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INTRODUCTION
Problem Background

Speech driven facial animation is the process of using audio data to determine
and simulate the corresponding facial movements. The unique characteristics of
human speech can be processed and studied to determine, in general, the facial
position which correlates to a particular speech moment or pattern. One
requirement of this study is a system which can record both audio and facial
movement so that their relationship can be studied.

Needs Statement

Industry standard systems to accomplish this task currently run around $60,000,
such as the system from Vicon. This cost is prohibitive to university level
research, specifically as a pure data acquisition tool, and not the main focus of
the research. Currently the PRISM lab at Texas A&M University has a system
which accomplishes this task at a very basic level. It doesn’t allow for massive
data acquisition or head movement, both necessary for robust data, and
therefore thorough research.

Goal and objectives

The goal of this project is to develop an inexpensive, robust, real-time system to
track facial motion and process corresponding audio. The hardware for the
system must cost around $1000 and run on a standard personal computer. The
point tracking algorithm must be robust. To allow for long periods of data
acquisition the user must be able to move and rotate their head without greatly
compromising the tracking data. The real-time data acquisition and processing
must output only the necessary information so that the system doesn’t
accumulate large quantities of unnecessary data.

Literature and technical survey

This project is founded on two primary publications: Speech Driven Facial
Animation[1], and Abstract: Real-Time Audiovisual Speech Capture and Motion
Tracking for Speech-Driven Facial Animation[2]. The first publication defines the
scope for speech driven facial animation within the PRISM lab at Texas A&M
University. The current capture system is initially proposed within this
publication. The second publication describes the current system, both hardware
and software operation. These two publications create the framework for the
research we will be conducting. We have also researched different publications
on point tracking algorithms to determine if a better solution already exists.



Design Constraints and Feasibility

Due to the existing hardware (Winnov Videum 1000 Plus) specifications, our data
capture rates are fixed at 30 frames per second for video. The Audio capture
rates are variable between 8 and 48 kilohertz (kHz). These rates should satisfy
our design requirements.

The main concern for point initialization is how much time it takes to complete the
process. The overall system needs to be able to be used almost instantly on
start-up, with as little user configuration as possible. There is also the issue of
not losing points if the person moves while the initialization process is still
occurring. Both of these issues mandate that whatever algorithm being used be
highly optimized. The selected design algorithm should be faster than the
algorithm currently being used between each frame to track the points.

One of the objectives is a robust tracking algorithm, specifically allowing for head
movement and rotation. Rotation must be within predefined limits, within 30
degrees. Any more rotation will introduce uncertainty into the transform, and
therefore compromise the movement data. Another constraint is that no point
can move over half the way toward another points’ location in one frame,
otherwise point identification would be impossible.

Evaluation of alternative solutions

The current system capture video and audio data in separate streams of red
green blue (RGB) frames and wav file formats respectively. Another option is to
utilize Apple’s QuickTime format during the capture process. In doing so, the
audio and video data would be converted into a QuickTime (MPEG-4) movie
stream containing both the audio and video data. The stream would then be
parsed to extract the needed audio and video data.

This approach is appealing because of the robustness of the built-in timing
synchronization of the audio and video data. Also, using the QuickTime format
will allow the development of a debug application in which a test video is used to
simulate camera and microphone operation. This is desirable because
debugging and test can be achieved without access to the hardware. Also, this
method will make our application more portable due to the use of a standardized
format.

After research, QuickTime proved to be too complex for our needs. The
hardware allows for standard Windows Video API calls. This allows us to embed
the debug functionality within the application, apply a layer of abstraction, and
therefore only build one system to run off both the hardware and a video file.
While QuickTime could have accomplished this it would have been much more



involved, and also included more data conversion. The standard API offered all
the functionality we needed while keeping it simple.

The current point tracking algorithm doesn’t allow for head movement and
rotation. We researched several algorithms to replace the current one and fulfill
our requirements for a more robust algorithm. One of the initial algorithms was a
heuristic solution using a Z point coming out of the head. This solution wasn’t
expandable and wasn’t stable enough. We decided on a transform, deciding
between Affine and Perspective transforms. We decided on Perspective, but the
alternative would have been Affine. This solution was discarded for two reasons.
First, Affine transforms are very difficult without a third dimension, which is all a
single camera provides. Second, our system, using a pinhole camera, is already
a real world set-up for abstract perspective transform scenarios, therefore there
are many publications to support our work.

PROPOSED DESIGN

SYSTEM DESIGN — TOP LEVEL
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Figure 1: System Design - Top Level

Top Level System Design

The system is divided into five subsystems: Data Acquisition, Point Initialization,
Point Tracking, Audio Processing, and FAP Generation. These are logical
functionality divisions which allow for a divide-and-conquer development
approach. Data Acquisition is the hardware-software interface which captures
the video and audio events, organizes the data, and sends it to the subsystem
responsible for processing the data. Point Initialization receives the initial frame
from Data Acquisition, finds and identifies the points, and sends that information
to Point Tracking. It also notifies Data Acquisition when the initialization process
has completed so that frame capture can resume. Point Tracking is responsible
for actually processing the individual video frames. This involves determining the



current absolute location of the points, transforming them to represent their
relative location, and outputting that location to the FAP Generation subsystem.
The FAP Generation receives the point locations, calculates their displacements,
and generates a file which an FAE system can use to animate a face.
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Figure 2: Data Acquisition System Design

The Data Acquisition system will handle the capturing, organizing and delivering
of audio visual data to the processing systems. The Data Acquisition system will
utilize Winnov hardware events and buffers to facilitate data capture.

The system will comprise of two event handlers, one for audio and one for video.
When triggered the event handlers will copy the corresponding capture card
buffer to the event handler’s buffers. The event handler will parse the information
needed for the processing functions and organize the data to pass to the other
systems.

Prior to passing the information the Data Acquisition system will organize the
data in logical blocks of appropriate size and information. The block size will be
uniform and cohesive to aid in the synchronization of Audio/Video streams.
Included in the blocks will be time stamp information that will aid in the backend
synchronization and error checking.

The video frame data will be delivered at the same rate in which it is captured, on
a 33 millisecond period. This rate is vital for system stability. Any deviation from
this period will cause time shifting and thus loss of video data and system
performance. There will need to be a minimal delay from capture to delivery.
This will be constrained to a value greater than worst-case computation time of
the data organization.



Since video data acquisition and processing will the most taxing on the system,
its events and operations will be the highest priority. The audio capture and
delivery will be performed in a means that is accommodating to the video data’s
needs. The audio data organization and delivery will be scheduled in-between
video capture and delivery events, and can be preempted by a video event.

Since the audio events are not strictly periodic, the system is designed to have a
time window in each frame in which the audio event can be executed. Despite
being a lower priority to the video, the audio data will have to conform to a real-
time delivery dead-line to prevent data loss and timing drift.

In our proposal we determined that the ability to test our system without the use
of the camera and capture card was imperative to our timely completion of the
project. Our original plan was to build a Debug application that was able to run in
a stand-alone fashion that emulated the camera and capture card. We were
going to implement this using the QuickTime libraries for system portability.

Through research we discovered that QuickTime though a very powerful tool was
overkill for our design needs. We also determined that since we are building a
Windows Visual C++ application to be run on a specific machine, portability is the
least of our issues.

We are implementing the Debug (Camera Emulation) functionality as a part of
our overall system application. We are embedding the Camera Emulation
system in parallel with the capture card event handlers. A layer of abstraction is
added in between the event handlers and the data processing elements so that
the data source can be selected (emulation or hardware). The Debug
functionality will be implemented using existing Windows API calls.

We have decided that the Debug functionality will only emulate the video data
acquisition. This is because the cost of implementing the audio is extremely high
for the minimal amount of processing being performed on it. The Debug
functionality’s main function is to aid in point-tracking and initialization algorithm
testing.

The Debug functionality will be developed as a framework for the Data
Acquisition system. In doing this the debug functionality will be developed before
the hardware data acquisition system. This yields to more efficient co-
development of the system. The data processing system can be developed
simultaneously with the data acquisition system.

The Data Acquisition system will be developed in multiple phases. Starting with
the initial debug application, we will progressively add functionality to facility the
progress of the system. There will be incremental testing at each phase of the
Data Acquisition System.
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Figure 3: Point Initialization System Design

Point initialization is the first software system step in the point tracking process.
The user, having placed the initial points on his/her face will load the software
application. They will position their face in front of the camera and push the
Begin button. This button starts the Data Acquisition system, which grabs the
first frame and starts the initialization process, which has several steps. First the
still image is captured. A threshold is then applied to make it a black and white
image. The software analyzes the image to find all possible points, and then
identifies them based on their location. The points, their location and
identification, are then passed back to the tracking algorithm and the user is
notified that tracking is beginning. The Data Acquisition system is also notified of
completion so that it can resume frame capture.

The still image to be processed is sent from the Data Acquisition system to the
Point Initialization system. The image is a 640X480 standard bitmap in
grayscale. Because itis in grayscale, for any given point the RGB values are all
the same. So to threshold it to black and white a single number is picked above
which the pixel is white, and below which the pixel is black. The current
threshold is 125.

The point discovery algorithm defines a point by two characteristics: minimum
density and size, which are defined by the expressions MIN_NEW_DENSITY
and MIN_SIZE. The entire image is scrolled bit by bit, and when a 1(by
threshold) is found it begins the point discovery process. This process has two
major parts: determining if the current point is the center of a region that meets
the minimum point requirements, and is therefore a point, and, if it is a point,
finding the center of the point. Determining if it is a point is simple. Merely take
the square centered around the current point with sides MIN_SIZE and take the
density of this area. If its density is greater-than-or-equal-to
MIN_NEW_DENSITY then it is a point. Having found the point the center must
be discovered. This process is a little more involved. A new density is used,



MIN_DENSITY, which is less restrictive then MIN_NEW_DENSITY, to allow the
point to grow larger, and therefore ensure that the entire point is encompassed in
the bounds. The process is this: given a point, expand the square around it until
the square no longer defines a point. Then find the center of mass of the current,
large square and move the square so that the new point is its center. Repeat this
process, meaning enlarge the square until it doesn’t define a point and re-center
at its center of mass. Repeat the entire process until the center of mass is the
center of the square. Every point that is found is put into a class, FPoint, which
defines all of its parameters. This class has an important function, InPoint(),
which takes in an x,y point and returns true if the x,y values conflict with the point
it defines, and false otherwise. By conflict it is meant that the new point isn’t
inside the boundaries of a square which is centered around the FPoint and
whose size is FPoint.size + 2*MIN_SIZE. The square is larger because the new
point has to define the center of a point, and therefore can’t be within a
MIN_SIZE distance of the boundary of the FPoint.

Once the points have been found they must be identified, so that they can later
be passed to the animation generation engine. The points are divided into
sections: reference points, eyebrow points, cheek and nose points, mouth points,
and chin points. The definition of these sections is such that they can be divided
by horizontal lines. This means that no eyebrow point is lower on the screen
initially then any cheek point, no cheek point lower than any mouth point, no
mouth than any chin, and no reference than any eyebrow. With these rules in
place identifying the points is simple. The list of points is sorted by it's y values.
The first four are then reference points, the next six eyebrow points, the next
three cheek and nose points, the next eight mouth points, and the last two are
chin points. Once divided into sections the individual lists are sorted by their x
values, or left to right, and their individual identification is then assigned.

This information is then passed to Point Tracking and Data Acquisition is notified
of the completion.

Point Tracking

Initial Point
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Figure 4: Point Tracking System Design



Point Tracking handles the frame to frame tracking of the points. It ensures all
the points are still available, transforms them based on head translation and
rotation, and outputs their relative values to FAP GENERATION.

When the application starts up and is directed to begin tracking the POINT
INITIALIZATION finds and identifies the points and sends that information to
POINT TRACKING. When it does this it also sends a signal to DATA
ACQUISITION to begin pumping data to POINT TRACKING. At this point POINT
TRACKING begins its frame by frame operations.

The first part of POINT TRACKING is Point Discovery. This entails finding the
current absolute location of every point. If a point has disappeared then it
doesn't track it for that frame. Every frame the minimum distance between the
closest points is tabulated, and that is the search area for all the points. This is
because one of the design constraints is that a point can’t move more than half
the way to another in one frame, so this square will always include at least a part
of any point that hasn’t disappeared. The center of the point in the square is then
found. This information is passed to the Point Transform section.

After the point identification algorithm has discovered the current set of points
and identified as many points as possible, it will pass the points on as three-
dimensional vectors, each vector containing the expected x and y coordinates of
the data point as well as the index of the facial animation parameter we expect
the point to represent. The recipient of the vectors is the next step facial
tracking, in which the data points are corrected to account for the orientation of
the face.

The approach we have decided to pursue in order to determine facial orientation
is based on work by Criminisi et al. [CITE] They have developed a system of
mapping any arbitrary quadrilateral plane onto any other, effectively correcting
changes in all six degrees of freedom as well as accounting for perspective
distortion. The operation of this algorithm is reasonably straightforward: we use
the Criminisi algorithm to map the received data points representing the
orientation square to their default positions (i.e. where they would be assuming
the view was head-on). Using this transformation, the rest of the data points are
mapped back to the default view as well. The newly rectified data point set can
then be used to determine facial parameter displacement for known sets, or
reassign data points to their correct facial parameters should the point be lost or
in conflict with other points. Once the points have been identified and tracked,
their displacements can be sent to the final phase of video processing, the Facial
Animation Parameter processing stage.

Here are some examples of perspective transforms. In the following images the
red dots are what the camera sees, the black dots are the actual points and the
blue circles represent how accurate the transform was. The first image uses a



reference square of 2X2”, and the second two use a 5X5” square. It is plain to
see that the larger the reference square the more accurate the transform.
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Figureb5: 2" Reference Square



Figure 6: 5" Reference Square#1



Figure7: 5" Square#2

The primary source of inaccuracies in the facial tracing module stem from
inaccuracies in identifying points. If the points representing the orientation
square have significant error, the resulting matrix can transmit the error to the
rest of the data. As described in the Criminiski paper, errors are greatest when
finding estimates of points far from the computation points, but can be greatly
reduced by expanding the size of the computation point area. In terms of our
system, this means expanding our orientation square, possibly into an orientation
frame encompassing the entire face. Additionally, we are investigating using
multiple orientation squares and least squares approximations to improve the
obtainable accuracy without increasing the size of the orientation square.
Depictions of these solutions can be seen in figure below.



Figure 8: Reference Square Options

FAP Generation

FAP GENERATION is given the camera coordinate values for all the points in a
given frame. It then generates the displacement from the initial frame.
Calculating the FAPUs will consist of two multiplies, an addition and division for
each of the 19 feature points. Then the numbers will be normalized by dividing
by the respective conversion constant. This number is calculated from the
MPEG-4 standard facial measurements, and each person’s will be different.
After the 19 points are normalized, they can be appended to the end of the FAP
file. This file is written to disk periodically.

Audio Processing

The AUDIO PROCESSING is outside the scope of this project, except that it
creates additional real-time computation that must be done.

Bill of Materials

Bill Of Materials Unit | Quantity | Price
B&L Engineering Facial Markers 10
pack $30 3| $90

Figure9: Bill of Materials



Figure 10: Reflective Markers

VALIDATION TEST PROCEDURES

Data Acquisition
Phase 1: Frame Grabber/AVI Interface:
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Figure 11: Data Acquisition Phase 1

VALIDATION/TESTING
SW TIMER:
o Verify periodicity of Timer via calls to high performance clock
Test at 1000 ms
Test at 500 ms
Test at 100 ms
Test at 50 ms
Test at 33 ms
Test at 25 ms
o System Validated with accuracy within 15% at 33ms
FRAME GRABBER



o0 PARSE Frames from existing AVI Movie File and Save each frame
as a BMP file
Verify the number of frames corresponds to the length in the
AVI Header
Determine that the Frames are the correct size
Repeat on multiple file formats to insure robustness
PHASE 1 SYSTEM TEST
o Display data passed to VIDEO PROCCESING as an on screen
bitmap at the rates listed above for the SW TIMER Testing.
Perform similar timing testing that was performed for the SW
TIMER

PHASE 2: LIVE VIDEO CAPTURE to FILE

CAMERA

—»{ VIDEO PROCESSING

|ONJ>OIT1;UC—|'U)>O

AVI MOVIE FILE FRAMEGRABBER
A

SW
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Figure 12: Data Acquisition Phase 2

VALIDATION/TESTING
Record Test Video’s of Multiple Lengths
o 3seconds
o 30 seconds
0 3 minutes
Play Test Video in Windows Media Player
o Determine if coloring/ video appears correct
Parse Header Information to insure proper Values
o Compression = Bl_RGB
0 SIZE =320x240
o Rate =30 fps
Perform FRAMEGRABBER testing with the Test AVI files.

Point Initialization
There are current issues with the testing of the point initialization process. The

process has been validated under certain conditions, namely at certain offset
angles between the camera the plane of the points. Testing under all conditions



has proven to be more difficult. There is a current issue with the image and
video being input into the system by the camera. The reflective markers are
being mapped twice onto the incoming image. Once is the main reflection, and
then right below it a slightly more dim reflection. This may be caused by a bend
in one of the filters, and will be investigated in the coming weeks. The problem
this creates is that, due to the inconsistent size of the markers, it is possible that
a reflection of a bigger marker is the same size as the primary mapping of a
smaller marker, making it impossible to automatically distinguish between the
two, and therefore correctly identify the points. Another item which will improve
this issue is uniform, hemispherical markers, which should limit the glare of the
reflection, and limit any size discrepancies.

Once these issues have been worked out testing will just be a matter of ensuring
the points can be initialized correctly for many different faces. The other thing
which will be tested will be the integration between the point initialization
algorithm and the point tracking algorithm. The primary issue here would be if,
while the points are being initialized, the user moved a considerable amount so
that the points where no longer near the same place. The tracking algorithm will
already have within it the ability to find the points if they’ve only moved slightly.

Point Tracking

Point Tracking Validation and Testing will be divided into two sections: finding the
points and transforming the points. To validate finding points, several frames of
bitmap data will be loaded into memory and a subroutine will be executed to find
the center coordinates of the feature point in each frame. The frames will consist
of a single integer array each. The only valid contents of the array, however, will
be ones or zeros making it an array filled with binary information.

The array will contain enough space to describe thirty two pixels by thirty two
pixels --- i.e. it will be able to hold 1024 integers. To save space, a character
array may be used instead but this is not a necessary requirement for validation.

Inside the frame, a point will be described by a block of contiguous ones. These
will be contiguous when the array is viewed as 32 lines with 32 values in each
line. In order to fully test the point tracking algorithm, another block of ones will
be placed inside the frame. If the algorithm is functioning correctly it will not
report the coordinates of the extra point. Also to fully test the algorithm, random
noise(ones) will be scattered throughout the frame. These frames will eventually
come from an AVI file captured with the camera, but are currently being created
as text files and read into the validation software manually.

The validation procedures that are planned for an accurate test of the point
transform module concentrate on determining accuracy when presented with real
data. A variety of testers with different facial sizes and shapes will be used to
provide input data in the following manner:



Begin by looking directly at the camera

Tilt the head up to 45 degrees clockwise, then counterclockwise

Turn the head up to 45 degrees to the left, then the right

Nod the head up to 45 degrees up, then down

Do any combination of the above simultaneously

Continue changing configurations while distorting the face in as many
positions as possible

If, during all of these tests, the system returns a correct listing of facial animation
parameters and the degree to which they are displaced, then the point tracking
module can said to have passed its validation procedure.

FAP Generation

Validating the FAPU calculations consists of testing the parameters inside of a
Facial Animation Engine. The FAE(Facial Animation Engine) will take as an
input the FAP file generated using the FAPU algorithm. The facial expressions
viewed in the FAE will have to exactly match the expressions generated by the
user for the algorithm to be valid.

In order to fully test the FAPU conversion process, we will generate an FAP file in
which the user only moves certain points. For the first two tests, the user will
only move one eyebrow at a time for each test. For test three, the user will move
the lips. The chin will be moved for test four. If in each of these tests, the FAE
generates a like image to what the user actually did then the FAPU algorithm is
working correctly.

DIVISION OF LABOR

Data Acquisition — Todd Belote

Point Initialization — David Brown

Point Tracking — Brad Busse with Bryan Harris
FAP Generation — Bryan Harris

ECONOMIC ANALYSIS

Were our system to become a widely used standard the costs would probably
remain the same because the market is fairly narrow, and the hardware fairly
unique so it is unlikely that any economies of scale would come into play. The
primary unit of hardware, the IBM PupilCAM is hard to locate, so sustainability is
an issue, though it is likely that another camera could perform similar tasks with
limited design re-configuration. Due to the aforementioned PupilCAM issues
tolerance is a hard thing to determine.



SOCIETAL, SAFETY, AND ENVIRONMENTAL ANALYSIS

When completed, this project will be used primarily as a research tool, to better
understand the relationship between speech and facial movements. The only
chance of the system being of any danger to humans is from exposure to infrared
rays or hazards posed by coming into contact with the reflective material used to
mark data points. Since neither of these circumstances are particularly
threatening, we can say with confidence that the system is quite safe.

As the system is constructed from off-the-shelf components that require no
polluting or hazardous materials, their manufacture or use is expected to have
very little impact on the environment. If anything, in fact, any popular uses of the
system are more likely to decrease the amount of pollution entering the
environment. For example, one of the potential uses for this system would be to
aid videoconferencing by decreasing the amount of bandwidth required to hold a
constant video conversation. If more videoconferencing takes place, more
people will stay home instead of driving to work, and fewer pollutants are
introduced into the environment by automobiles.

The most noticeable impact of the successful creation of this system will be an
increase in the availability of low-cost options in audiovisual data recording. This
has a number of potential applications, from low bandwidth phone support for the
deaf [2] to cheap motion capturing alternatives when compared to the current
expensive companies in the field today. In all of these projected uses, the net
result is an increase in the opportunities for communication and creativity in
society, an effect which virtually always comes to be regarded as a good thing.
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