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Abstract

This document presents our image-based real-time fice tracking system. Tracking a human face
in real time has applicatiors in such diverse ficlds as Human-Computer 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 system uses multi-resolution template match-
ing techniques to track features in the image sequence and uses multiple template sets to handle
head rotation. We address several speed and reliability issues including multi-resolution image
creation processes and the:r effects both on the speed and on the reliability of tracking; template-
matching similarity measures and their effects on tracking; multiple template approaches and their
impact on reliabslity; and memory organization of the digitizer and its impact on the speed of
image data access. We 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.

Disclaimer: Any opmions, finding, conclusions, or recommendations expressed 1n this publica-
tion are those of the author and do not necessarily reflect the views of the National Science Foun-

dation.
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1.0 Introduction

1.1 Real-time Image-based Face Tracking

We have developed the Real-time Image-based Face Tracker (RIFT) which is capable of real time
performance using only moderate computing resources. RIFT addresses two problems in face
tracking: obtaining real-time speed and handling head rotation. The system achieves real time
speed by using techniques of data reduction, teraplate matching, and prediction. To handle differ-

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

As shown in Figure 1, RIFT captures an image using standard hardware (a camera and a digi-
tizer), spatially filters the image, searches the image for important features. and then locates the
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 are
drawn using cross-hairs to indicate location. The dimensions of the cross-hairs is proportional to
the size of the feature being tracked. RIFT can also be incorporated into larger systems that
require face location as input. For these applications, RIFT exports feature locations or image

regions surrounding the facial components to the main system.

The remainder of this section gives motivation for and applications of real-time face tracking.
Section 2.0 discusses challenges in face tracking, including effects of object speed and rotation.
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 scarch strategies. Section 5.0 discusses the techniques used to improve the tracker’s
reliability, from incorporation of multiple poses to handle rotation, to better prediction of feature

location. Finally, Section 6.0 gives some closing remarks and directions for future research.

1.0 Introduction May 6, 1993 }



FIGURE 1. Overview of RIFT system {“"—"—‘*
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FIGURE 2. The results of applying the RIFT systein to an image sequence.
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1.2 Motivation

This research into real time face tracking makes two important contributions to computer vision.
First, it provides insights into tracking problems by ¢xamining the implementations of theoretical
concepts to solve a specific tracking preblem. Second, it provides a tool to track regions of the
face in real time, assisting research into multi-modal Human-Computer Interfaces (HCI). Poten-
tial applications within HCI come in a wide varicty of forms, from direct user interaction (via
direction of gaze or lip reading) to processes erbedded in larger systems and relatively transpar-
ent to the user (such as a system that maintains a stereo view from a computer monitor for a user
moving around). Section 1.3 describes several of these applications and explains their respective

needs for real tirne face tracking.

1.3 Potential Applications

1.3.1 Computing Direction of Gaze

The first area, currently being investigated here at CMU, is the development of an eye gaze track-
ing system for cursor positioning on a computer screen -- that is, mapping direction of gaze 10 a
point on a computer screen. This tracker is passive, meaning that the system only receives infor-
mation as opposed to active systems, which transmit a signal and look for echoes reflected from
objects in the environment. Using machine learning techniques. the current system learns the
gaze-to-point mapping. Once trained, it processes approximately 12 images per second while hav-
ing a positional accuracy comparable to the best passive gaze-tracking systems available today
[8]. Unlike most of the other passive trackers, though, this gaze tracker allows free head move-
ment, incorporating a simple eye tracker to locate the eye and then performing the gaze-to-point
mapping. While generally well-behaved, the current tracker occasionally loses track of an eye and

criss-crosses the ieft and right eyes. A system thar tracks both the head and eyes could reduce or

eliminate these tracking errors, which should improve the gaze-tracker’s performance.

o
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