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Abstract- The proportion of human-computer interaction still outweighs the computer-computer interaction today. So it 
stands to reason that for a successful communication between aforementioned human and computers, the exchange of 
commands (from the human) and results (from the computer) should be effortless and smooth. For this to be possible there 
has to be similarity or at least understanding of the thought processes that control the other party in question. Since 
theoretically we are aware of the working of a computer’s brain, all that remains is for the computer to be aware of ours. 
Affective computing is a field that is trying to bridge the gap between human emotions and a machine’s response. 
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I. INTRODUCTION 
 
1.1 ROLE OF AFFECT IN ARTIFICIAL 
INTELLIGENCE: 
One would ask, why does my computer need to know 
how I am feeling? Aside from scientific research into 
my psyche, what can this possibly achieve? Well, the 
answer is quite simple. Everything. Anything that we 
do today is based on understanding or the lack of it, 
be it ground-breaking research into the mysteries of 
space or something as simple as grasping a new 
concept. With artificial intelligence, man is trying to 
develop the ability of logic, understanding and 
rational thinking in computers. There are still many 
different schools of thought as to how to achieve this. 
For the larger part of the last century, the role of 
affect was neglected and considered as more of an 
additional feature instead of an important contributor.  
But the work of pioneers like Rosalind Picard, W. 
Friesen, P. Ekman, helped drive home the need for 
affective reasoning in an artificially intelligent 
computer. While developing algorithms and machines 
that could compute and prove mathematical theorems 
like the Automated Theorem Prover [39], it was 
found that even if all the necessary input data was 
provided to the computer, the ability to reason like a 
human was still a dream farther away. 
Facial recognition is one area in affective computing 
that has seen tremendous growth in the last 4 decades. 
With applications ranging from e-learning systems 
[32], affective gaming, giving machine vision to 
robots, detecting angry car drivers and giving them 
easier instructions, analysing shoppers to get direct 
feedback on the product, automated analysis of 
paintings and art pieces, profiling criminals by facial 
analysis, to helping people with a fear of public 
speaking.). 
 
II. FACIAL EXPRESSION RECOGNITION 
 
Facial expressions and gestures are non-verbal signs 
that often help humans recognize the emotions and 
feelings of the other person, many times it is on a 
sub-conscious level and we don’t possess conclusive  

 
proof of “liking” or “hating” a person instinctively. 
Often these can be attributed to the body language of 
another that is decoded reflexively by our minds 
without even knowing about it. What facial and 
gesture recognition technology aims to do is give this 
power to computers. With the help of these invisible 
clues, intelligent agents can infer the mind state in 
which the user is in right now. It may not seem much, 
but the applications of soft wares developed in this 
field are extensive.  
 
In the last few years, considerable success has been 
achieved in the areas of facial expression recognition. 
Classical methods included analysis of 2-D images 
through image processing and appearance-based 
Gabor wavelet approach used in the form of 
consecutive image frames with a dense flow to track 
facial motion [33]. To determine the feature and later 
the actual expression, static image classifiers which 
dealt with feature determination and extraction frame-
by-frame were used. But one of the major drawbacks 
of these methods was the errors generated due to 
image distortion. These image distortions resulted 
from even minor changes in the illumination angles, 
non-rigid motion etc. [33]. This as you can imagine 
was either time-consuming, if a lot of images were to 
be processed or over-generalized as well as 
inaccurate if a large gap between successive readings 
was applied. 
Another more recent approach that gave high 
accuracy rates uses 3-D images for facial recognition. 
With this method, 3-D models like wireframe models 
of facial images are created that represent geometrical 
coordinates of a particular feature [10][23]. The 
movements and location of these features determine 
an expression. 
 
III. PARAMETER SETS USED TODAY 
 
There have been two major parameter standards for 
facial expression recognition. These two endured the 
test of time through various modifications and have 
been morphed over the years to form the basis of the 
parameters that govern recognition algorithms today.  
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For a long time researchers were trying to quantify 
facial expressions and convert that into a 
parameterized system, but with so many different 
opinions for a single problem no unanimous decision 
could be formed as all the approaches and efforts 
were varied and disparate in nature.[8]. 
 
3.1. FAC System: 
But in 1978, psychologist Paul Ekman and his 
colleagues designed the Facial Action Coding system. 
This system categorized the given expression 
between 6 basic emotions: disgust, sadness, anger, 
happiness, surprise and fear. These were later 
classified as ‘prototypic’ and ‘archetypal’ in nature. 
[21] 
In this approach, expressions are based on 
deformation of the neutral face by changes in facial 
muscles individually or together in a combination of 
two or more. These facial muscles or groups of them 
formed units called Action units[9]. Although, not all 
AU’s are made up of facial muscles, most of them 
are. AUs were further divided on their additive 
property i.e. an AU is additive in nature if it isn’t 
affected or dependent on other AUs for its formation. 
For example: AU1 is additive as we can raise the 
inner portion of our brows independently. But non-
additive AUs are a combination of additive or non-
additive AUs.[9] To test for comprehensiveness, 
creators Friesen and Ekman generated more than 
7000 permutations of facial muscle actions with the 
help of the system’s action units.[29]. 
 

 
Fig.1. Upper and Lower Face Action Units. 

 
3.2. FAP System: 
FAP or Facial Animation Parameters were developed 
in the 1990s and incorporated in the MPEG-4 
standard to help the animation and graphics 
community in developing human facial expression 
models. Facial expression recognition researchers 
have now started using the MPEG-4 FAP standards to 
define facial expressions [17]. The MPEG-4 standard, 
defines normal FAPUs or FAP unit values for any 
face model like threshold values or neutral values for 
a ‘rest’ face expression. The FAPUs are defined as a 

fraction of the distances between key facial features 
hence making it a universal approach for a model of 
any shape or size [7]. 
 

 
Fig.2. :A face model in its neutral state and the feature points 

used to define FAP units (FAPU). Fractions of distances 
between the marked key features are used to define FAPU (3). 
 
Although there are around 84 tracking points, not all 
are used for facial expression recognition, which has 
been known to be successful with as little as 11 well-
chosen tracking points. Although care has to be taken 
in choosing non-repetitive, occlusion-free feature 
points that provide definitive input to the system for 
correct expression recognition. 
 

Table 1.:Some of the AUs and their mapping to 
FAPs[20]. 

 
 
FAP and FAC systems are related to each other in 
their underlying principle as both use facial muscles 
and features to determine action units or FAP units 
that serve as the atoms for Expression Recognition 
algorithms [17]. 
By now, many new coding schemes have been 
introduced. Interested readers can refer to Sayette et 
al. for further information on systems like FAST 
(Facial Action Scoring Technique), EMFACS 
(Emotional FACS), AFFEX (affect expressions by 
holistic judgment), FACSAID (FACS affect 
interpretation database).Another popular system 
developed by Tian et al. called Automatic Facial 
Analysis system automatically recognizes 6 upper 
AUs and 10 lower AUs. 
 
IV. HOW DOES FACIAL EXPRESSION 
RECOGNITION TAKE PLACE? 
 
There are 3 distinct processes involved in 
successfully identifying a facial expression by an 
intelligent machine. 
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1. Facial tracking or detection deals with identifying 
and singling out a face from an image or a video and 
removing all background noise associated with that 
frame or Image, no matter how powerful in noise 
intensity. For some real-time detection softwares, 
infra-red technology is used to detect the eyes first, 
after which subsequent FPs or feature points are 
inferred according to the shape of the face and 
positioning of the features. 
One of the earlier face tracking and detection systems 
was the K-L-T tracker. Further models like statistical 
method for 3D object detection by Kanade and 
Schneiderman[26] in 1998, AdaBoost by Viola and 
Jones in 2004[25] and PVBD tracker developed by 
Tao and Huang [23]used novel methods to achieve 
excellent speeds and performance in computation. 
Candide-3 is the most preferred technique for face 
tracking models used by researchers today. [24]. 
 

 
Fig.3. :Identifying face region in an image. 

 
Also, Multistate face models developed by Tian et al.  
Unlike face tracker systems use a different method to 
detect a face, as here the approach is based on the 
permanent and transient expressions occurring on the 
face.[2]  
 
2. Now that the face has been detected, prominent 
and information rich feature points are extracted in 
the process referred to as feature extraction. 
 

 
Fig.4. Feature extraction through changing the default position 

of tracking points 
 
Although, different algorithms use different 
approaches for the same problem, but the foundation 
of all these approaches stem from studying facial 
muscles and their contraction.[17]   
 
3. Last stage is the classification process for which 
different classifiers and sometimes a combination of 

classifiers is used to determine the actual expression 
on the face and on later inference the underlying 
emotion can be derived by including all the 
contributing factors. 
Many different classifiers like LDC (linear 
discriminant classifier) , k-NN (k-nearest neighbour) , 
Support vector machines , Hidden Markov Model, 
Naïve  Bayes  (NB),  Tree  Augmented Naïve  Bayes  
(TAN)  and  Stochastic  Structure  Search  (SSS)etc. 
have been used by different researchers and as such I 
believe they are condition specific and only one 
cannot be generalized as the best classifier in all 
possible scenarios. 
Although researchers like Cohen et al. prefer using 
NB classifier for incomplete data and for cases with 
sufficient information available Tan is a better 
choice.[15] 
Another recent approach has converged facial 
detection and feature extraction into one process. 
Here, both face tracking and extraction of features 
takes place simultaneously to reduce the error rate 
[40]. 
 
V. FUTURE DEVELOPMENTS TO LOOK 
FORWARD TO: 
 
1. In facial image processing, the profile and face 
illumination are tricky areas as slight changes from 
the standard will produce face deformation and 
distort the results. Some AUs that deal with eye 
muscle contraction for an example need the camera to 
be directly in front of the test subject’s face. But 
some AUs like AU29 can only be recognized by a 
sideway profile image [5]. Hence, it is safe to assume 
that either we will need 2 or more different sets of 
cameras installed or the system will be smart enough 
to rotate the camera at appropriate time intervals. 
 
2. Right now, the focus is on detecting longer-lasting 
emotions like mood, macro-expressions etc. since 
short term expressions like micro-expressions [31], 
‘squelched’ expressions [31] are harder to detect, it is 
hoped that future systems will be capable of catching 
these glimpses into the human mind. 
 
3. Image resolution is another point that restricts a 
development of a database at a larger scale. 
Hopefully, facial images of all kinds of resolution 
would be processed in the future. 
 
4. Occlusion is another problem that leads to 
inaccurate detection. If a certain part of the face is 
hidden in the image or video, then by approximating 
and extrapolating the hidden areas for their 
expressions correct results could be generated. [37]. 
 
CONCLUSION 
 
It’s safe to say, that Facial Expression Recognition 
technology has come a long way from the days when 



International Journal of Advances in Electronics and Computer Science, ISSN: 2393-2835 Volume-2, Issue-11, Nov.-2015 

Affective Computing: Facial Recognition Technology 
 

27 

just a couple of forced expressions were easily 
detected with the help of time consuming algorithms 
to an era today when even our smart phones can 
detect our smiles for something as simple as clicking 
a picture and that too instantaneously!!  
It is just a matter of time when facial expression 
recognition will become advanced enough to not just 
detect macro expressions on one’s face as well as the 
micro-expressions that even we have difficulty 
determining. 
 
REFERENCES 
 

[1] VinayBettadapura, Face Expression Recognition and 
Analysis: The State of the Art 

[2] Y. Tian, T. Kanade and J. Cohn, “Recognizing Action 
Units for Facial Expression Analysis,” IEEE Trans. Pattern 
Analysis and Machine Intelligence, vol. 23, no. 2, pp. 97–
115, 2001 

[3] P. Michel and R. Kaliouby, “Real Time Facial Expression 
Recognition in Video Using Support Vector Machines,” 
Proc. 5th Int. Conf. Multimodal Interfaces, Vancouver, 
BC, Canada, pp. 258–264, 2003 

[4] M. Pantic and J.M. Rothkrantz, “Facial Action 
Recognition for Facial Expression Analysis from Static 
Face Images,” IEEE Trans.  Systems, Man arid 
Cybernetics Part B, vol. 34, no. 3, pp. 1449-1461, 2004 

[5] M.  Pantic and I.  Patras,  “Dynamics  of  Facial  
Expression:  Recognition  of Facial  Actions  and  Their  
Temporal  Segments  Form  Face Profile  Image 
Sequences,” IEEE Trans. Systems, Man, and Cybernetics 
Part B,vol. 36, no. 2, pp. 433-449, 2006 

[6] P. Ekman and W.V. Friesen, “Manual for the Facial 
Action Coding System,” Consulting Psychologists Press, 
1977. 

[7] MPEG Video and SNHC, “Text of ISO/IEC FDIS 14 496-
3: Audio,” in Atlantic City MPEG Mtg., Oct. 1998, Doc. 
ISO/MPEG N2503 

[8] P. Ekman, W.V. Friesen, J.C. Hager, “Facial Action 
Coding System Investigator’s Guide,” A Human Face, Salt 
Lake City, UT, 2002 

[9] J.F. Cohn, Z. Ambadar and P. Ekman, “Observer-Based 
Measurement of Facial Expression with the Facial Action 
Coding System”, in J.A. Coan and J.B. Allen (Eds.), The 
handbook of emotion elicitation and assessment, Oxford 
University Press Series in Affective Science, Oxford, 
2005. 

[10] I.S. Pandzic and R. Forchheimer (editors), “MPEG-4 
Facial Animation: The Standard, Implementation and 
Applications,” John Wiley and sons, 2002 

[11] B. Fasel and J. Luttin, “Automatic Facial Expression 
Analysis: a survey,” Pattern Recognition, vol. 36, no. 1, 
pp. 259-275, 2003 

[12] M. Pantic, L.J.M. Rothkrantz, “Automatic analysis of 
facial expressions: the state of the art”, IEEE Trans. 
Pattern Analysis and Machine Intelligence, vol. 22, no. 12, 
pp. 1424-1445, Dec.  2000. 

[13] Z. Zeng, M. Pantic, G.I. Roisman and T.S. Huang, “A 
Survey of Affect Recognition Methods: Audio, Visual, and 
Spontaneous Expressions,” IEEE Trans. Pattern Analysis 
and Machine Intelligence, vol. 31, no. 1, pp. 39–58, Jan. 
2009 

[14] I.Cohen, N. Sebe, F. Cozman, M. Cirelo, and T. Huang, 
“Learning Bayesian Network Classifiers for Facial 
Expression Recognition Using Both Labeled and 
Unlabeled Data,” Proc. IEEE Conf. Computer Vision and 
Pattern Recognition (CVPR), vol.1, pp. I-595-I-604, 2003. 

[15] Cohen, N. Sebe, A. Garg, L.S. Chen, and T.S. Huang, 
“Facial Expression Recognition From Video Sequences: 
Temporal and Static Modeling”, Computer Vision and 
Image Understanding, vol.91, pp .160187, 2003 

[16] Image and Vision Computing, vol. 26, no. 7, pp. 1052-
1067, July 2008. 

[17] R.Cowie, E.Douglas-Cowie, K.Karpouzis, G.Caridakis, 
M.Wallace and S.Kollias,“ Recognition of Emotional 
States in Natural Human-Computer Interaction,” in 
Multimodal User Interfaces, Springer Berlin Heidelberg, 
2008. 

[18] L.Malatesta, A.Raouzaiou, K.Karpouzisand  S.Kollias, 
“Towards Modeling Embodied Conversational Agent 
Character  Profiles  Using Appraisal Theory Predictions in 
Expression Synthesis,” Applied Intelligence,Springer 
Netherlands, July 2007. 

[19] G.A. Abrantes and F. Pereira, “MPEG-4 Facial Animation 
Technology:Survey, Implementation, and Results,” IEEE 
Trans. Circuits and Systems for Video Technology,vol. 9, 
no. 2, March 1999. 

[20] A.Raouzaiou, N. Tsapatsoulis, K. Karpouzis, and S. 
Kollias, “Parameterized Facial Expression Synthesis 
Based on MPEG-4“, EURASIP Journal on Applied Signal 
Processing,vol. 2002, no.10, pp. 1021-1038, 2002. 

[21] P. Ekman and W.V. Friesen, “Constants across cultures in 
the face and emotions,” J. Personality Social Psychology, 
vol. 17, no. 2, pp. 124-129, 1971 

[22] P. Ekman and E.L. Rosenberg, “What the face reveals: 
basic and applied studies of spontaneous expression using 
the facial action coding system (FACS)”, Illustrated 
Edition, Oxford University Press, 1997. 

[23] H.Tao and T.S. Huang, “A Piecewise Bezier Volume 
Deformation Model and Its Applications in Facial Motion 
Capture," in Advances in Image Processing and 
Understanding: A Festschrift for Thomas S. Huang, edited 
by Alan C. Bovik, Chang Wen Chen, 
andDmitryB.Goldgof,2002. 

[24] M. Rydfalk, “CANDIDE, a parameterized face” Report 
No. LiTH-ISY-I-866, Dept. of Electrical Engineering, 
Linköping University, Sweden, 1987 

[25] P. Viola and M.J. Jones, “Robust real-time object 
detection,”Int. Journal of Computer Vision, vol. 57, no. 2, 
pp. 137-154, Dec. 2004. 

[26] H. Schneiderman, T. Kanade, “Probabilistic modeling of 
local appearance and spatial relationship for object  
recognition,” Proc.  IEEE Conf. Computer Vision and 
Pattern Recognition,pp 45-51, June 1998. 

[27] B.D. Lucas and T.  Kanade,“An  Iterative  Image  
Registration  Technique  with  an  Application  to  Stereo 
Vision,” Proc.  7thInt. Joint  Conf.on  Artificial 
Intelligence(IJCAI),pp. 674-679, Aug. 1981 

[28] S. Choi and D. Kim, “Robust Face Tracking Using Motion 
Prediction in Adaptive Particle Filters,” Image Analysis 
and Recognition, LNCS,vol. 4633, pp. 548-557, 2007 

[29] J. Harrigan, R. Rosenthal, K. Scherer, “New Handbook of 
Methods in Nonverbal Behavior Research,”Oxford 
University Press, 2008 

[30] P. Ekman, “Telling Lies: Clues to Deceit in the 
Marketplace, Politics and Marriage,”2ndEdition, Norton, 
W.W. and Company, Inc., Sept. 2001. 

[31] http://www.paulekman.com/micro-expressions 
[32] Hongfei Lin, Fengming Pan, Yuxuan Wang, ShaohuaLv 

and Shichang Sun (2010). Affective Computing in 
Elearning, E-learning, MajaJakobovic (Ed.), ISBN: 978-
953-7619-95-4, InTech 

[33] FadiDornaika and Franck Davoine(2008). Facial 
Expression Recognition in the Presence of Head 
Motion,Affective Computing, Jimmy Or (Ed.), ISBN: 978-
3-902613-23-3, InTech, 

[34] http://ivizlab.sfu.ca/arya/Papers/Others/Synthetic%20Visu
al%20Object%20Coding%20in%20MPEG-4.htm 

[35] http://what-when-how.com/face-recognition/facial-
expression-recognition-face-recognition-techniques-part-1/ 

[36] http://what-when-how.com/face-recognition/face-
alignment-models-face-image-modeling-and-
representation-face-recognition-part-3/ 

[37] I.Kotsia, I. Buciu and I. Pitas, “An Analysis of Facial 
Expression Recognition under Partial Facial Image 
Occlusion,”  



International Journal of Advances in Electronics and Computer Science, ISSN: 2393-2835 Volume-2, Issue-11, Nov.-2015 

Affective Computing: Facial Recognition Technology 
 

28 

[38] F. Bourel, C.C. Chibelushi and A. A. Low, “Recognition 
of Facial Expressions in the Presence of Occlusion,” Proc. 
of the Twelfth British Machine Vision Conference, vol. 1, 
pp. 213–222, 2001. 

[39] Loveland, Donald W. (1978). Automated Theorem 
Proving: A Logical Basis. Fundamental Studies in 
Computer Science Volume 6. North-Holland Publishing. 

[40] F. Dornaika and F. Davoine, “Simultaneous Facial Action 
Tracking and Expression Recognition in the Presence of 
Head Motion,”Int. J. Computer Vision, vol. 76, no. 3, pp. 
257–281, 2008 

 
 

 
 


