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1 Change Point Detection

1.1 Make yourself familiar with data and experimental setup

In this exercise we will use data which were recorded to investigate gas discrimination and
quantification of analytes in a turbulent environment with an open sampling system1.

The experiments were carried out in a 5x5x2 room where a steady air flow was introduced.
The gas source was an olfactory display (a device that allows quick switches between different
gas mixtures). The sensors used were 11 metal oxide gas sensors and one photo-ionization
detector. These sensors were placed at a distance of 0.5 m from the outlet of the odor display
as shown in Fig. 1.

Figure 1: Experimental setup in the change point detection experiments used in the exercises.

1I’d like to gratefully acknowledge Yuichiro Fukazawa, Marco Trincavelli, Yuta Wada and Hiroshi Ishida
who collected the data set.
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The air flow at the outlet of the odour display was set to 1 l/min. After setting up the
experiment and closing all openings of the room, an initial period of 10 minutes was introduced
before starting the experiment in which the airflow could stabilize and the headspace in the
vials of the odour display could saturate. Vials with clean air, ethanol and 2-propanol were
used in the experiments. Ethanol was chosen because it is the compound that has been used
most often in the mobile robot olfaction literature. 2-propanol was been chosen because it
has a saturated vapor pressure similar to ethanol (ethanol = 5.9 kPa, 2-propanol = 4.4 kPa
at 20 Celsius degrees). This implies that the range of concentrations observed for the two
compounds will be similar. The amount of fluid in the vials influences the concentration of
the headspace and was therefore set to 2 ml before every experimental run.

Subtask 1 - Estimation of wind speed

Now download the data files

• random stairway 7 091120 01.log,

• random steps 6 091119 01.log and

• random mixture 11 091124 01.log

from the course Web site and estimate the wind speed in all these experiments. Describe your
approach (especially: motivate the crucial choices), write and document your Matlab code
and present your results in the report.

The meaning of the columns in the log files is as follows

1. timestamp (ms)

2. PID readings (ppm - calibrated to ethanol)

3. Mics 2610 (kOhm)

4. Mics 2710 (kOhm)

5. Mics 5521-1 (kOhm)

6. Mics 5121 (kOhm)

7. Mics 5135 (kOhm)

8. Mics 5521-2 (kOhm)

9. Temperature (measured in proximity of Mics sensors) (C)

10. Humidity (measured in proximity of Mics sensors) (RH)

11. TGS 2600-1 (kOhm)

12. TGS 2611 (kOhm)

13. TGS 2620 (kOhm)

14. TGS 2600-2 (kOhm)
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15. TGS 2602 (kOhm)

16. Temperature (proximity of TGS sensors) (C)

17. Humidity (proximity of TGS sensors) (RH)

18. clean air rate (%, set in the odour display)

19. ethanol rate (%, set in the odour display)

20. 2-propanol rate (%, set in the odour display)

The readings of the PID are calibrated on ethanol. In order to get the concentration of
2-propanol, the readings of the PID have to be corrected with a multiplicative factor of 0.6.

The gas sensors are sampled using a 12 bits ADC and therefore the readings are values
between 0 and 4095. In order to convert these values to a resistance the following formula
can be applied:

RS = RV × (
4096

VADC
− 1) (1)

where VADC is the reading of the ADC converter and RV is the value of the resistance of the
other components in the circuit. This value is different for every sensor due to the presence
of trimmers:

• Figaro TGS2600 (1) - 4.287 kΩ

• Figaro TGS2611 - 1.894 kΩ

• Figaro TGS2620 - 1.797 kΩ

• Figaro TGS2600 (2) - 3.507 kΩ

• Figaro TGS2602 - 0.344 kΩ

• e2v Mics2610 - 2.471 kΩ

• e2v Mics2710 - 1.879 kΩ

• e2v Mics5521 (1) - 3.738 kΩ

• e2v Mics5121 - 14.408 kΩ

• e2v Mics5135 - 42.635 kΩ

• e2v Mics 5521 - 1.038 kΩ

Subtask 2 - Detect change points in the Random Stairway experiments

In the Random Stairway experiments, the odor display emits always just one compound,
never a mixture. Random steps between 20%, 40%, 60%, 80% and 100% are carried out
according to a control signal of the olfactory display like the one depicted in Fig. 2.
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Figure 2: Examplary control signal of the olfactory display in the Random Stairway Experi-
ment.

Subtask 2a - Change point detection algorithm, single sensor

Develop an algorithm to detect the change points in the Random Stairway experiments using
a single sensor as input. Test the algorithm with sensors “MiCS 2710” and “TGS2602”.
Describe your approach (especially: motivate the crucial choices), write and document your
Matlab code and present your results in the report.

Subtask 2b - Evaluation

Now identify the ground truth change detection points and define true positives (correctly
identified change points) and false positives. Evaluate the performance of your algorithm in
terms of true positives at a rate of 10% false positives. Evaluate the performance of your
algorithm also in terms of prediction accuracy (how close is the time of the predicted change
point to the time when the change really happened) and delay (how long after a change
happened was it detected by the algorithm). You might want to revise the algorithm from
subtask 2a at this point. Present your results in the report.

Subtask 2c - Comparison of different sensors

Compare the results obtained with different, single sensors. Which one performs best in
combination with your change point detection algorithm? Present your results in the report.

Subtask 2d* - Change point detection algorithm, multiple sensor

Can you come up with an algorithm that uses several sensors as input in order to identify
change points in the signal? How big of an improvement can be achieved?
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