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Summary of Doctoral Dissertation

Title of Doctoral Dissertation: A Research on Facial Visual-Infrared Stereo Vision Fusion Measurement
for Internal State Estimation.

Name: Mohd Norzali Bin Hj Mohd

This thesis is a summary of an integrated system and analysis for non-invasive measurement through purely
imaging means. In this research, 3 vision-based measurement and 2 physiological measurement were implemented in
the system. The thesis is organized as follows.

Chapter 1 describes overview of internal estimation of mental stress based on vision measurement.
Background , introduction , importance and purpose of emotion recognition system are elaborate. In
recent years various methods for internal state measurement to detect mental stress had been proposed.
The problem in the current physiological measurement is that the combination measures may be
redundant with others and this may cause collection of unnecessary large volumes of data and
unnecessary processing time. This motivates the use of vision-based as it only requires crucial data
after pattern recognition and processing of partial image. Motivation and outline of the thesis is also
describes in this chapter.

In Chapter 2, previous studies and problems of previous method related to vision based measurement
are described. The previous work of internal state measurement related to Frequency of eye blinking
in visual domain, facial skin temperature of supraorbital, periorbital and maxillary and blood vessel
volume at supraorbital in thermal domain are also elaborated. Various types of past mental stress
stimulus experiment, stress scale and computational techniques for modelling mental stress is also
written in this chapter.

In Chapter 3, in order to solve those problems mentioned, this study proposed a vision based
measurement as an alternative to physiological measurement that is described in this chapter. Our
methodology is to estimate emotional state from human subjects by extracting facial characteristic in
vision domain which is eye blinking and thermal domain, facial temperature at 3 ROI's blood vessel
volume at supraorbital. Two main topics discuss in this chapter are registration of IR and visible and
facial feature extraction in both visual and thermal domain. Three types of registration technique are
discuss. Registration of IR-Visible by using fever plaster calibration board, SIFT feature matching
and stereo matching by estimation of F matrix.

In Chapter 4, in order to verify the effectiveness and the novelty of the proposed research
methodology, several experiments are conducted. Experimental setup in this study consist of 3 parts
which are experimental setup for vision and physiological sensing, facial feature extraction in visual -
thermal domain and experiment on stimulus experiment, data analysis and classification based on
Support Vector Machine and emotion recognition system. Two main results are being discussed in
this chapter. The first is the result of feature matching and detection in visual and thermal. The second
is stimulus experiment and emotion recognition system.



In Chapter 5, Inadequacies of proposed method and system are analyzed and discussed. Three main
problem regarding internal state measurement are discussed. Ground truth, time variation and
individual variation are mentioned. By measuring the relationship of salivary amilase level and pulse
rate during the experiment, the ground truth can be verified. In order to overcome the time variation
problem, longer and different types of stimulus are proposed. Individual variation are some common
problem in internal state measurement and a lot of researchers are working to overcome this problem.

In Chapter 6, the conclusion of this study was summarized. The proposed methodology shows
promising results because the use of vision based only requires crucial data after pattern recognition
and processing of partial image. The proposed techniques to extract facial characteristic to estimate
emotional state shows good performance.



