplitude
(fig. 7). This method has the advantage to average over many
data, so local variation problems are largely compensated. It

is also of the advantage that the method is independent of the
actual obtained maximum and minimum amplitude .

Figure 8: FFT representation of the sampled values
Figure 7: Evaluation in time domain
For a lowpass 1st order filter the time tmed , for which the
average level is reached, is associated with the time constant
τ of the filter over a natural constant.
v(t) = v0 · (1 − e
v0
2

= v0 · (1 − e

−t
τ

)

−t
τ

)

tmed = −τ · ln 12 ≈ 0.69 · τ
For a filter of higher order this simple relationship does not
exist. From the theoretical tmed it can be derived an equivalent
τ . Table II indicates the theoretical and the measured time
constants which are determined from the measurements.

sampling sequence =

N
3199
=
≈ 50
NFFT
64

(8)

Figure 9 shows the analysis of each different case in the
frequency range of the filter: the FFT analysis for the intact
filter, for the cases when the capacitor C024 faulty and the
capacitor C025 is faulty and if both capacitors are defective.
The first amplitude values correspond to the DC value of the
analysis, which are insignificant for our analysis. It will be
consider the first position of the FFT analysis which is the
useful signal corresponding to the data array of the array[5]
as a result of coherent sampling of five cyles. At these columns
differences can be seen. This can be done in a corresponding
capacitors error localization.

Table II: Theoretical and measured time constants
test case
intact filter
C024 faulty
C025 faulty

τ in ms
theoretical
6.17
2.57
2.87

τ in ms
measured
6.20
2.52
2.85

measurement error
+0.58%
−2.1%
−0.63%

The measurement results show that the different faults
can be clearly distinguished by the given method at a high
reliability. As long as valid tolerance ranges are considered,
defective capacitors can be derived from measurement values.
C. Analysis in the frequency domain
In figure 8 the coherently sampled output signal of the
filter is given during 5 cycles. Fast Fourier Transform is
used for checking faulty or open capacitors in the frequency
range. Thereto an FFT test software is implemented in the
microcontroller. The microcontroller has a limited storage
capacity. By a FFT analysis of 3199 samples the storage area
had to be very busy. However, as the controller also has to
perform additional tasks, the FFT analysis should be limited
to a few samples. This means that each 50th value of the
3199 values will be sampled, so that NFFT =26 =64 values, see
figure 8.

Figure 9: FFT analysis of the filter
V. T EST P ROCEDURE
The entire signal flow is shown schematically in figure 10.
The microcontroller TC1797 serves as a test platform which
generates the input signal and receives subsequently the output
signal for analysis. The filter is provided with PWM data in
the operating mode that streams through the switch pin NO
(Normal Open) operated. The ADC unit samples the signal
on the fly. If a verification of the capacitors is performed, the

Figure 10: Flow graph of the test circuit

microcontroller switches the switch from NO to NC (Normal
Contact). Then, the microcontroller generates a rectangular
signal, which is fed via the driver and the switch in the
filter. The output signal is then received by the ADC unit
of the microcontroller. The sampled data are stored with the
DMA (Direct Memory Access) unit in an array. These data are
analyzed either in the time or frequency domain. Depending of
the result, the CPU of the microcontroller drives the respective
LEDs. By doing so, the result is visually displayed. Finally the
microcontroller switches back the switch to NO for normal
operation. The sampling frequency of the ADC unit and the
input frequency of the input signal are adjusted by the LTC
units (Local Cell Timer).
VI. E VALUATION R ESULT

In the figure 11 a) the state of functioning capacitors is
shown. Both of LEDs based on the capacitors C024 and
C025 light up green and thus show the correct functionality.
However the different error cases are shown in figure 11b) - d).
Inside the yellow shaded fields the corresponding capacitors
are missing. They were removed before the evaluation.
VII. C ONCLUSION
Two test methods have been shown that can detect defect
or open capacitors in analog filter circuits by means of
microcontrollers. Thus, the functionality, but also reliability
of a filter can be checked and ensured even during operation.
In the automotive industry it is seen as a diagnostic option
for the ECU without access from outside. The reliability of
a control unit can also be increased with this test method. It
should be possible to test several filters parallel and/or serial,
too.
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(a) LED evaluation of an intact
filter

(b) LED evaluation, if C024 and
C025 are faulty

(c) LED evaluation, if C024
faulty

(d) LED evaluation, if C025
faulty

Figure 11: LED evaluation of the filter
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