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COVER Thisspecial issue covers the subject of automated biometric systemsthat are used to verify individual identity using unique biometric mcasurements
of the human body, Our cover illustrates the concept of one of the growing number of applications of these systems.
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Speaker Recognition: A Tutorial
 

JOSEPH P. CAMPBELL, JR., SENIOR MEMBER,IEEE

Invited Paper

A tutorial on the design and development of automatic speaker-
recognition systems is presented. Automatic speaker recognition
is the use of a machine to recognize a person from a spoken
phrase. These systems can operate in two modes: to identify
a particular person or to verify a person’s claimed identity.
Speech processing and the basic components ofautomatic speaker-
recognition systems are shownand designtradeoffs are discussed.
Then, a new automatic speaker-recognition system is given. This
recognizer performs with 98.9% correct identification, Last, the
performances of various systems are conipared.

Keywords—Accesscontrol, authentication, biomedical measure-
ments, biomedical signal processing, biomedical transducers, bio-
metric, communication system security, computer network security,
computer security, corpus, data bases, identification of persons,
public safety, site security monitoring, speaker recognition, speech
processing, verification.

I. INTRODUCTION

In keeping with this special issue on biometrics, the focus
of this paper is on facilities and network access-control
applications of speaker recognition. Speech processing is a
diverse field with many applications. Fig. 1 shows a few of
these areas and how speaker recognition relates to the rest
ofthe field; this paper focuses on the three boxed areas.

Speaker recognition encompasses verification and iden-
tification. Automatic speaker verification (ASV)is the use
of a machine to verify a person’s claimed identity from
his voice. The literature abounds with different terms for

speaker verification, including voice verification, speaker
authentication, voice authentication, talker authentication,

and talker verification. In automatic speaker identification
(ASI), there is no a priori identity claim, and the system
decides who the person is, what group the person is a
member of, or (in the open-set case) that the person is
unknown. General overviews of speaker recognition have
been given in [2], [12], [17], [37], [51], [52], and [59].

Speakerverification is defined as deciding if a speakeris
whom he claims to be. This is different than the speaker

Manuscript received April 20, 1997; revised June 27, 1997.
The author is with the National Security Agency, R22, Ft. Meade,

MD 20755-6516 USA; and the Whiting School of Engineering,
The Johns Hopkins University, Baltimore, MD 21218 USA (e-mail:
j.campbell @ieee.org).

Publisher Item Identifier $ 0018-92 19(97)06947-8.
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Fig. 1. Speech processing. ™

identification problem, which is deciding if a speaker is a
specific person or is among a group of persons. In speaker
verification, a person makes an identity claim (e.g., by
entering an employee numberor presenting his smart card).
In text-dependent recognition, the phrase is known to the
system and can be fixed or prompted (visually or orally).
The claimant speaks the phrase into a microphone. This
signal is analyzed by a verification system that makes the
binary decision to accept or reject the user’s identity claim
or possibly to report insufficient confidence and request
additional input before making the decision.

A typical ASV setup is shown in Fig. 2. The claimant,
who has previously enrolled in the system, presents an
encrypted smart card containing his identification informa-
tion. He then attempts to be authenticated by speaking a
prompted phrase(s) into the microphone. There is generally
a tradeoff between accuracy andtest-session duration. In
addition to his voice, ambient room noise and delayed
versions of his voice enter the microphone via reflective
acoustic surfaces. Prior to a verification session, users must

enroll in the system (typically under supervised conditions).
During this enrollment, voice models are generated and
stored (possibly on a smart card) for use in later verification

U.S. Government work not protected by U.S. copyright.
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