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Abstract

This document presents our image-based real-time f;tce tracking system. Tcacking a human lace

in real rime has applicatioris in such diverse field’s as Human-C¢~mputer Interaction (HCI) and

psychology research, areas which require non-intrusive tracking (such as image-based tech-

niques), to allow natural behavior of the subject. Our ,.~.ystem uses multi-resolution template matct>

ing technique,,; to track features in the irnage sequence and uses multiple template sets to handle

head rotation. We address several speed and reliabili~y issues ir, cluding mt!lti-resolution imagc

creation processes and their ei(l:Ects both on the speed and on the reliability of tracking; template-

matching simil~arity measures and their effects on tracking; multiple templa~ e approaches and their

impact on reliability; and ~nemory organization of tt~e digitizer and its impact on the speed o~i"

image data access. Vve then show that applying these techniques in the Real-time Image-based

Face Tracker yields real-time or near real-time tracking speed. Finally, we present several possi-

ble extensions to this work.

Disc:laimer: Any ()pinions, finding, conclusions., or recommendations expressed in this publica-

tion are those ol: the author and do not necessarily rcflect the views of the National Science

dation.
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1.0 Introduction

1.1 iReal-time Image-based Face Tracking

We have developed the Real-time Image--based Face Tracker (RIFT) which is capable of real ~imc

performance using only modecate computing resources. RIFT addresses tw’o problems m face

tracking: obtaining real-time speed and handling head rotation. The system achieves rea~ time

speed by using techniques of data reduction, template matching, and prediction. ~12) handle: differ-

ent poses, the system incorporates multiple views of lhe face.

As shown in Figure 1, RIFT captures an image t~sing standard hardware (a camera and a digi-

tizer), spatially filters the image, searches the image 10r impommt features, and then locates ~he

face, and its components. Figure 2 shows the results of tracking a subject’s eyes and mouth

through an image sequence with RIFT. In each image of the sequence, the estimated locations am

drawn using cross-hairs to indicate location. The din-tensions of the cross-Lairs is proportional to

the size of the feature being tracked. RIFT can also be incorporated into la~:ger systems thai

require face location as input. For these applications, RIFT exports feature locations or image

regions surrounding the facial components to t~e mare system.

The: remainder of this section gives motivation liar and applications of real-time face tracking.

Section 2.0 discusses challenges in face tracking,, including effects of object speed and tom.[ion.

Section 3.0 presents the design, implementation, and performance of a basic face tracking system.

Section 4.0 covers the techniques used to obtain real-time tracking, including issues of image

transfer and search strategies. Section 5.0 discusses the techniques used[ to improve the lracker’s

reliability, frown incorporalion of multiple poses io handle rotation, to better prediction of lieature

iocation. Finally, Section 6.0 gives some closing remarks and directions fc~r future research.
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FIGURE 1. Overview of RIFT system
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FIGURE 2. The results of appl,.¢ing the RIFT syste~n to an image sequence.
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1.2 Motivation

This research into real time face tracking makes two, imp,:Irtan~ contributions to compute~ vi~ior~

First, it provides, insights into tracking Izroblems by .::examining the implementations of thcoretica~

concepts Io solve a specific tracking prcblem Second, i~ provides a tool to track regions ~17 the

t~ce in real time, assisting research into multi-modal Human-Computer Interfaces ~ HCI). Poten-

tial applications within HCI come in a wide wtricty ~f forms, f~-om direct user interaction ~.via

direction of g:tze or lip reading) to processes erahed,:~{ed in larger systems and relatively tram;par

ent to the user (such as a system that maintains a stereo ~iew fl~m~ a computer monitor lk)r a use~

moving around’~. Section t.3 describes several of these applications and e~plains their respective

needs for real tirade face tr~cking.

1.3 Potential Applications

1.3.1 Computing Direction of Gaze

The first area, currently being investigated here at CMU, i.,; the development of an cye gazc t~-ack

ing system ~r cursor posilioning on a computer ~creen -- that b~, mapping direction ol gaze

point on a computer screen. This tracker is passive, ~eaning that lhe system only receives

marion as opposed to active systems, which transmit a signal m~:~d look for echoes retlected from

o~}ects in trite environment Using machine learning ~:echmques. the curren~ system learns the

gaze-to-point mapping. Once trained, it processes apl~roximately 12 images per second while hay

ing a position~ll accuracy comparable to ~he besl pass.ire gaze-t~acking systems available

[8]. Unlike most of the other passive trackers, tktough, this gaze tracker allows free head move-.

ment, incorporating a simple eye tracker to loca~e the eye and then perforn:ing the gaze-~o--p~int

mapping. While generally well-behaved, the cur:~cnt t~:acker occasionally lo~es track of an eye and

criss-crosses ~he }eli and right eyes. A system lha~ tracks both the head and eyes could red~.uze

eliminate these tracking enors, which should improv,,:: the gaze-~racker’s performance..



1.3.2 Reading Liips

A second area of ongoing research is; in ~ip reaCing. Mar~y current speech ~ecognition systems pc~

tbr:m wel~ on clean speech si~,nals btlt perR~rm poorly on noisy signals. Tt:,is "noise" ~an

I?om a w~rie~y ,~’ sources, including po¢3r recording ,::quipment, background sounds, and multiple

speakers .... t~rying to recognize one persian’s speech when seveial people a~Te talkin~,

called the cock~z~il et~{bct. Early work shows that rec~)gnition eraor rates improve by incorporating

images of the speaker’s mouth into a traditional speech recognilion system [1]. A ~Te~iable 1acc and

mouth tracker could provide the tracking necessary ~:c>r such a "~ipreading" system.

1.3.3 Maintaining Stereo View of Autostere~,scopie (3-D) Displays

Autostereosc:opic displays produce stereoscopic { 3-D) images uz~ing hmd~,are within lhc ~lisplay

itself, unlike ~r~ost slereoscopic displays, which require special viewing gla~sses for .3-[) percep-

tion. Many armor,stereoscopic displays, however, produce stereo perception only for ,t small rz~nge

of viewing angles. Moving out of the proper range, tl~c viewer bosses 3-D perception or sec:~, ~

severely distorted 3-D image. To overcome this weal,mess.., some of these displays cau ad.i~..tst the

nominal ~iewing angle lo maintain 3--D perception eYen as the ,~iewer moves around.. The.~e dis-

plays base viewing angle adjustments ort the viewer’s eye, positi~ms, which could be provioed by ix

face and eye t~acker.

1.3.4 Automating Facial Aclion Analysis

Facial action am~iysis., important in psychologic,tl rc~.earch, use.~; a coding system to describe

facial deformations, such as "eye brow lowered" <i~r "lips puckered" [31. Psychology researchers

use l:l~ae coding system to describe a subject’s behavior and then interprel the resulting cod~:

sequences in rctmion Io the stimulus. Currently !~uch coding is performed manually and it

tedious, imprecise, and time-consuming -- a one-qrfinute segmenl of video can take up lo

~o code. An au~o~:qated coder could use a real time face tracker t~> locate key facial leaiures~ align--

rag other stibs?stcnls thai would perform the actaal at~lalysis.


