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Abstract: |dentity assertion, role gathering, multilevel access control, assurance, and auditing are
provided by the Biometric Open Protocol Standard (BOPS). An implementation of the BOPS Il
spec is described, which includes both the software running on the client device as well as the
server. Pluggable components are allowed to replace existing components’ functionality, accepting
integration into current operating environments in a short period of time. A“point-and-cut” mechanism
to add the appropriate security to both development and production systems is offered through the
BOPS implementation functionality. Homomorphic encryption and a tremendous simplification of
the API are also described.

Keywords: admin console, application, BOPS admin, BOPS cluster, BOPS IDS, BOPS server,
client device IDS, IDS cluster, IEEE 2410™, Jena Rules, liveness, original site admin, site admin,
trusted adjudicated data, user, user device
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use,
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute) develops its standards through a consensus
development process, approved by the American National Standards Institute (“ANSI”), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards
are documents developed through scientific, academic, and industry-based technical working groups.
Volunteers in IEEE working groups are not necessarily members of the Institute and participate without
compensation from IEEE. While IEEE administers the process and establishes rules to promote fairness in the
consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of any of
the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security, environmental,
health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments received
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE should be considered the approved
IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and Standards
Coordinating Committees are not able to provide an instant response to comments or questions except in
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions
of any individual standard for educational classroom use can also be obtained through the Copyright Clearance
Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. A current IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore at http://iecexplore.icee.org/ or
contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://
standards.icee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.
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Introduction

| This introduction is not part of IEEE Std 2410™-2019, IEEE Standard for Biometric Open Protocol.

Homomorphic encryption, the inclusion of identification and authentication, and a greatly simplified
Application Programming Interface (API) distinguish the architecture design of IEEE Std 2410™-2019 from
its predecessor IEEE Std 2410™-2017. The reinforced architecture of the Biometric Open Protocol Standard
(BOPS) is well suited for implementation into enterprise systems for secure authentication via biometric
modalities.

The biometric enrollment information, that is, representation of a fingerprint, voice, and/or facial features,
is represented by Euclidean Measurable Feature Vectors. These feature vectors are one-way encrypted and
provide privacy and simplicity. No longer does the specification bother with key management or decryption,
and the result is a complete solution fully based on three API endpoints. Privacy is ensured by never processing,
handling, or receiving the biometric in plain text. Homomorphic encryption allows all processing in the
encrypted space. The solution is a simple, biometric agnostic solution.

With the increasing need to secure user access to their footprints of personally identifiable information (PII)
in the Internet (financial and health records) and enterprise assets, the BOPS server is designed to control
communication with its clients via a two-way SSL/TLS homomorphic interface.
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Figure 1—BOPS authentication cycle

Before users are granted access via the BOPS platform, they shall authenticate their identity with an enterprise
system that controls access to the resources and assets. If authentication is successful, the user is authorized
to access the resource or asset (i.e., they are “granted access”). Otherwise, they are denied access. Identity is
often established at some prior phase via registration of a username that identifies the user with an account in
the system.

Biometrics have along-held hope of replacing passwords by establishing non-repudiable identity and providing
authentication with convenience. Biometrics include a wide range of information taken from a person, for
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example, fingerprints, face, voice, and iris pattern; and his/her behavioral properties, for example, gait, date,
time, and location. Recent increases in the processing power and sensor technologies allow digital signal
processing (DSP) algorithms to run in the time needed for a real-time authentication (1—5 seconds, similar to
username and password login processing). Unlike passwords, biometrics cannot be script-injected; however,
biometric data is considered highly sensitive due to its personal nature and unique association with users.
Secure storage, transport, and processing of biometric data is paramount in the design and implementation of
the BOPS system.

While the old standard considered matching in the plain text space, IEEE Std 2410-2019 brings a new level of
consumer privacy assurance by keeping biometric data encrypted at rest and in transit.
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IEEE Standard for Biometric
Open Protocol
1. Overview

1.1 Scope

The Biometric Open Protocol Standard (BOPS) provides three application-programming interface

(API) calls to support biometric identification and authentication including liveness identity

preves—a-servicelevel guarantee-of seeurity. The BOPS implementation allows the systems to meet

security needs by using the application-programming-interface{ API). The BOPS implementation

need not know whether the underlying system is a machine learning model, a relational database

management system (RDBMS), or a search engine. The BOPS implementation functionality offers a
“point-and-cut” mechanism to add the appropriate security to the production systems as well as to

the systems in development.

Additionally, BOPS includes the biometric identification that the industry frequently calls the “one-

to-many” (1:M) case. In the past, biometric identification was not considered because it requires a

lookup against previously stored biometrics and this lookup required indexing and storing the

biometric in plain text biometric identification. This specification includes biometric identification by

using biometric features vectors as input to the enroll endpoint, biometric feature vectors as input to

the predict endpoint, and either video or audio as input to the liveness endpoint.
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1.2 Purpose

This standard provides a means—to—gather-biometric-agnostic—data—using—a—multi-level security
protocol for authentication, identification, and liveness aecess-eontrol-and-assurance.

1.3 Intended audience

The intended audience of this document includes security evaluators, system underwriters,

developers, and systems engineers. The BOPS is subject to changes and updates.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,
they must be understood and used, so each referenced document is cited in text and its relationship
to this document is explained). For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments or corrigenda)

applies.

The Pob-5200-28-STD; Trusted Computer System Evaluation Criteria (Mitre 1984).1,1985.

1Available at: http://seclab.cs.ucdavis.edu/projects/history/papers/dod85.pdf.
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3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards

Dictionary Online should be consulted for terms not defined in this clause. 2

account: A user account that was validated (against an external system or by an email validation
mechanism). H-is—asseciated—with-ene—or—mere—client-devices—The enrollment process ends by
processing ereating a client eertificatefor-the-device-thatshall- be-used-for subsequent calls to predict

authenticate against the BOPS platform.

3.2 Acronyms and abbreviations

+M—oneto-many

. Foursi  ctare biometrictochnal

admin administrator
AQOP aspect oriented programming
API application programming interface

2 IEEE Standards Dictionary Online is available at: http:// dictionary .ieee .org.
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app a client application

BLOB b | b
BOPS Biometric Open Protocol Standard
cru central processing unit

CBV current biometric vector

CSRFE cross-site request forgery

DSP digital signal processing

CN— commonname

CSR v .

DN Cebimeiched

DNS —— domainnameserver

ID identifier

IDS intrusion detection system

IBV initial biometric vector

IP internet protocol

JSON JavaScript object notation

LDAP Lightweight Directory Access Protocol
MM —manyto-many
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MAC mandatory access control

MCA Mobile Client Application
MILS Multiple Independent Levels of Security/Safety
NSA National Security Agency (U.S.)

OWASP Open Web Application Security Project

TP ——one-time password
PII Personally Identifiable Information

QR code Quick Response code

RDBMS relational database management system
REST representational state transfer
SSL secure socket layer

ROTE . : 1

SHK-— software development kit

SOLR —_ . it Poslicats

TCSEC Trusted Computer System Evaluation Criteria
TLS transport layer security

L #Hmetolive

URL uniform resource locator identifier

XNTP extended network time protocol

VC————visualeryptography
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XOR “Exclusive OR” is {a binary operationy

1:M one-to-many

4F four fingers, a proprietary biometric technology
5-tuple five tuple data parameters

4. Conformance

The BOPS comprises the rules governing secure communication between a variety of client devices

and the trusted server. This standard is based on the tested computer-based implementation of the

Trusted Computer System Evaluation Criteria (TCSEC).3

BOPS conforms to the TCSEC, which is the U.S. Department of Defense standard that sets basic
requirements for assessing the effectiveness of computer security controls built into a computer
system. TCSEC was created by the National Computer Security Center, an arm of the National
Security Agency (NSA) and is also frequently referred te-as “Orange Book, section B1.” BOPS also
conforms to the Director of the Central Intelligence Directive 6/3 protection level 3, level 4, and level
5 (PL3, PL4, and PL5), and to the standards of the Multiple Independent Levels of Security/Safety
(MILS) architecture.

3Information on references can be found in Clause 2.
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5. Security considerations

5.1 General information

BOPS largely considers the server side component of an end-to-end biometric solution. This solution

is recorded as IEEE Std 2410™-2015 and IEEE Std 2410™-2017 and now the greatly simplified IEEE

Std 2410™-2019, which describes all the components necessary for the server side of end-to-end

biometric security. The standard lists requirements for the client component to comply with the

Server Side Solution. The standard describes a set of new technologies including, but not limited to,

liveness. “Liveness” is a term that means ensuring the biometric is from a live source, such as a

human being, and not from an imitation, such as a wax replica, a picture, or a video.

This technology shall be implemented on a public cloud or any private cloud. The specification

makes no assumptions of the “how” of a solution. The specification describes the “what” and the

overall goals of the solution.

Users no longer have to remember their passwords and risk having their passwords end up in the

wrong hands. BOPS provides a framework for safety and convenience. Biometrics are part of us,

unique to us, and excellent for leveraging in a secure solution. BOPS is an enterprise grade solution

that handles any size user space and requirements for fault tolerance and load balancing.

Using multiple rounds of penetration tests, the IEEE vetting process, and industry and client

critiques, BOPS has been validated. This mature and secure framework provides an end to end

solution without the compromise of privacy.

5.2 Background

Security considerations include the security policies in place and unambiguously defined levels of
security. One of the BOPS” main functions is to provide authentication instead of authorization in
such a way that the server does not retain the client information but rather recognizes one client

from another. The key components of security considerations include identification and liveness
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This standard further enhances the security model to mitigate recently uncovered vulnerabilities.
Security itself is a constant game of “cops” and “robbers.” The more sophisticated the adversarial
acversaries{“robbers”) become, the more powerful the security model or “cop_needs to be”
reguired. This standard raises the bar in all areas of biometric security with a diligent focus on
authentication and privacy. Additionally, we tackle the difficult problem of biometric identification

with the maintenance of privacy.

5.3 Identity assertion

The BOPS implementation helps provide continuous protection to resources and assurance of the
placement and viability of adjudication and other key features. Accountability is the mechanism that

shall help helps provide a service-level guarantee of security.
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The BOPS implementation identity assertion helps confirm that named users are who they claim to

be. The identity assertion implies reliance on human biometrics; however, the BOPS is an

interoperable standard and shall is-able-te incorporate any identity asserter; or a number of different

asserters; associated with the same named user—The—application—of—the DS —provides—active
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6. BOPS interoperability

The BOPS implementation allows the systems to meet security needs by using the API. The BOPS

implementation does not need to know whether the underlying system is a machine learning model,
an RDBMS, or a search engine. The BOPS implementation functionality offers a “point-and-cut”
mechanism to add the appropriate security to the production systems as well as to the systems in

development. The architecture is language neutral, allowing representational state transfer (REST),

JavaScript object notation (JSON), and secure socket layer (SSL) to provide the communication

interface. The architecture is built on the servlet specitication, openSSL, Java, JSON, REST, and a
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A Client Application is responsible for the following:

— Creation of the biometric feature vector

— Making an API call to enroll

— Making an API call to predict

— Making an API call for liveness

The BOPS server is responsible for the following:

— Saving Personally Identifiable Information (PII) data during enrollment process for

subsequent predict API calls

— Retrieving PII data to support the predict API call

— Retrieving the probability that the liveness data and result match

The processing rules are as follows:

— Only transmit biometric data as ciphertext

— Ciphertext is embeddings taken from a pre-trained model, by the client

— Client processing provides the embeddings by calling convenience routines

Client Desrice 105

BOPS Health
MRy
[Persisiencs)

Clent Davice IDS

Clien Dernice 105
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6.1 Enrollment

Enrollment occurs through the enroll API endpoint. Enrollment takes in a finite amount of PII data

and any number of Euclidean Measurable Feature Vectors. In the case of biometrics, these feature

vectors are composed of a select number of anthropometric points based on the format of input data

collected. Enrollment establishes the identity of the individual and links the PII data. One

embodiment of Enrollment shall use 1:M neural networks to provide a client mechanism to retrieve

feature vectors as well as a mechanism to support subsequent predict API calls.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

Client App

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

Client

CSR

e gy

BOPS Server

Identity Details

PS Server

f€nt App

Check Revocation

App Server

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

Cliant App PS Server
|dentity Details

App Server

Hoelalody
PS Server
Check
Revocation
App Server

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

LAYER
Fway S5LTLS

[r—girsiam S

A0aaan
;

Encrwed Daaon D8

\
-h-mu.—\

G- tupke—

i ivin

pr—rpofila o

Appicion

|

1 Token R!#!l RESTHII
T

]
B Tolen h&-pmn[uﬂs]
- T

|
|
\ 6. & Tebun [S-wple, 1)

A Bormat Reg,

. arily Mg,

I
|
LLNgmhn S ANL2
|
\i\m
13 Rty B giiear
{Teken

IT. Send 4"«:-«!—

10.Formar Aen

I".; Calculine OTF &
ek Token Coum |
|

14 Fooh Clart Cot P |

Ll

\]
|
|
|

T MESSage
©: encrypted
Cl: elient
Cart.: cerificaie
CSR: cerificate sign request

74 I
4. Gui ln Securily

feesponsc *msmsm

Z5, Foma iteg|

£

@

I
1
. !
I\ |
sm §' !}Um:!hﬁz |
" E l |
frokers i, ok 3 18 Prosile lafs |
§ | |
I ! I
| N 180 ! |
1 qﬂL |
1. Custoln Security | |
Mequest {Tohen SHAS1Z) 23 e 1 |
Custom Sapurty| & ] |
RN |
! I
|
|

H

OTP: one time passwod
Pwrz password
Req.: request
saC.: security
tz: Time Stamp

All requests/response messages are in RE 5Tiul format.

(Peleted)

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

User Device

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

—— TP 2L

Load Balamscer Chister

TP 3083

TCPALL.

Persistemon Clusier

TCP ALL.

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

g Encrypl & Send Enrcliment

E Split 1B Regquest
o
Capture
1iZ |BY + Device & Profile information
3
5
L.

g Account

E]

o

2

L2y

BOPS Data

BOPS Server
Big Data Siore
[

Engme i Comminication
Load

Ermgine

\émmsmiu
|

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

Highest

Requirement

Physical verification of a

document proving identity
along with the subject

rification 2 ownership of 2
or ital assets

Verification of ow ip of 1
digital asset that req
credentials

Verification of ownership of 1
asset

Example

s license or
passport verification

Both, Email + SMS
verification

Email verification

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

TRANSFORT

9{ Capture CBY

DEVICE CLIENT LAVER
2wy 33LTLS
Ugery ptric | |
: w1 L [
| Enrolhgent ]
- Capture I8V |
I - |
|
[ 3.
| \ and Split :v I
|
I 4. Store 212 I
|
|
| 5. Send cpreliment
| request {112 18] / & Store 102 |H'l_-l'_
| ! o
| )
| 7. Return Gonfirm of
| B Biomatric Enrhiime
Buthentication . o

—
15. Display
resulis

L

10 l d Auth request
W, 202 18V
1

11 Combine 2 1BV
[ halves and decrypt

1BV: imitial biometric vector
112 1BW: & half IBW storad on BOFS

Eanver

212 16Y; a half 1BV stored on the device

1
12, Compare CBV ve,

plain text whale 1BY

e—

1
14, Register
atith

(Peleted)

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 05:05:53 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2410-2019


http://www.avadocuments.com/doc/ieee-2410-2019
http://www.avadocuments.com/doc/ieee-2410-2019

