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Abstract – The scientific paper presents an original contribution regarding the modelling of the
automatic EOL (End of Line) testing process of the Electronic Control Units (ECU) in the production
flow in the automotive industry, by implementing the parallel testing algorithm to reduce the
processing time at the related process station. This modelling operation for optimization must be
implemented without affecting the quality of the automated functional testing process and is
necessary for the application of the Kanban method in the automotive production flow. The process
modelling begins with the analysis of the traditional execution time for each ECU input or output
pin and continues with the development of a parallel test algorithm in which the test time for a
single ECU is substantially decreased. By reducing the processing time of a station in the production
flow, in this case at the EOL test station, a significant improvement in the capacity of the assembly
line is achieved, which translates into cost savings at the resource level. The last part of the paper
highlights the results obtained from the modelling of the process in order to optimize it and
presents our conclusions developed in this case study.
Keywords: End of Line, Electronic Control Unit, Test, Input, Output, Cycle time, Automotive,
Production, CAN, Communication, Diagnostic.

1. Introduction
It’s not just that vehicle complexity is increasing.
Major automotive OEMs and suppliers have decades
of experience and knowledge in engineering and
building cars that are primarily mechanically
operated. Now, the industry is arriving at an
inflection point in which electronics and software
will displace mechanical hardware as the most
critical and valuable vehicle components [1].
Most of the innovations in today's vehicles are
powered by electronic control units (ECUs). This
added complexity can lead to failures, and functional
test offers one last chance to reduce risk and ensure
uncompromising quality. As new innovations drive
up the number of tasks test engineers must perform
throughout the tester life cycle, the time and
resources to complete the task are shrinking. The
only solution to this challenge is to move faster [2].
End of line test systems are used to do a final test
on completed products to ensure that they have
been assembled correctly and work within
designated parameters. They can measure the
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functionality of electronic control units, mechanical
parts and related systems [3].
The EOL process station is an automated process
in which the product (ECU - Electronic Control Unit)
to be qualitatively checked is functionally tested.
During the production phase of the ECU, it is tested
whether the product meets the customer's electrical
requirements in terms of quality.
As the proportion of software dedicated to onboard diagnostic (OBD) systems in each ECU
increases, a method for testing automotive controller
diagnostic software is essential and will ensure each
ECU will function properly in its operational
environment [4].
An ECU, such as the engine management system
in the Electronic Body Systems (EBS) of a car, can
have as many as 140 pins to interface to the ‘real’
world. The ECUs are distributed throughout the
vehicle and communicate with each other in the car
through communication protocols such as Controller
Area Network (CAN), Local Interconnect Network
(LIN), Media Oriented System. Transport (MOST) or
the latest emerging protocol based on FlexRay
technology [5].
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Figure 1. End of Line (EOL) Process Station

Figure 1 shows the physical EOL process station,
where the product is tested.
All inputs and outputs of the product to be tested
are checked individually at the EOL station. 100%
testing is performed on all components and
functional blocks that make up the product.
The diagram of the ECU connection to the EOL
test station is shown in detail in Figure 2. Here all the
inputs and outputs of the DUT are simulated by the
EOL test station:
• DUT inputs are replaced with switches or
signal generators
• DUT outputs are replaced by resistors
• The CAN communication line of the DUT is no
longer connected to the vehicle data bus but is
supervised by the EOL test system.
Replacing the original electronic components of
the ECU (inputs: dedicated sensors; outputs: bulbs,
motors, spark plugs, etc.) with switches and resistors
increases the reliability of the test system, increasing
the life of passive electronic components in the EOL
test system.

Figure 2. ECU input and output diagram at EOL test station
It should be noted that each test step is evaluated.
At the first negative evaluation of a test, the testing
process is interrupted and the DUT from the EOL
station is rejected. Then a technician investigates the
problem that occurred during the test and tries to fix
the ECU.
End-of-line (EoL) testers are responsible for

testing the overall functionality of the product
during the manufacturing process. Under the harsh
conditions of the manufacturing environment, test
systems must simulate all the relevant conditions,
whilst at the same measuring the responses of the
equipment being tested [6].
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2. Test Algorithm
In general, the test procedure consists of the
following steps:
a) Enter the DUT at the EOL process station
b) The production traceability system (database)
is interrogated if the DUT is suitable for
testing (if it has successfully passed the
previous downstream process stations)
c) The DUT is supplied with electricity
d) The communication of the DUT with the EOL
test system is initiated. Here the DUT is
initialized in the diagnostic mode on the CAN
communication line
e) All DUT inputs are checked sequentially, one
by one (Traditional Testing)
f) All the DUT outputs are checked
sequentially, one by one (Traditional
Testing)
g) The consumption current of the DUT is
measured in the normal operating mode
h) The consumption current of the DUT is
measured in standby mode
i) Various calibrations of the DUT are performed
j) Delete any DTC (Diagnostic Trouble Code)
that appear because of the testing process
k) Disconnect the DUT from the EOL station
l) The ECU is sent to the end customer.

checked sequentially, one by one) is in the example
below, for entry X3-16 “Hazard warning button”.
2.1.1. Test for X3-16 Input to OFF State
e1) The EOL station stimulates the DUT input,
X3-16 in the OFF state as in Figure 4;
e2) Wait a time of 300 milliseconds
(T_wait_OFF1) until the input signal
stabilizes in the OFF state;
e3) With the help of the diagnostic messages, on
the CAN communication line, it is
interrogated how the DUT “feels” the X3-16
input, and then the EOL evaluates the DUT
response which must correspond to the OFF
state. The propagation time of the diagnostic
request from EOL to DUT, the execution of
the DUT request and then its response back
to EOL is 100 milliseconds (T_wait_diag);
e4) Wait 100 milliseconds (T_wait_OFF2).

Figure 4. Traditional testing of the X3-16 input in the
OFF state
2.1.2. Test for X3-16 Input to ON State

Figure 3. Test procedure flow
The test algorithm, from figure 3, can be broken
in two ways, it is executed identically in the first
phase from a) to d) then e) and f) can be modelled in
two different ways (Traditional or Parallel), and then
modelling continues identically from g) to l).

2.1. Traditional Test Procedure
The traditional test algorithm for sequentially
checking entries in point e) (All DUT inputs are
150

e5) The EOL station stimulates the DUT input,
X3-16 in the ON state as in Figure 5;
e6) Wait a time of 300 milliseconds
(T_wait_ON1) until the input signal stabilizes
in the ON state;
e7) With the help of the diagnostic messages, on
the CAN communication line, it is
interrogated how the DUT “feels” the X3-16
input, and then the EOL evaluates the DUT
response which must correspond to the ON
state. As in the point e3), the propagation
time of the diagnostic request from EOL to
DUT, the execution of the DUT request and
then its response back to EOL is 100
milliseconds (T_wait_diag);
e8) Wait 100 milliseconds (T_wait_ON2);
e9) The EOL test station deactivates the DUT
input, X3-16 from the ON state to the OFF
state;
e10) Wait 100 milliseconds (T_wait_ON2).
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(2)
The traditional test algorithm for sequentially
verifying the outputs of point f) (All the DUT outputs
are checked sequentially, one by one) above, is in the
example below, for the X4-5 output “RL indicator”
(left rear turn signal lamp).
2.1.3. Test for X4-5 Output to OFF State

Figure 5. Traditional testing of the X3-16 input in the
ON state
From the example above, e1 -> e10, for testing an
input, the test environment time will be:

(1)
From the formula (1) it follows that the average
test time for one input is 1.1 seconds. The total time
for traditional testing for all 19 inputs is described in
formula (2)

f1) The EOL station stimulates the X4-5 output
(using diagnostic messages on the CAN
communication line) in the OFF state as in
figure 6. The latency of the diagnostic
message for activating an output is 100
milliseconds (T_wait_diag_OFF);
f2) Wait 200 milliseconds (T_wait_diag_OFF)
until output signal stabilizes in the OFF state;
f3) The voltage at the X4-5 output terminal is
measured in the OFF state using the EOL test
station measuring instrument. It must meet
the customer's requirements. Measuring
electrical voltage at output X4-5 takes 100
milliseconds (T_wait_U_meas);
f4) Wait 100 milliseconds (T_wait_OFF2).

Figure 6. Traditional testing of the X4-5 output in the OFF state
2.1.4. Test for X4-5 Output to ON State
f5) The EOL station stimulates the X4-5 output
in the ON state, as in figure 7, by diagnostic
messages with a latency of 100 milliseconds
(T_wait_diag_ON1);
f6) Wait 200 milliseconds (T_wait_ON1) until
output signal stabilizes in the OFF state;
f7) The voltage at the X4-5 output terminal is

measured in the ON state using the EOL test
station measuring instrument. Measuring
electrical voltage at output X4-5 takes 100
milliseconds (T_wait_U_meas);
f8) Wait 100 milliseconds (T_wait_ON2).
f9) X4-5 output is deactivated in the OFF state by
diagnostic messages, with a latency of 100
milliseconds (T_wait_diag_OFF1);
f10) Wait 100 milliseconds (T_wait_OFF1).

Figure 7. Traditional testing of the X4-5 output in the ON state
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From the example above, f1 -> f10, it appears that for
testing an output, the test environment time will be
described in (3):

to the OFF state. The total propagation time
of the diagnostic request from EOL to DUT,
the execution of the DUT request and then its
response back to EOL is 100 milliseconds
(T_wait_diag);
e4) Wait 100 milliseconds (T_wait_OFF2).

(3)
The average test time for one output is 1.2
seconds. The total time for the traditional testing for
all the 25 outputs from (4) by the traditional method
is equal to:
(4)
And now the total test time of all inputs from (2) and
outputs from (4) by traditional method is:
(5)
Relation (5), above, results in a test time related
to the traditional algorithm for inputs and outputs, of
51 seconds. The total test time at EOL is 125 seconds.
40.8 % of the total time is used only for testing the
inputs and outputs of point e) and f).

2.2. Parallel Test Algorithm
While there will always be costs associated with
ensuring manufacturing quality, the costs of end-ofline testing in automotive manufacturing tend to be
particularly high. These costs are incurred from
extra staffing to execute and monitor quality
processes, purchasing specialized equipment that
conducts the actual testing, and additional
administrative costs. Time is also a scarce resource
interlinked to both hours worked and money: losing
time can mean lost productivity for a plant [7].
To significantly reduce this test time produced by
the traditional test algorithm, it is necessary to
restructure the input and output test algorithm. For
this, it is necessary to test the inputs in parallel,
continuing with the parallel testing of the outputs.
2.2.1. Parallel Testing of all Inputs in OFF State
e1) The EOL test station stimulates all DUT
inputs, in the OFF state as in Figure 8;
e2) Wait 300 milliseconds (T_wait_OFF1) to
stabilize all input signals in the OFF state;
e3) With the help of the diagnostic messages, on
the CAN communication line, it is
interrogated how the DUT “feels” all the
inputs, and then the EOL evaluates the
response of the DUT which must correspond
152

Figure 8. Parallel testing of all inputs in the OFF state
2.2.2. Parallel Testing of all Inputs in ON State
e5) The EOL test station stimulates all DUT
inputs, in the ON state as in Figure 9;
e6) Wait 300 milliseconds (T_wait_ON1) to
stabilize all input signals in the ON state;
e7) With the help of the diagnostic messages, on
the CAN communication line, the ECU is
interrogated how “feels” all the inputs, and
then the EOL evaluates the ECU response
which must correspond to the ON state. As in
point e3), the time in which the request
propagates from EOL to DUT and the
response from DUT to EOL is also 100
milliseconds (T_wait_diag);
e8) Wait 100 milliseconds (T_wait_ON2);
e9) The EOL test station disables all DUT inputs,
from ON to OFF state;
e10) Wait 100 milliseconds (T_wait_ON3).
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Figure 9. Parallel testing of all inputs in the ON state
Figure 10. Parallel testing of all outputs in the OFF
state

The total test time for all parallel entries is (6):

2.2.4. Parallel Testing of all Outputs in ON State
(6)
2.2.3. Parallel Testing of all Outputs in OFF State
f1) The EOL station stimulates all outputs (using
diagnostic
messages
on
the
CAN
communication line) in the OFF state as in
figure 10. The latency of the diagnostic message
to activate all outputs is 100 milliseconds
(T_wait_diag_OFF);
f2) Wait 200 milliseconds (T_wait_OFF1) to
stabilize all outputs signals in the OFF state;
f3) Measure all electrical voltages at the terminals
of the DUT outputs in the OFF state using the
EOL test station measuring instrument. Since
the time to measure one output is 100
milliseconds, for all 25 outputs, the total
measurement time will be 2500 milliseconds
(T_wait_U_meas). All measured values must
meet the customer's requirements;
f4) Wait 100 milliseconds (T_wait_OFF2).

f5) The EOL station stimulates all outputs to the
ON state, as in figure 11, by diagnostic
messages with a latency of 100 milliseconds
(T_wait_diag_ON1);
f6) Wait 200 milliseconds (T_wait_ON1) to
stabilize all outputs signals in the ON state;
f7) Measure all electrical voltages at the
terminals of the DUT outputs in the ON state
using the EOL test station measuring
instrument. Since the time to measure one
output is 100 milliseconds, for all 25 outputs,
the total measurement time will be 2500
milliseconds (T_wait_U_meas).
f8) Wait 100 milliseconds (T_wait_ON2).
f9) Disables all outputs in the OFF state via
diagnostic messages, with a latency of 100
milliseconds (T_wait_diag_OFF1);
f10) Wait 100 milliseconds (T_wait_OFF1).
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Table 1. Traditional vs parallel of inputs/outputs
Traditional
testing

Parallel
testing

All Inputs [s]

21

1.1

All Outputs [s]

30

7.1

Inputs + Outputs [s]

51

8.2

The total test time including inputs and outputs
from Chapter 2, points a) to l) for both test scenarios
is presented in Table 2.
Table 2. Traditional vs parallel test procedure

Inputs + Outputs [s]
e) to f)
Complete test cases [s]
a) to l)

Traditional
testing

Parallel
testing

51

8.2

125

82.2

Table 2 shows the major differences between
traditional testing and parallel testing.

4. Conclusions

Figure 11. Parallel testing of all outputs in the ON
state
The total test time of all outputs in parallel is
described in (7):

Applying the presented optimization following the
parallel testing model, it can be easily seen that the
test time at the EOL process station has decreased
dramatically from 125 seconds to 82 seconds,
highlighted in Table 2.
Another consequence of the optimization is the
increasing of the ECUs number that can be tested. If
the EOL test station is a bottleneck, then the capacity
of the production line will also increase in the
happiest case with 65.76% resulting from (9)
(9)

(7)
The total parallel test time of all inputs from (6) and
outputs from (7) is equal to (8):
(8)

3. Traditional versus Parallel Testing
The traditional test procedure shows that testing all
inputs takes 21 seconds (2), all outputs last 30
seconds (4).
For parallel testing, testing the outputs takes 1.1
seconds (6), all outputs take 7.1 seconds (8).
Both test times scenarios have been centralized
in Table 1.
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From (9), it appears that the test time gained is
34.24% less than traditional testing. It turns out that
the new parallel testing algorithm brings an
improvement of 34.24% compared to the traditional
testing.
For traditional testing, from the detailed analysis
from points e1) and e6) it follows that the largest
time is wasted by the DUT in stabilizing the inputs
from the OFF state to the ON state and from the ON
state to the OFF state (about 0.3 seconds of each
input) and for the execution of the diagnostic
commands of each terminal to be tested from the
DUT (0.2 seconds for each input). The same scenario
applies to outputs that are tested using the
traditional method. Through the new parallel test
method, significant savings are made in stabilization
time, which is only required once, for all inputs and
outputs.
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In the situation where the test time had to be
reduced, the easiest solution was to supplement it
with an additional test equipment. But this involves
additional financial costs of around several hundred
thousand euros per piece of equipment and a
delivery time of between 10 and 20 weeks,
depending on the complexity of the test system. With
the
new
test
algorithm
and
innovative
implementation work performed by a qualified
engineer who is a human resource of the company,
this becomes possible without additional financial
expenses.
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