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Abstract— The Android App we developed takes video frames 
of a human face from camera as input, and outputs a fusion 
image of extracted facial features and contours and a motion 
distribution map. The motion distribution map is generated 
based on MicroExpression hotmap with special color added. The 
brightness of the color is scaled by the magnitude of motion in 
each different area on the face. The client, an Android device, 
gets the initial location of eyes and mouth.  Covariance based 
image registration is used to generated motion distribution of 
facial features on the server side. The fusion image generated 
with the information is then sent back to the client for display. 
Users can learn from this fusion image about micro changes of 
face features and thus interpret the human emotion. Since more 
than key points of facial features are extracted, we expect full 
utilization of our data to give precise interpretation provided a 
robust scoring system of motions of different facial features and 
contours. 
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I.  INTRODUCTION  
Facial expression plays an important role in human 

communication and interaction.  Utilizing technology to detect 
hard-to-notice emotions smoothens the communication 
process by providing the user with the tiny changes of the 
other person’s emotion thus enabling the user to adjust the 
conversation topic to achieve the communication goal. 
Extracting and highlighting facial features can also potentially 
assist children with autism in studying facial expressions and 
emotions. 

In the EE368 project, we developed an Android App using 
DROID camera phones to detect simple but hard-to-notice 
facial expressions and make suggestions about potential 
emotional state. Along the way accomplishing our project, we 
finished the drawing orchestra project as described in the 
EE368 suggested project page to locate and mark essential 
features, such as inner-lip line and chin. In addition, we 
applied advanced computer vision scheme in OpenCV and 
Matlab algorithm to extract the changes and even micro 
changes of facial expressions and edges. We also made 
suggestions of emotions based on these changes, but due to 
lack of published data that maps facial expression changes and 

potential emotion and a robust facial expression scoring 
system, we could not test and evaluate our result. 

 In this report, the first section introduces the problem and 
the motivation for solving this problem. Background 
information is given in the second section. The “Procedure” 
section gives readers an overview of the whole procedure.  
The “Methodology” section explains the approaches in each 
step of the procedure, and the “Results” section presents the 
changes of each facial feature and edge detected and gives an 
analyzed result which is our recommendation of potential 
emotion. The “Discussion” section discusses the limitation of 
our project and further development possibilities; the last part 
concludes the project and summarizes the results. 

 

II. BACKGROUND 

A. Haar-like Features 
Haar-like features are digital image features used in object 

recognition. It considers adjacent rectangular regions at a 
specific location in a detection window. The pixel intensities in 
each region are summed; and differences between these sums 
are calculated. The subsections of an image are then 
categorized with these differences. In the project, we used haar-
like features in face detection and also face feature detection. 
Figure 1 shows an illustration of Haar features. 

 
Figure	  1.	  Kernels	  used	  in	  Viola-‐Jones	  detection	  and	  Haar	  Cascade	  

Classifier.	  



B. Viola-Jones Object Detector 
 Viola-Jones object detector is a training-based detector that 
uses a large number of Haar-like features for image subsection 
classification.  In the Viola-Jones object detector, the Haar-like 
features are organized as a classifier cascade. It is implemented 
in OpenCV for face detection. 

III. PROCEDURE 
The goal of the algorithm is to find changes of different 

facial expressions and edges and thus interpreting the hidden 
motion and making suggestions. The flow char of the detection 
and interpretation process used in the project is shown in 
Figure 2. 

 
Figure	  2.	  Algorithm	  flow	  chart.	  

We want to get frames from the camera on a cellphone, do 
initial calculations in the Android phone with OpenCV, 
compute changes in server, and send back the result to the cell 
phone. First, frames are obtained through the camera on the 
DROID phone. Then the cell phone tries to detect human face 
in the obtained frame. If a human face is present, the cell phone 
further localizes the facial features in the face. Once the initial 
calculation is done, the cell phone sends over the data to server 
through http. The server then implements localization 
correction through iterative updating and adjusting using 
adjacent frames in Matlab. Matlab further extracts facial 
expressions and edges by through Canny filter with ROI-based 
weight adjusting. Then micro-expression hotspots are extracted 
through covariance-based image registration. After all the 
computation, the server interprets a potential emotion and 
sends an image fusion of facial features, edges, and micro-
expression hotspot and the interpreted result back to the client, 
cellphone, for display and output. Figure 3 shows a snapshot of 
our app. 

 
Figure	  3.	  Snapshot	  of	  App.	  

IV. METHODOLOGY 

A. Face Detection 
After a video frame is obtained from camera on the DROID 

phone, Viola-Jones face detection algorithm with a trained 
Haar-like cascade classifier in OpenCV is used on the obtained 
frame for face detection. 

B. Facial Feature Localization 
If a face is successfully detected, Viola-Jones object 

detection with different template and Haar-like cascade 
classifiers are run on the face area to further detect facial 
features.  This detection method is also improved by limiting 
the detection region in the ROI of eyes and mouth based on the 
position and region of detected face. 

Output of this step consists of the center position, width, 
and height of different facial features. The regions of interest 
(ROI) for each facial feature can then be defined based on these 
position and size information. Eyes and mouth are detected in 
cell phone, as shown in Figure 4. These regions are also further 
corrected based on frame by frame detection results. 

 
Figure	  4.	  Successfully	  detected	  face,	  eyes,	  and	  mouth.	  



C. Send Image and Initial Localization to Server 
After the detection of faces and facial feature localization, 

the detected face image as well as the position and range of 
eyes and mouth will be sent to the Server as a file using HTTP 
protocol from android client.  

In order to process video but reduce the time of 
transmitting files to server, we combine all the frames of the 
video into a large picture and transmit this integrated picture 
to the server. 

 

D. Facial Expressions and Edges Extraction 
The server handles HTTP post by a PHP script. The 

received picture is saved along with a text file containing 
locations of regions of interest, e.g. mouth, nose and eyes. Then 
a matlab script is triggered to do rest part of image processing. 
The frames are retrieved from the combined file and processed 
one by one. 

The first phase of image processing is edges extraction. In 
order to make it more precise and avoid false positives as much 
as we can, we process the ROIs differently than other parts. We 
employ canny filter to extract edges and the key point for using 
canny filter is choosing a reasonable threshold. The naïve 
solution is to do a sweep on threshold for several different 
photos for each region and choose the threshold that works the 
best. However, this approach is not robust against environment. 

Our solution is to use a self-adjust threshold. One useful 
observation is that for a certain ROI, the ratio between the 
number of pixels on the edges and the number of pixels in the 
region should be roughly constant.  

 

 

 
Figure	  5.	  Facial	  feature	  extraction	  using	  corrected	  ROI-‐based	  

adaptively	  adjusted	  Canny	  filter.	  

Our algorithm is: 

1. For each ROI, so experiment and get the ideal ratio_ideal; 

2. For each image, apply canny filter and get the ratio_init; 

3. If ratio_old is too far from ratio_ideal, we set the new 
threshold_new to be ratio_init / ratio_ideal * threshold_init, 
and apply canny filter again with threshold_new. 

 

This trick would make the threshold self-adjusted. Then we 
merge the edges for all ROIs into the whole face. Figure 5 
shows a comparison of original image, feature extraction 
results from conventional method, and from our region-based 
self-adaptive threshold method. We can see that our region 
based self adaptive threshold gives better result for different 
lighting condition, different direction and different faces than 
the default canny filter. 

E. Micro-expression Hotspot Extraction 
In order to analyze the micro-expression, we extracted and 

quantify the motions on faces.  

Firstly, we register the frames using cross-variance based 
method. In addition, we use the detected face position and 
mouth position to correct the computed transition between 
frames if there are a lot of changes in image which fails the 
cross-variance method. 

Then, we quantify the motion between frames using the 
variance of intensity in each pixel across frames. To overcome 
the inaccuracy in registration, we use a nonlocal variance, 
which taking the minimization deviation of intensity in a 
vicinity of each pixel.  

The nonlocal variance can represent how much each pixel 
moves. We also further improve the quantification by filtering 
out the motion in face from other motions using weighting 
based on the localization of eyes/noise/mouth.  

We defined a MicroExpression hotspot/hotmap from the 
computed weighted nonlocal variance of image, which is a 
good representation of the MicroExpression related facial 
motions, as shown in Figure 6. 

	  Figure	  6.	  Efficient	  Micro	  expression	  detection	  using	  covariance	  based	  
registration	  and	  cross-‐frame	  variance	  based	  motion	  extraction.	  

	  



 

F. Send Image Fusion and Results to Cellphone 
After finishing the detection of face, eyes and mouth, the 

robust extraction of facial features and the quantification of 
facial motions, we fuse these multiple dimensions of 
information into one image for augmented reality 
visualization. 

The image is based on the original frame taken, and the 
extracted facial features are overlayed on it. The quantified 
MicroExpression Hotmap is visualized as colored shades. 

 
Figure	  7.	  Image	  Fusion	  for	  Augmented	  Reality	  and	  Expression	  

Decoding.	  

 
We planned to use the distribution of MicroExpression 

Hotmap as a new group of feature, in addition to the 
commonly used facial feature and keypoints localization for 
further detection classifier.  

V. RESULTS 
Figure 5 shows the proposed algorithm in the App can 

robustly detect faithful and meaningful facial features. And 
figure 6 clearly highlight all the motions on face with 
suppressing the motions out of face related to head movement.  

The client displays the image fusion created by Matlab and 
sent to it. As shown in Figure 7, the image on the right hand 
side will be displayed, where we can see the red shaded zone 
round mouth, and eyelids. We used different red scale to 
visualize the MicroExpression hotmap (the motion distribution 
on the face). User can learn from the image about the change 
scale of different facial features of a person.  

The image fusion shown can be used to clearly visualize 
both the images of face, the facial features and contours as 
well as how motion appears on the face. The augmented 
reality visualization can help experts to better interpret the 
facial features and make possible future work of quantifying 
and automatic decoding of human’s transient and intransient 
emotions. 

We also proposed to apply the dynamic distribution of the 
facial motion in addition to the localization of facial features 
and contours for transient and hidden expression detection. 
This provides a possible new group of information to decode 
emotional changes related to hard-to-notice facial dynamics. 
Currently, this smart-phone-aid interpretation part is still 
unfinished without a robust training of motion distribution and 
different emotions. Future work can be done in this part. 

VI. DISUCSSION 
Currently our server, a laptop, does most of the 

computation. With a phone with better computing capability, 
we can develop an independent app which implements real-
time visualization. 

The success of hidden emotion detection remains as an 
unsolved problem. In our project, we have only worked on 
gathering facial feature displacement data – motion 
distribution- and lacked instruction on how to assemble these 
data to provide a robust suggestion of potential emotion. 
Future work can be done in analyzing micro-expression 
hotspot by training facial feature and edge changes on 
candidate emotions to form a robust scoring system for hidden 
emotion detection, or mapping distribution curves to the 
motion distribution curve of different emotions. Only with a 
robust training of different facial expressions can we fully 
utilize all the changes we detected and make a satisfactory 
suggestion. In addition, if we could train a SVM with a huge 
database, we can also use that to label facial expressions. 

The program can also be extended to detect more facial 
features, edges, and even gestures to provide more data in 
evaluating potential emotions, and potentially used to measure 
stress level, pain level and detect lie. 

VII. CONCLUSION 
In our project, we have successfully detected facial 

features, including eyes, eyebrows, nose, and mouth. The 
program is also able to find motion distribution of different 
facial features, and sends back an image fusion with facial 
features shaded with colors, which represents motion 
magnitude. With a full motion distribution of different facial 
features, after training our data on different facial expressions, 
we can make suggestions on hidden emotions which the 
traditional key points method finds hard to detect.  
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