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Abstract. A number of publications has focused on detecting and mea-
suring mental stress using infrared tomography as it is a noninvasive
and convenient monitoring method. Several potential facial regions of
interest such as forehead, nose and the upper lip in which stress may
potentially be detectable have been identified in previous contributions.
However, these publications are not comparable since they all rely on
different approaches regarding both experiment design (stressor, ground
truth/reference measurements) as well as evaluation methodology such
as either average temperature monitoring or advanced image processing
methods. We therefore focus on two aspects: Designing an experiment
that allows a reliable induction of mental stress and measuring temper-
ature changes in all aforementioned regions as well as on introducing
and evaluating a GLCM-based method for quantitative analysis of the
recorded image data. We show that signals extracted from the upper lip
region correspond well with high stress levels, while no correspondence
can be shown for the other regions. The suggested GLCM-based method
is shown to be more specific towards stress response than established
measurements based on average region temperature.

1 Introduction

Answering sociological or socio-medical questions regarding stress in humans re-
quires reliable measuring methods for assessing mental or social stress. Workpace
stress and scientific analysis of stressful social situations are examples of scientific
research fields where stress measurements are desirable. Established methods
use contact-based measurements such as electrocardiography (ECG) [1], elec-
troencephalography (EEG) [2] or skin resistance measurements (galvanic skin
response, GSR) [3] to assess stress levels live. When live measurement is not
required or available and the amount of stress a person has experienced during
the last 30 minutes provides sufficient information, then measuring salivary cor-
tisol levels is considered as most reliable stress indicator [4]. Even with these
methods available, human stress researchers are constantly searching for a non-
invasive and contactless stress measurement method. Thermal infrared imaging
has been identified as a potential novel approach due to the supposed correlation
between parameters such as skin temperature or transpiration and stress.
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In our work, we first provide a review of several previous attempts of thermal
infrared stress monitoring together with the respective methodology used. We
then describe the design of our own stress invoking procedure and perform data
analysis on different ROIs using both established and novel methods.

2 Previous Work

In addition to the traditional methods described above, thermal reaction as
immediate stress response has been investigated by several authors utilizing dif-
ferent methods used to invoke stress as well different evaluation methodology:

– Puri et al. [5] used the Stroop Color Word Conflict1 method to inflict stress
on 12 subjects. The thermal response was recorded and a region of interest
on the forehead was analyzed to gain stress information. The reference val-
ues for the experiment were gained by measuring oxygen uptake, assuming
that oxygen uptake is correlated with stress. A correlation between forehead
temperature and oxygen uptake was reported.

– Or and Duffy [6] combine a driving simulator with arithmetic problem solving
to invoke stress. 30 subjects were tested and a correlation of self-reported
stress and nasal temperature was analyzed. Temperature changes of the nose
were found to correlate with stress.

– Merla and Romani [7] used a modified Stroop test as stressor and recorded
several ROIs such as forehead and upper lip. Reference measurements were
acquired by measuring GSR and heart rate. The authors found a correlation
between reference measurements and increased transpiration in the upper
lip region.

– Pavlidis et al. [8] analyze the impact of a challenging manual task. Ex-
pert and novice surgeons were instructed to perform simulated laparoscopic
surgery and the transpiration in the upper lip region was evaluated using
wavelet analysis. The study revealed that transpiration in this region was
much stronger in the novice group than in the expert group, indicating a
correlation between stress and thermal response.

3 Materials and Methods

In this section, we motivate our experiment design and give detailed informa-
tion on the image processing methods applied to the data. All recordings were
performed using an Infratec HD820 camera with a spatial resolution of 1024 x
768 pixels and a thermal resolution of 0.03K.

3.1 Experiment Design

The goal of our experiment was to invoke stress reliably. Additionally, the stress
perceived by the participants should be as high as possible. Preliminary ex-

1 In this method, a word describing a color is shown in a different color, for example
the word ’red’ is shown in green. The participant is asked to name the actual color
(green) instead of reading the word. This conflict is assumed to induce mental stress.
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Fig. 1. Experimental setup. Left: Photograph of the setting with both participants
recorded by the thermal camera against a neutral background. Right: actual infrared
frame from the recording.

periments performed at our lab using the Stroop color word test and different
mathematical challenges had shown that none of the methods was stressing the
subjects in a sufficient manner. Therefore, combinations of several tests have
been evaluated. We picked the test routine that allowed best stress induction
according to self-reports. This is the final routine:

1. There were two new participants in each run. Both participants had to sit
down in front of our thermal camera at a distance of about 1m. They were
put against a thermally neutral backdrop, separated by a barrier and given
cell phones running a software for the Stroop color word conflict that had
been designed for this study. Both participants were wearing headphones and
were allowed to listen to comforting music of their own choice. This allowed
the study coordinator to communicate with one of the participants without
disturbing the other. Both participants were asked to minimize their head
movement if possible in order to allow for better image analysis. Fig. 1 shows
the actual setup.

2. The experiment was described in detail to the participants, giving them the
chance to ask questions. This time frame of about 10 minutes was also used
to allow the subjects to adjust to the room’s temperature.

3. (0:00 - 2:00) The participants were asked to put on their headphones and
recording was started. No stressor was put on the participants for the first
two minutes, this part of the recording was the baseline.

4. (2:00 - 3:30) After two minutes, both participants were given a signal to start
the Stroop test. Stress response was recorded.

5. (3:30 - 4:00) After three and a half minutes, one randomly picked participant
received a signal from the study coordinator to remove their headphones. The
coordinator explained to the person that he/she will be asked to perform an
additional task: On top of continuing with the Stroop test, the person was
asked to perform basic arithmetic operations by adding or subtracting two
two-digit numbers. None of the participants had been informed about this
part of the experiment beforehand. The second participant remained fully
unaware of this additional task, continuing the Stroop test.
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6. (4:00 - 6:00) Four minutes after the recording had been started the addi-
tional stress test was started for the selected participant. The study coordi-
nator asked the person arithmetical questions, giving five seconds to respond.
Wrong answers resulted in the same question being asked a second time, if
a question was not answered within five seconds then the participant was
told to answer faster and given a new question. Both strategies aimed at
increasing the participant’s stress.

7. (6:00 - 10:00) After six minutes, the stress test period for both participants
ended. Both were asked to put down the phones and to remain still for four
additional minutes, allowing to record relaxation effects.

Recording two subjects simultaneously made it possible to use the person that
had to perform only one task as reference and comparing them to the person
that was given the additional task. This was necessary as no ground truth mea-
surement using one of the established methods had been performed. Addition-
ally, recording both participants under identical conditions allowed to minimize
recording-related bias.

3.2 Image Processing Methods

Even with the participants being asked to minimize head movement, minimal
movement still needed to be corrected first. To this end, a tracker based on
thermal active appearance models [9] was used. Subsequently, all ROIs that had
been used in at least one of the previous publications were analyzed: Forehead,
nose tip and upper lip region. The ROIs were defined using landmarks detected
by the tracker. ROI analysis itself was performed using two methods: First, we
computed each ROI’s average temperature as this was the most commonly used
analysis method used in literature. Additionally, we computed the gray-level-
co-occurence-matrix (GLCM) for each ROI and derived the values for contrast,
correlation and energy as defined in standard literature and also used in [10] for
emotion detectionin thermal infrared images.

4 Experiments and Results

The experiment described above was performed ten times with twenty different
participants over the course of several days. AAM tracking, ROI extraction and
analysis were performed as described. In the analysis, we compare the tempera-
ture curves of the double-stressed participants with their corresponding reference
counterparts.

Analysis was performed by computing average ROI temperature and com-
paring both groups qualitatively. Analysis revealed no qualitative differences
between the temperature values for both groups for the forehead and nose tip
region. A small difference in the temperature curves can be seen in the upper
lip region, where the peaks show higher variance for the simultaneous Stroop
part and especially the double-stressed time frame. The curves for the upper lip
region analysis are shown in Fig. 2
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Fig. 2. Average temperature change in ◦C in the upper lip region of stressed (top) and
non-stressed participants (bottom) over time. Same colors belong to corresponding
pairs.

Similarly, GLCM analysis of the nose tip and forehead regions returned
no visible differences between both groups. However, the analysis of the up-
per lip region using the contrast measure showed a strong difference between
both groups exclusively during the double-stressed period. While only minimal
contrast changes were visible in the other time ranges, a strong contrast increase
can be seen in most of the recordings. Also, the recordings show a highly similar
relaxation behavior with the contrast gradually returning to normal levels over
less than 30 seconds (Fig. 3).

Fig. 3. GLCM contrast curve of the upper lip region of stressed (top) and non-stressed
participants (bottom). Same colors belong to corresponding subject pairs.

5 Discussion

Our experiments show a partial confirmation of existing literature. While corre-
lation between the thermal signature of nose tip and forehead regions could not
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be confirmed, we were able to show a correspondence between stress and upper
lip temperature changes, thereby confirming results given by [8]. Methodically,
we were able to show that our proposed GLCM-based approach allows better
identification of stress periods while remaining stable during non-stress phases.

6 Conclusion

We have described a scenario for inducing and recording human stress with a
thermal infrared camera. The recorded data was analyzed according to existing
literature and using a GLCM-based method. Results show that the upper lip
region shows temperature patterns that are temporarily linked to invoked stress.
The changes can be visualized using established average temperature monitoring
and show even higher distinctness when using the new GLCM approach.
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