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Abstract. Wrinkles, blushing, sweating and tears are physiological manifesta-
tions of emotions in humans. Therefore, the simulation of these phenomena is 
important for the goal of building believable virtual humans which interact 
naturally and effectively with humans. This paper describes a real-time model 
for the simulation of wrinkles, blushing, sweating and tears. A study is also 
conducted to assess the influence of the model on the perception of surprise, 
sadness, anger, shame, pride and fear. The study follows a repeated-measures 
design where subjects compare how well is each emotion expressed by virtual 
humans with or without these phenomena. The results reveal a significant posi-
tive effect on the perception of surprise, sadness, anger, shame and fear. The 
relevance of these results is discussed for the fields of virtual humans and ex-
pression of emotions.  
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1   Introduction 

Communicating one’s emotions serves an adaptive purpose [1, 2, 3, 4]. A person 
might express anger to signal another to cease some action which might be hindering 
his goals. A person might express shame to convey regret for breaking some accepted 
social rule. In fact, emotions play a significant role in social interaction where partici-
pants continuously monitor and respond to each other’s emotions while pursing their 
own goals. As to the manner emotions are expressed, besides facial expression, vo-
calization and appropriate gestures, several other autonomically mediated signals 
accompany emotions such as changes in coloration that result in local blood flow 
(e.g., flushing, blushing, blanching and bulging of arteries), whereas others involve 
additional detectable changes such as piloerection, sweating (and accompanying 
odors), tearing and crying [5]. As we try to build embodied virtual agents, or virtual 
humans, which communicate emotions effectively and naturally with humans [6], we 
should also simulate these autonomically mediated signals. 

This paper describes a model to express emotions in virtual humans using wrin-
kles, blushing, sweating and tears. Regarding wrinkles, two kinds can be distin-
guished [7]: (a) permanent wrinkles, which are caused by aging and habitual facial 
expressions as the skin looses elasticity; (b) temporary wrinkles, which are caused by 
deformations of the skin layers as a result of muscle contraction. In this work we are 
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interested in the subset of the latter which is associated with emotional facial expres-
sions. The argument here is that wrinkles can be an important, if not crucial, clue to 
the perception of the emotion the agent is trying to convey. In particular, the work 
focuses on simulation of wrinkles in the forehead caused by the expression of sur-
prise, sadness and anger. 

Blushing manifests physiologically as a spontaneous reddening of the face, ears, 
neck and upper chest as the small blood vessels in the blush region dilate, increasing 
blood volume in the area [7]. Blushing, aside from being associated with self-
consciousness, can be accompanied by social anxiety, uneasiness, embarrassment, 
shame or happiness (e.g., when someone receives an undeserved praise) [8]. Several 
theories of blushing have been proposed: (a) the interpersonal appraisal theory ar-
gues that blushing arises from being self-aware and thinking about what others are 
thinking of us [9]; (b) the communicative and remedial theory argues that blushing is 
a save-face action which acknowledges and apologizes for breaking an accepted so-
cial rule [10]; the social blushing theory expands on the previous one (e.g., explaining 
cases where blushing occurs with positive emotions) and argues that blushing will 
occur when undesired social attention is given to someone [8]. In this work we are 
interested in the fact that blushing serves an important communicative function and is 
associated with certain characteristic emotions. In particular, the work focuses on 
simulation of blushing associated with two self-conscious emotions - shame (with 
negative valence) and pride (with positive valence).  

Sweating is primarily a means of thermoregulation but can also be caused by emo-
tional stress [7]. This latter form is referred to as emotional sweating and manifests 
physiologically in the palms of the hands, soles of the feet, axillae and head [11, 12]. 
This form of sweating may occur in situations where an individual is subjected to 
fearful situations or the scrutiny of others (e.g., talking in public or to a superior) and 
is particularly evident in shy and social phobic individuals [13]. This work focuses on 
the simulation of sweating in the forehead associated with fear. 

Crying is usually associated with the experience of intense emotions in situations 
of personal suffering, separation, loss, failure, anger, guilt or joy [14]. Crying mani-
fests physiologically through the shedding of tears and a characteristic noise (which 
might become concealed with age). Several explanations have been advanced for 
crying: (a) in one view, crying is seen as being cathartic and a release after an intense 
experience [15]; (b) in another view, attachment theory explains crying as an appeal 
for the protective presence of a parent [16]. For the infant, crying is used to call the 
attention of its care-takers in face of some urgent need (e.g. danger). Later in adult-
hood, crying continues to be a reaction to a loss and to carry an attachment message 
which seeks to trigger a response from its “care-takers” (e.g., spouse or friends). 
Thus, two factors motivate the simulation of tearing in our work: first, the important 
communicative function it serves; and second, its association with the expression of 
strong emotions. The focus of the work is in the simulation of tearing which occurs 
when experiencing intense sadness.  

A study was also conducted to evaluate the influence of our model of wrinkles, 
blushing, sweating and tears on the perception of surprise, sadness, anger, shame, 
pride and fear. The study follows a repeated-measures design where subjects compare 
images of a virtual human expressing each of the aforementioned emotions with or 
without wrinkles, blushing, sweating and tears.  
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The rest of the paper is organized as follows: Section 2 describes related work; 
Section 3 describes the model for simulation of wrinkles, blushing, sweating and 
tears; Section 4 describes the experiment conducted to assess the influence of the 
model on the expression of sadness, anger, surprise, fear, shame and pride; finally, 
Section 5 discusses the results and future work. 

2   Related Work 

Three kinds of methods have been explored to simulate wrinkles: texture mapping, 
physically-based and geometric methods. Texture mapping methods rely on the bump 
mapping technique [17] to simulate wrinkles. Bump mapping simulates small details 
in an object’s surface by locally changing the vertices’ normals and, thus, affect the 
lighting calculation without deforming the object’s geometry. Normal deformation 
can be defined using a texture, called a normal map, or calculated on-the-fly. Physi-
cally-based methods [18, 19] approximate the biomechanical properties of skin and, 
dynamic wrinkles emerge naturally as a consequence of skin deformation under the 
influence of muscle contraction. These methods tend to produce very realistic visual 
results and dynamic behavior for the wrinkles but, are very expensive computation-
ally. Geometric methods avoid the computational cost of physical models by deform-
ing the geometry, so as to simulate dynamic wrinkles, based on geometrical properties 
[20, 21]. This work uses bump mapping to render the wrinkles and normal map inter-
polation to simulate wrinkle dynamics.  

There have been fewer systems developed for the simulation of blushing. Kalra et al. 
[22] define several textures with appropriate coloration of the face which are then inter-
polated appropriately according to the prevailing emotion. Jung et al. [23] also rely on 
predefined textures to simulate coloration of the face. The model presented here does not 
rely on textures and applies color to user-defined regions in the face.  

Regarding tearing and sweating, several researchers [24, 25] have simulated the 
physical properties of water drops as well as its interactions with other water drops 
and solid surfaces. These systems, even though producing very realistic visual results, 
are far from being real-time. Jung et al. [23] propose a rare implementation of real-
time tearing. Their system simulates refraction of light and strong highlights in tear 
drops. Tearing dynamics rely on 3D textures, which define a sequence of keyframe 
normal maps with a gloss map in the alpha channel, to animate the tears in real-time. 
This work also uses 3D textures to simulate dynamics but also explores another sim-
pler technique. Furthermore, besides simulating strong highlights in the tears, high-
lights in the eyes are also simulated. Finally, sweating is easily implemented with the 
tears model by using appropriate normal and dynamic textures. 

3   The Model 

The model for wrinkles, blushing, sweating and tears has strict real-time require-
ments. First, following the paradigm of human face-to-face conversation, virtual hu-
mans need to integrate several verbal and nonverbal modalities [6]. Therefore, these 
new forms of expression need to integrate with the usual facial, bodily and vocal 
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expression channels. Effectively, in this work the proposed model is integrated with 
an existent platform for virtual humans [26]. Second, virtual humans’ behavior un-
folds in time subject to various sub-second temporal constraints [6]. For instance, 
gestures which accompany speech must closely follow voice cadence. If these timing 
requirements are not met, the effectiveness of the communication breaks down. 
Therefore, the challenge is not to simply integrate the state-of-the-art in the tech-
niques for simulation of each expression modality but to strike a balance between 
visual realism and behavioral realism. The idea of a believable character, which need 
not be visually realistic, but whose behavior provides the illusion of life and thus 
permits the audience’s suspension of disbelief, applies here [27]. Therefore, this work 
steers away from physical models of wrinkles, blushing, sweating and tears which, 
even though creating visually realistic results, are very expensive computationally. 
Furthermore, our model makes extensive use of the graphics processing unit or GPU. 
The GPU implements a hardware-supported programmable graphics rendering pipe-
line where certain stages can be set to run user-defined programs, called shaders, 
written in a special language [28]. The advantage of using the GPU over pure soft-
ware solutions is the considerable increase in speed we gain from hardware accelera-
tion. This factor is likely to play a significant role in virtual human research as the 
models for expression modalities become more and more complex and new modali-
ties are integrated.  

3.1   Wrinkles  

Wrinkles are simulated using bump mapping with normal maps. One normal map 
represents a typical temporary wrinkle pattern associated with a certain emotion. 
Wrinkle dynamics are then synchronized with the underlying pseudo-muscular model 
for facial expressions [26]. To implement this, three steps are taken. First, the vertex 
structure is augmented to contain binormal and tangent vectors which, together with 
the normals in the normal map, define a frame of reference on which lighting calcula-
tions, accounting for bump mapping, are performed [28]. Second normal maps for the 
wrinkle patterns are created. For each, the following procedure is realized, Fig.1: (a) a 
picture is taken with a person doing the respective wrinkle configuration; (b) the pic-
ture is cropped and converted to grayscale; (c) the picture is composited onto the 
virtual human texture; (d) the composited picture is edited to remove color informa-
tion everywhere but in the wrinkle region, a Gaussian filter is applied to blur the im-
age and the side borders are faded into the background color; (f) finally, the 
NVIDIA’s normal map tool1 is used to create the normal map. The third and final step 
is to create a shader program to run in the GPU which, given the data from the previ-
ous steps, actually applies the bump mapping technique while at the same time pro-
viding the following expression parameters: (a) one or more normal maps to apply; 
(b) the interpolation level between the images with and without bump mapping  
applied. The first parameter supports composition of wrinkle patterns, whereas the 
second implements wrinkle dynamics by synchronizing it with changes in the pseudo-
muscular model of the face [26]. The results for the emotions of surprise, anger and 
sadness are shown in Fig.2-(a) to (c). Fig.2-(d) shows how this effect can also be 
applied to simulate bulging of arteries in anger. 

                                                           
1 Available at: http://developer.nvidia.com/object/nv_texture_tools 
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Fig. 1. Methodology to get normal maps for wrinkle patterns 

 

Fig. 2. Expression of surprise, sadness and anger using wrinkles 

3.2   Blushing  

The basic idea for simulating blushing is having a way to selectively apply a color tint 
over certain vertices in the virtual human mesh (e.g. the vertices in the cheek). To 
accomplish this, four steps are taken. First, a floating-point value, called mask, is 
added to the virtual human vertex structure (which already has position, normal, skin-
ning blend weights and texture coordinates). This value provides the foundation for 
defining custom subsets of the virtual human mesh, which we call mesh masks. A 
coding scheme, not described in the paper, is adopted which supports the association 
of up to 8 masks with each vertex. Thus, mesh masks can be overlapping. Second, a 
tool is developed to support the interactive creation of mesh masks. Once the mask is 
finished, the tool allows saving the mask in XML format. Having developed the tool, 
the third step is to use it to define masks for the areas of the face where blushing is to 
occur. Two masks are created: one for the cheeks; and one for the cheeks, forehead, 
nose and ears. The fourth and final step is to create a shader program to run in the 
GPU which tints the vertices in the specified mask. An important detail is that the tint 
is multiplied with the diffuse light component and, thus, the portion of the mask in the 
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dark does not get painted. Several expression parameters are defined for this shader: 
(a) color of the tint (e.g., reddish for blushing); (b) mask to apply the tint; (c) fadeoff 
at the boundary, which defines how far the pixels in the (outside of the) mask bound-
ary get affected by the color tint. Blushing of the cheeks and the full face, which can 
be associated with shame or pride, are shown in Fig.3-(b) and (c).  

 

 

Fig. 3. Expression of shame and pride using blushing 

3.3   Tearing and Sweating  

Simulation of tearing consists of modeling the properties of water and its dynamics. 
Regarding the former, the material properties of water were defined to have a very 
high specular component, a low diffuse component (e.g. RGB color of [10, 10, 10]) 
and a null ambient component. The water is, then, rendered using bump mapping with 
a normal map of a typical pattern of tears. The normal map’s alpha channel is set to a 
nonzero value in the tearing (sweating) zone and to zero elsewhere. This channel is 
then used to composite the tears (or sweat) on top of the virtual human image. More-
over, the specular component of the eyes is increased to simulate accumulation of 
water in the eyes in the case of tearing. Regarding dynamics, two approaches are 
explored: (a) volume textures, which consist of a sequence of normal maps defining 
keyframes which are then interpolated to animate the tears (or sweat); (b) definition of 
a dynamics texture, which consists of a unique grayscale texture which defines how 
tears (or sweat) evolve in time being black the earliest and white the latest. This tex-
ture can then be used to interpolate a value which defines how much of the normal 
map is rendered at each instant. Each one of these mechanisms has its advantages and 
disadvantages. The first allows greater expressive control but at the cost of higher 
memory requirements and artistic effort. The second has lower memory requirements 
and requires less artistic effort but is less flexible than the former. Finally, both the 
properties of water and its dynamics are defined in a shader program to run in the 
GPU which defines parameters to set which animation mechanism to use and  
the current time in the animation. Results for the expression of sadness using tears are 
shown in Fig.4-(a) to (c). Fig.4-(d) shows simulation of sweating in fear. 
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Fig. 4. Expression of sadness using tears and fear using sweating 

4   Evaluation 

4.1   Design  

A study was conducted to evaluate the influence of the wrinkles, blushing, sweating 
and tears model on the perception of surprise, sadness, anger, shame, pride and fear. 
The experiment followed a repeated-measures design with two conditions per emotion: 
the control virtual human, which uses only facial expression to convey the emotion; 
the expressive virtual human, which uses facial expression and wrinkles, blushing, 
sweating and tears to convey the emotion. Subjects are asked to classify, for each con-
dition, whether the virtual human expresses the emotion on a scale from 1 (meaning 
‘doesn’t express the emotion at all’) to 10 (meaning ‘perfectly expresses the emotion’). 
The order of presentation of the emotions is randomized. The order of presentation of 
the conditions, given an emotion, is also randomized.  

The control and expressive conditions for each emotion are shown in Fig.5. The 
virtual human, in both conditions, assumes a typical muscular configuration of the 
face [29]. The virtual human in the expressive condition rely, additionally, on wrin-
kles, blushing, sweating and tears as follows: surprise, sadness and anger are given 
typical wrinkle patterns in the forehead; sadness is also associated with tears and 
shiny eyes; anger is also associated with bulging of arteries in the neck region and a 
light reddening of the face; pride and shame are associated with blushing of the 
cheeks; and, fear is associated with sweating of the forehead. 

4.2   Procedure  

The survey was implemented as an online survey. Forty-four participants were re-
cruited with the following age distribution: 11-20 years, 6.8%; 21-30 years, 47.7%; 
31-40 years, 31.8%; 41-50 years, 6.8%; and, 51-60 years, 6.8%. Gender distribution 
was as follows: female, 54.6%; male, 45.4%. Most had college education or above 
(90.9%) from diverse fields. Participants had diverse origins: North America, 38.6%; 
Europe, 36.4%; Asia, 13.6%; and, Africa, 11.4%. 
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Fig. 5. Control and expressive conditions for surprise, sadness, anger, pride, shame and fear 

4.3   Results  

The Kolmogorov-Smirnov test was applied to assess the normality of the data in each 
condition in each emotion. The results show that the control conditions for surprise 
(D(44)=0.12, p>.05), sadness (D(44)=0.13, p>.05) and shame (D(44)=0.10, p>.05) are  
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significantly non-normal. Therefore, the dependent t test was used to compare means 
between the expressive and control conditions in pride, anger and fear as shown in 
Table 1; and, the Wilcoxon signed-rank test was used to compare ranks between the 
expressive and control conditions in surprise, sadness and shame as shown in Table 2.  

Table 1. Dependent t test statistics for difference in means between the expressive and control 
conditions for the following emotions: PRIDE; ANGER; and, FEAR (df = 43) 

95% CI Variables Mean Std. Dev. Std. Error 
Mean Lower Upper 

t Sig. 
2-sd 

PRIDE -0.182 1.369 0.206 -0.598 0.234 -0.881 0.383 
ANGER* 1.886 1.186 0.179 1.526 2.247 10.555 0.000 
FEAR* 0.523 1.338 0.202 0.116 0.930 2.592 0.013 

* Significant difference, p < 0.05 

Table 2. Wilcoxon signed-rank test statistics for difference in mean ranks between the expressive 
and control conditions for the following emotions: SURPRISE; SADNESS; and, SHAME (N = 44) 

N Mean Rank Variables 
Neg. Pos. Ties Neg.  Pos. 

Z Sig. 
2-sd 

SURPRISE* 19 8 17 14.39 13.06 -2.069 0.039 
SADNESS* 34 2 8 19.32 4.50 -5.152 0.000 
SHAME* 29 6 9 19.02 12.69 -3.952 0.000 

* Significant difference, p < 0.05 
 
The results in Table 1 show that, on average:  

• Subjects perceived the virtual human with blushing (M=5.73, SE=0.33) to be less 
expressive of pride than the control virtual human (M=5.91, SE=0.34). However, 
this result was not significant: t(43)=-0.881, p>.05, r=0.1332;  

• Subjects perceived the virtual human with wrinkles, veins and blushing (M=7.91, 
SE=0.28) to be significantly more expressive of anger than the control virtual 
human (M=6.02, SE=0.314, t(43)=10.555, p<.05, r=0.849);  

• Subjects perceived the virtual human with sweating (M=6.89, SE=0.31) to be 
significantly more expressive of fear than the control virtual human (M=6.36, 
SE=0.32, t(43)= 2.592, p<.05, r=0.368).  

The results in Table 2 show that, on average:  

• Subjects perceived the virtual human with wrinkles (M=5.84, SE=0.31) to be 
significantly more expressive of surprise than the control virtual human (M=5.36, 
SE=0.32, Z=-2.069, p<.05, r=-0.3123);  

• Subjects perceived the virtual human with wrinkles and tears (M=7.93, SE=0.27) 
to be significantly more expressive of sadness than the control virtual human 
(M=6.18, SE=0.27, Z=-5.152, p<.05, r=-0.777);  

                                                           
2 Effect size for the dependent t test statistic is calculated as suggested by Rosenthal [30]. 
3 Effect size for the Wilcoxon signed-rank test is calculated as suggested by Rosenthal [30]. 
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• Subjects perceived the virtual human with blushing (M=6.55, SE=0.31) to be 
significantly more expressive of shame than the control virtual human (M=5.52, 
SE=0.31, Z=-3.952, p<.05, r=-0.596). 

5   Discussion 

This paper presents a real-time model for the expression of emotions in virtual hu-
mans using wrinkles, blushing, sweating and tears. Wrinkles are rendered using bump 
mapping with normal maps representing typical wrinkle patterns and its dynamics 
simulated using normal map interpolation synchronized with the underlying pseudo-
muscular facial model. Simulation of blushing relies on application of color to  
selected subsets of the virtual human’s mesh and interpolation of color at the pixel-
level. Tears and sweating are rendered using bump mapping with a normal map for 
typical patterns and by simulating some of the properties of water. The dynamics of 
tearing and sweating are simulated using either volume textures or a special dynamics 
texture which maps time into grayscale values. The model is also integrated with a 
virtual humans platform which supports bodily, facial and vocal expression and, 
moreover, is implemented making extensive use of the GPU. 

A study is also described to assess the influence of the model on the perception of 
surprise, sadness, anger, shame, pride and fear. The results show a large effect on the 
perception of anger, sadness and shame; a medium effect on the perception of fear 
and surprise; and, no effect on the perception of pride. This suggests that the model 
can improve the perception of anger, sadness, shame, fear and surprise. One explana-
tion for this might be that the communicative functions wrinkles, blushing, sweating 
and tears serve in human-human interactions [5, 8, 12, 14] can also carry to human-
virtual human interactions. The fact that no effect is achieved with blushing in pride 
could be explained for three reasons: (a) the physiological manifestation of pride is 
not successfully simulated by our model; (b) the facial expression of pride is not uni-
versal [29]; (c) further contextual cues are necessary for the association of blushing 
with pride (e.g., the knowledge that an individual’s accomplishments could have been 
easily missed in virtue of the quality of the work of others) [8].  

The results also suggest that wrinkles, blushing, sweating and tears can be used to 
convey intensity of emotion. Effectively, even in the control condition, where the 
virtual human relied only on proper configuration of the muscles in the face to convey 
emotion, subjects, on average, were already giving relatively high classifications 
(surprise: 5.36; sadness: 6.18; anger: 6.02; shame: 5.52; pride: 5.91; fear: 6.36). Still, 
the expressive conditions managed to increase the average classification for all emo-
tions (surprise: 5.84; sadness: 7.93; anger: 7.91; shame: 6.55; fear: 6.87) but pride 
(5.73). Being able to control the intensity of the expressed emotion is, of course, use-
ful in regulating human-virtual human interactions [6]. However, display of strong 
emotions should be used with care. For instance, it would be unreasonable to always 
use bulging of arteries to express anger or tearing to express sadness as these occur 
only in specific cases in human-human interactions [5, 16]. 

Future work consists of developing computational cognitive models for blushing, 
sweating and tears. Notice wrinkles occur naturally with the deformation of the under-
lying muscles and, therefore, can be considered to be a physical, rather than cognitive, 
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phenomenon. Regarding the other phenomena, the cognitive models need to define 
clearly the respective eliciting conditions. In this work we assumed a simple associa-
tion between emotions and blushing, sweating and tears. However, this association is 
not that simple and there are several factors influencing the magnitude and whether 
these physiological manifestations occur when experiencing the corresponding emo-
tions [5, 8, 12, 14]. For instance, individual factors are known to influence the display 
of blushing [8], sweating [11] and tears [14].  

Furthermore, a study needs to be conducted to evaluate the dynamics of emotion 
expression using the proposed model. The way emotion expression unfolds in time is 
known to influence its perception. For instance, it has been shown that subtle varia-
tions in facial dynamics can have an impact on how much people are willing to trust 
and cooperate with a person [31]. Subjects in our study compared only static images 
of the virtual human. What is required is a second study which asks subjects to com-
pare videos of the virtual human in a control and expressive conditions.  

The proposed model can also be used to display more autonomically mediated sig-
nals. The wrinkles model is used to display bulging of arteries in the neck but, this 
effect can also be used to simulate bulging of arteries in other regions of the body and, 
thus, possibly support the display of more emotions. The blushing model can be used 
to simulate blanching, pallor and flushing of the face which are known to be associ-
ated with the occurrence of emotions [32]. The sweat model can be used to simulate 
perspiration in other regions from the body, aside from the forehead. In fact, emo-
tional sweating is believed to occur significantly in the palms of the hands, soles of 
the feet and axillae [11]. This might also explain why perspiration of the forehead 
only caused a medium effect on perception of fear in our study.  

Finally, the proposed model can be used to influence the perception of more emo-
tions. This work focuses on the display of surprise, sadness, anger, shame, pride and 
fear. These are emotions commonly associated with the phenomena being simulated 
[5, 8, 12, 14]. However, looking at the eliciting conditions suggested by Ortony, Clore 
and Collins’ emotion appraisal theory [33], it seems likely that resentment, reproach, 
disappointment, disgust and remorse can benefit from display of wrinkles, blushing 
and sweating. Furthermore, the display of autonomically mediated signals has also 
been argued to play a major role on the display of moral emotions such as reproach, 
anger, shame, remorse, admiration, gratitude and sympathy [34, 35, 36].  

Acknowledgments 

This work was sponsored by the U.S. Army Research, Development, and Engineering 
Command and the National Science Foundation under grant # HS-0713603. The con-
tent does not necessarily reflect the position or the policy of the Government, and no 
official endorsement should be inferred. 

References 

1. Smith, J.: The behavior of communicating: An ethnological approach. Harvard University 
Press, Cambridge (1977) 

2. Krebs, J., Dawkins, R.: Animal signals: Mind reading and manipulation. In: Krebs, J.R., 
Davies, N.B. (eds.) Behavioural ecology: An evolutionary approach, pp. 380–402. Sinauer 
Associates, Sunderland (1984) 



 Expression of Emotions Using Wrinkles, Blushing, Sweating and Tears 199 

3. Owings, D., Morton, E.: Animal vocal communication: A new approach. Cambridge  
University Press, Cambridge (1998) 

4. Darwin, C.: The expression of emotions in man and animals. John Murray, England (1872) 
5. Levenson, R.: Autonomic specificity and emotion. In: Davidson, R.J., Scherer, K.R., Gold-

smith, H.H. (eds.) Handbook of Affective Sciences, pp. 212–224. Oxford University Press, 
New York (2003) 

6. Gratch, J., Rickel, J., Andre, E., Badler, N., Cassell, J., Petajan, E.: Creating Interactive 
Virtual Humans: Some Assembly Required. IEEE Intelligent Systems 17(4), 54–63 (2002) 

7. De Graaff, K.: Human Anatomy, 6th edn. McGraw Hill, New York (2002) 
8. Leary, M., Britt, T., Cutlip, W., Templeton, J.: Social Blushing. Psychological Bulletin 

112(3), 446–460 (1992)  
9. Harris, P.: Shyness and embarrassment in psychological theory and ordinary language. In: 

Crozier, W.R. (ed.) Shyness and embarrassment: Perspectives from social psychology,  
pp. 59–86. Cambridge University Press, Cambridge (1990) 

10. Castelfranchi, C., Poggi, I.: Blushing as a discourse: Was Darwin wrong? In: Crozier, W.R. 
(ed.) Shyness and embarrassment: Perspectives from social psychology, pp. 230–254.  
Cambridge University Press, Cambridge (1990) 

11. Kuno, Y.: Human Perspiration. Charles C. Thomas, Springfield (1956) 
12. McGregor, I.: The sweating reactions of the forehead. Journal of Physiology 116, 26–34 

(1952) 
13. Scheneier, F., et al.: Social Phobia. In: DSM-IV Sourcebook, vol. 2, pp. 507–548. Ameri-

can Psychiatric Association (1996) 
14. Miceli, M., Castelfranchi, C.: Crying: Discussing its Basic Reasons and Uses. New Ideas 

in Psychology 21, 247–273 (2003) 
15. Efran, J., Spangler, T.: Why Grown-Ups Cry: A Two-Factor Theory and Evidence from 

the Miracle Worker. Motivation and Emotion 3(1), 63–72 (1979) 
16. Nelson, J.: The meaning of crying based on attachment theory. Clinical Social Work Jour-

nal 26(1), 9–22 (1998) 
17. Blinn, J.: Simulation of wrinkled surface. In: Proc. SIGGRAPH 1978, pp. 286–292. ACM 

Press, New York (1978) 
18. Terzopoulus, D., Waters, K.: Physically-based facial modeling, analysis and animation. 

Journal of Visualization and Computer Animation 1, 73–80 (1990) 
19. Boissieux, L., Kiss, G., Magnenat-Thalmann, N., Kalra, P.: Simulation of skin aging and 

wrinkles with cosmetics insight. In: Proceedings Eurographics Workshop on Computer 
Animation and Simulation 2000, pp. 15–27 (2000) 

20. Bando, Y., Kuratate, T., Nishita, T.: A simple method for modeling wrinkles on human 
skin. In: Pacific Graphics 2002 (2002) 

21. Larboulette, C., Cani, M.-P.: Real-Time Dynamic Wrinkles. In: Proceedings of Computer 
Graphics International (CGI 2004), vol. 6(16), pp. 522–525 (2004) 

22. Kalra, P., Magnenat-Thalmann, N.: Modeling of Vascular Expressions. In: Computer Ani-
mation 1994, pp. 50–58 (1994) 

23. Jung, Y., Knopfle, C.: Dynamic aspects of real-time face-rendering. In: Proceedings of the 
ACM symposium on Virtual reality software and technology, pp. 193–196 (2006) 

24. Wang, H., Mucha, P., Turk, G.: Water drops on surfaces. ACM Transactions on Graph-
ics 24(3), 921–929 (2005) 

25. Tong, R., Kaneda, K., Yamashita, H.: A volume-preserving approach for modeling and 
animating water flows generated by metaballs. The Visual Computer 18(8), 469–480 
(2002) 



200 C.M. de Melo and J. Gratch 

26. de Melo, C., Paiva, A.: Multimodal Expression in Virtual Humans. In: Proc. of the Com-
puter Animation and Social Agents 2006 (CASA 2006) Conference and Computer Anima-
tion and Virtual Worlds vol. 17(3-4), pp. 239–248 (2006) 

27. Bates, J.: The role of emotion in believable agents. Communications of the ACM 37(7), 
122–125 (1994) 

28. Akenine-Moller, T., Haines, E., Hoffman, N.: Real-Time Rendering, 3rd edn. A. K. Peters, 
Ltd., Natick (2008) 

29. Ekman, P.: Facial expressions. In: Dalgleish, T., Power, M. (eds.) Handbook of Cognition 
and Emotion. John Wiley & Sons, New York (2003) 

30. Rosenthal, R.: Meta-analytic procedures for social research (revised). Sage, Newbury Park 
(1991) 

31. Krumhuber, E., Manstead, A., Cosker, D., Marshall, D., Rosin, P., Kappas, A.: Facial Dy-
namics as Indicators of Trustworthiness and Cooperative Behavior. Emotion 7(4), 730–735 
(2007) 

32. Drummond, P.: Correlates of facial flushing and pallor in anger-provoking situations. Per-
sonality and Individual Differences 23(4), 575–582 (1998) 

33. Ortony, A., Clore, G., Collins, A.: The Cognitive Structure of Emotions. Cambridge Uni-
versity Press, Cambridge (1988) 

34. Haidt, J.: The Moral Emotions. In: Davidson, R.J., Scherer, K.R., Goldsmith, H.H. (eds.) 
Handbook of Affective Sciences, pp. 852–870. Oxford University Press, New York (2003) 

35. Morris, M., Keltner, D.: How Emotions Work: The Social Functions of Emotional Expres-
sion in Negotiations. Research in Organizational Behaviour 22, 1–50 (2000) 

36. Frank, R.: Introducing Moral Emotions into Models of Rational Choice. In: Manstead, 
A.S., Frijda, N., Fischer, A. (eds.) Feelings and Emotions: The Amsterdam Symposium, 
pp. 422–440. Cambridge University Press, New York (2004) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


